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Description 

Background  of  the  Invention 
Field  of  the  Invention 

5  The  present  invention  relates  to  an  apparatus  for  controlling  a  starting  operation  of  a  boiler. 

Description  of  the  Prior  Art 
In  a  boiler  starting  operation,  after  a  preparatory  operation  has  been  accomplished,  a  fuel  supply 

system  is  operated  with  a  burner  being  ignited,  to  thereby  start  increasing  of  a  pressure  and  a  temperature 
10  of  the  boiler.  In  this  case,  it  is  necessary  to  suitably  control  the  starting  operation  in  order  to  prevent  each 

part  of  the  boiler  from  being  overheated  or  to  prevent  parts,  having  a  greater  thickness,  of  the  boiler  from 
being  subjected  to  an  excessive  thermal  stress.  5 

A  conventional  boiler  starting  operation  will  now  be  explained  in  conjunction  with  Figs.  17  and  18.  Fig. 
17  shows  a  conventional  boiler  starting  operation  controlling  apparatus.  In  Fig.  17,  there  are  shown  a  water 

is  wall  1  which  constitutes  a  boiler  furnace  wall,  a  burner  2  and  a  boiler  water  feed  pump  3  for  supplying  ^  
water  to  the  water  wall  1  .  A  steam  separator  4  serves  to  separate  steam-water  mixture,  generated  by  means 
that  the  feed  water  is  heated  in  the  water  wail  1,  into  steam  and  water,  respectively.  A  super  heater  5 
superheats  the  steam  from  the  steam  separator  4.  An  economizer  6  preheats  the  feed  water  from  the  water 
feed  pump  3.  A  turbine  7  is  operatively  connected  to  a  power  generator  (not  shown).  A  regulating  valve  8  is 

20  interposed  between  the  super  heater  5  and  the  turbine  7  for  adjusting  a  rate  of  steam  flow  from  the  super 
heater  5  to  the  turbine  7.  A  valve  9  allows  the  steam  from  the  steam  separator  4  to  flow  to  a  condenser  or 
the  like.  In  the  case  where,  upon  the  starting  operation  of  the  boiler,  a  great  amount  of  steam  kept  at  a  lower 
temperature  is  introduced  into  the  super  heater  5  to  thereby  prevent  the  temperature  at  the  outlet  of  the 
super  heater  5  from  being  elevated,  the  valve  9  may  bypass  such  lower  temperature  steam  to  reduce  the 

25  steam  flow  passing  through  the  super  heater  5,  thereby  elevating  the  steam  temperature  at  the  outlet  of  the 
super  heater  5.  A  valve  10  allows  steam  from  the  outlet  of  the  super  heater  5  to  flow  to  a  condenser  or  the 
like.  In  the  case  where  temperature  and  pressure  of  the  steam  from  the  super  heater  5  are  not  increased 
enough  to  such  an  extent  that  the  steam  may  flow  to  the  turbine  7,  the  valve  10  may  bypass  the  steam. 
Furthermore,  in  the  case  where  the  running  steam  flow  rate  is  low  after  the  steam  has  been  introduced  into 

30  the  turbine  7,  it  is  difficult  to  control  the  steam  pressure  solely  in  accordance  with  the  fuel  supply  amount. 
Thus,  also  in  such  an  operating  condition,  the  above-described  valve  10  allows  the  generated  steam  to  be 
bypassed  and  controls  the  steam  pressure. 

The  apparatus  further  comprises  a  steam  pressure  detector  1  1  for  detecting  the  pressure  of  the  steam 
to  be  fed  from  the  super  heater  5  to  the  turbine  7,  a  steam  pressure  setter  (potentiometer)  12  for  setting  a 

35  pressure  level  to  which  the  steam  is  to  be  regulated,  that  is,  a  desired  steam  pressure,  and  a  subtracter  13 
for  calculating  a  difference  between  a  valve  set  by  the  steam  pressure  setter  12  and  a  value  detected  by  the 
steam  pressure  detector  11.  Proportional  integrators  14  and  15  proportionally  integrate  the  pressure 
deviation  signal  outputted  from  the  subtracter  13.  The  value  detected  by  the  steam  pressure  detector  1  1  is 
inputted  into  a  function  generator  16  which  in  turn  outputs  a  predetermined  value  in  correspondence  with 

40  the  inputted  value.  The  signal  outputted  from  the  function  generator  16  becomes  an  opening  degree 
command  signal  which  commands  an  opening  degree  of  the  turbine  valve  10  for  regulating  the  steam 
pressure  to  a  suitable  level.  In  the  same  manner,  the  valve  detected  by  the  steam  pressure  detector  11  is 
inputted  into  another  function  generator  17  which  in  turn  outputs  a  signal  in  correspondence  with  the 
inputted  value.  The  signal  outputted  from  the  function  generator  17  becomes  an  opening  degree  command 

4S  signal  which  commands  an  opening  degree  of  the  super  heater  bypass  valve  9  for  regulating  the  steam 
pressure  to  a  suitable  level.  A  signal  switcher  18  is  provided  with  terminals  18a  and  18b  and  a  switching 
member  18c.  The  terminals  18a  and  18b  and  the  switching  member  18c  are  electrically  connected  to  the 
proportional  integrator  14,  the  function  generator  16  and  the  turbine  bypass  valve  10,  respectively.  A  higher  i  
level  selector  19  compares  the  output  signal  from  the  proportional  integrator  1  5  with  the  output  signal  from 

so  the  function  generator  17  and  outputs  the  higher  level  signal  of  the  two  signals  to  the  super  heater  bypass 
valve  9.  A  fuel  flow  rate  regulator  20  controls  the  fuel  supply  amount  to  the  burner  2.  An  opening  degree   ̂
setter  21  sets  an  opening  degree  of  the  fuel  flow  rate  regulator  20  in  accordance  with  the  number  of  the 
burner  units. 

The  operation  of  the  thus  constructed  apparatus  will  hereinafter  be  explained  with  reference  to  time 
55  charts  shown  in  Fig.  18.  The  chart  (a)  shows  a  change  of  fuel  replenishment  rate  with  respect  to  time.  The 

chart  (b)  shows  a  change  of  the  opening  degree  of  the  super  heater  bypass  valve  9  with  respect  to  time.  The 
chart  (c)  shows  a  change  of  the  opening  degree  of  the  turbine  bypass  valve  10  with  respect  to  time.  The 
chart  (d)  shows  a  change  of  the  steam  or  vapour  pressure  with  respect  to  time.  The  chart  (e)  shows  a 
change  of  the  super  heater  outlet  steam  temperature  with  respect  to  time.  In  the  charts,  t0  is  the  ignition 

60  time,  t,  is  the  pressure  increase  accomplishment  time,  t2  is  the  temperature  increase  accomplishment  time 
and  t3  is  the  turbine  steam  supply  time.  Also  p0  is  the  initial  steam  pressure  and  is  the  desired  pressure 
increase  value.  After  the  ignition  at  time  t0,  the  number  of  the  ignited  units  of  the  burner  2  is  increased  in  a 
stepwise  manner.  As  a  result,  the  opening  degree  of  the  fuel  flow  rate  regulating  valve  20  is  controlled  in 
accordance  with  the  opening  degree  setter  21  so  that  the  fuel  replenishment  amount  is  increased  stepwise 

65  as  shown  in  the  chart  (a).  On  the  other  hand,  before  the  steam  or  vapour  pressure  reaches  the  desired 
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pressure  increase  value  p1f  the  signal  switcher  18  is  under  such  a  condition  tnat  its  switcning  memoer  i  oc  is 
switched  over  to  the  terminal  18b.  Therefore,  the  opening  degree  of  the  turbine  bypass  valve  10  is 
controlled  by  the  output  signal  from  the  function  generator  16  corresponding  to  the  steam  pressure 
detected  by  the  steam  pressure  detector  1  1  until  the  steam  pressure  reaches  the  desired  pressure  increase 

5  value  pi.  Namely,  the  opening  degree  of  the  turbine  bypass  valve  10  is  determined  solely  depending  upon 
the  above-described  steam  pressure.  Before  the  turbine  steam  supply  time  t3,  the  opening  degree  of  the 
turbine  bypass  valve  10  is  controlled  so  that  the  increased  steam  pressure  is  bypassed  as  shown  in  the 
chart  (c).  Also,  since  a  saturated  temperature  of  the  steam  is  low  when  the  steam  pressure  is  kept  low  and  a 
low  temperature  steam  is  supplied  from  the  steam  separator  4  to  the  super  heater  5,  the  output  signal  of 

io  the  function  generator  16  becomes  a  signal  by  which  the  opening  degree  of  the  super  heater  bypass  valve  9 
is  increased.  As  a  result,  the  opening  degree  of  the  super  heater  bypass  valve  9  is  increased  as  shown  in  the 
chart  (b).  Thus,  the  lower  temperature  steam  is  bypassed  to  reduce  the  steam  amount  passing  through  the 
super  heater  5,  thereby  elevating  the  outlet  steam  temperature  of  the  super  heater  5. 

After  the  steam  pressure  has  reached  the  desired  pressure  increase  value  p1f  the  switching  member 
is  18c  of  the  signal  switcher  18  is  changed  over  to  the  terminal  18a.  Thereafter,  the  opening  degree  of  the 

turbine  bypass  valve  10  is  controlled,  as  shown  in  the  chart  (c),  in  accordance  with  a  signal  obtained  by 
proportionally  integrating  a  pressure  difference  signal  between  the  desired  pressure  increase  value  p,  set 
in  the  steam  pressure  setter  12  and  the  steam  pressure  valve  actually  detected  by  the  steam  pressure 
detector  11.  Further,  in  the  case  where  after  the  pressure  increase  accomplishment  time  t1(  the  steam 

20  pressure  is  too  high  to  be  bypassed  by  the  turbine  bypass  valve  10,  the  output  signal  from  the  proportional 
integrator  15  is  increased.  Therefore,  such  an  output  signal  is  selected  by  the  higher  level  signal  selector  19 
to  increase  the  opening  degree  of  the  super  heater  bypass  valve  9,  thereby  bypassing  the  steam  and 
suppressing  an  increase  of  the  steam  pressure. 

However,  such  a  conventional  apparatus  has  the  following  defects  which  will  now  be  described. 
25  (1  )  It  is  difficult  to  set  an  optimum  temperature  and  pressure  increase  pattern  which  refers  to  a  starting 

state  where  the  temperature  and  pressure  increases  are  accomplished  in  a  minimum  period  of  time  while 
suppressing  a  thermal  stress  generation  in  parts,  having  a  greater  thickness,  of  the  boiler.  The  greater 
thickness  portions  which  are  most  important  in  the  boiler  are,  generally,  an  outlet  header  of  the  super 
heater  5  and  the  steam  separator  (or  drum)  4.  Therefore,  in  other  words,  the  optimum  temperature  and 

30  pressure  increase  pattern  is  intended  to  mean  a  state  in  which  a  change  rate  of  the  outlet  steam 
temperature  of  the  super  heater  5  which  rate  effects  a  thermal  stress  of  the  outlet  header  of  the  super 
heater  5  (hereinafter  referred  to  as  a  "temperature  increase  rate")  and  a  change  rate  of  the  steam  pressure 
which  effects  a  thermal  stress  of  the  steam  separator  (or  drum)  4  through  the  saturated  temperature 
change  (the  latter  change  rate  will  be  hereinafter  referred  to  as  a  "pressure  increase  rate")  are  maintained 

35  just  below  the  change  rate  limits  allowable  in  light  of  the  suppression  of  the  thermal  stress  generation. 
In  view  of  this,  the  above-described  conventional  apparatus  will  be  reviewed.  In  the  conventional 

apparatus,  the  temperature  increase  rate  and  the  pressure  increase  rate  are  regulated  by  setting  the 
function  generators  16  and  17.  In  order  to  carry  out  such  setting,  it  is,  however,  required  to  determine  the 
rates  by  repeating  the  starting  tests  of  actual  drums.  This  needs  a  number  of  steps  and  is  troublesome. 

40  Further,  in  the  case  where  the  steam  pressure  at  the  ignition  time  t0  (initial  pressure)  is  different  from  the 
steam  pressure  at  which  the  adjustment  is  carried  out,  the  actual  rates  would  be  offset  from  the  desired 
temperature  and  pressure  increase  rates.  In  order  to  prevent  such  offset  from  generating,  the  function 
generators  16  and  17  are  operated  to  set  the  temperature  and  pressure  increase  rates  so  that  they  do  not 
exceed  the  limits  in  a  starting  state  under  any  initial  pressure  and  in  any  step  of  the  temperature  and 

45  pressure  increase  process.  As  a  result,  the  obtained  temperature  and  pressure  increase  pattern  is 
considerably  offset  from  the  optimum  temperature  and  pressure  increase  pattern,  and  the  consumed 
starting  period  is  rather  longer  than  that  according  to  the  optimum  temperature  and  pressure  increase 
pattern. 

(2)  According  to  the  conventional  apparatus,  it  is  difficult  to  reduce  the  starting  loss.  In  the  boiler 

5o  system  shown  in  Fig.  17,  in  the  case  where  the  starting  operation  is  carried  out  in  accordance  with 
predetermined  temperature  and  pressure  increase  rates,  a  combination  among  the  fuel  replenishment 
amount  running  through  the  fuel  flow  rate  regulating  valve  20,  the  opening  degree  of  the  super  heater 
bypass  valve  9  and  the  opening  degree  of  the  turbine  bypass  valve  10  is  not  determined  to  a  sole 
combination.  Namely,  there  may  be  a  combination  where  a  great  amount  of  fuel  is  replenished  to  the 

55  burner  2  whereas  a  great  amount  of  steam  is  bypassed  by  the  super  heater  bypass  valve  9  and  the  turbine 
bypass  valve  10,  and  there  is  another  combination  reverse  to  the  former  combination.  In  the  various 
combinations,  a  three-factor  combination  where  it  is  possible  not  only  to  keep  the  given  temperature  and 
pressure  increase  rates  but  to  reduce  the  opening  degree  of  the  fuel  flow  rate  regulating  valve  20  to  a 
minimum  may  lead  to  an  operation  where  the  starting  loss  becomes  least  for  the  same  starting  period. 

eo  However,  the  conventional  apparatus  has  no  function  to  cooperate  the  super  heater  bypass  valve  9,  the 
turbine  bypass  valve  10  and  the  fuel  flow  rate  regulating  valve  20  with  each  other.  Therefore,  in  order  to 
reduce  the  starting  loss,  there  is  no  method  other  than  a  method  of  independently  adjusting  the  opening 
degree  setter  21  and  the  function  generators  16  and  17,  respectively.  As  a  matter  of  fact,  it  is  almost 
impossible  to  adjust  these  components  in  such  a  manner  that  the  starting  loss  is  kept  at  a  minimum  while 

55  maintaining  the  above-described  optimum  temperature  and  pressure  increase  rates. 
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(3)  In  the  conventional  apparatus,  even  if  the  temperature  and  pressure  increase  pattern  becomes 
abnormal  due  to  a  disturbance  or  the  like,  any  modification  coping  with  such  abnormal  operation  is  not 
performed.  More  specifically,  although  the  temperature  and  pressure  increase  rates  are  important  state 
factors  by  which  a  thermal  stress  of  the  greater  thickness  portions  of  the  boiler  is  governed,  the 

5  conventional  apparatus  has  no  method  of  measuring  these  factors.  In  the  conventional  apparatus,  these 
factors  are  out  of  the  control.  For  this  reason,  if  the  temperature  and  pressure  increase  rates  deviate  from 
the  pattern  planned  in  adjusting  the  opening  degree  setter  20  and  the  function  generators  16  and  17  due  to 
a  disturbance  or  the  like,  it  is  impossible  to  modify  the  deviation.  Therefore,  also  in  view  of  this  aspect,  it 
must  be  necessary  to  plan  the  temperature  and  pressure  increase  rates  at  somewhat  lower  levels  upon 

10  adjusting  the  opening  degree  setter  20  and  the  function  generators  16  and  17  while  estimating  a  margin  of 
the  suppression  of  thermal  stress  generation.  This  is  one  of  the  hindrance  factors  of  the  starting  period 
reduction. 

In  DE—  -A—  3  216  298  a  method  and  an  apparatus  are  disclosed  for  controlling  the  temperature  of  a 
super-heated  steam  of  a  boiler  for  driving  a  turbine  by  controlling  the  opening  degree  of  a  turbine  bypass 

is  valve.  The  instructions  for  opening  and  closing  said  turbine  bypass  valve  are  provided  by  a  computer 
means  which  derives  said  control  data  on  the  basis  of  the  detected  steam  temperature  at  the  boiler  outlet, 
the  steam  pressure,  the  steam  temperature  on  the  inlet  of  the  turbine  and  the  temperature  on  the  metal 
wall  inside  the  turbine  and  the  actual  status  of  said  turbine  bypass  valve.  During  the  starting  operation  the 
control  of  said  bypass  valve  is  additionally  influenced  by  the  difference  between  an  actual  steam 

20  temperature  change  rate  value  and  a  predetermined  steam  temperature  change  rate  value.  But  in  contrast 
to  the  present  invention  there  are  no  provisions  made  to  take  into  account  the  differences  between  a 
desired  and  an  actual  steam  temperature  change  rate  value  and  a  steam  pressure  change  rate  value, 
respectively  for  suppressing  thermal  stress  in  predetermined  structural  portions  of  the  boiler. 

25  Summary  of  the  Invention 
An  object  of  the  present  invention  is  to  provide  a  boiler  starting  operation  controlling  apparatus  which 

is  capable  of  accomplishing  a  starting  operation  of  a  boiler  in  a  short  period  of  time  while  suppressing  a 
thermal  stress  generated  in  greater  thickness  portions  of  the  boiler  and  which  is  capable  of  reducing  a 
starting  loss. 

30  In  order  to  attain  the  object,  the  present  invention  is  characterized  in  that  a  steam  or  vapour 
temperature  and  a  steam  of  vapour  pressure  are  detected,  a  desired  value  of  a  steam  temperature  change 
rate  and  a  desired  value  of  a  steam  pressure  change  rate  needed  for  suppression  of  a  thermal  stress  of 
greater  thickness  portions  of  a  boiler  are  calculated  based  upon  the  detected  values,  a  desired  pressure 
increase  value,  a  desired  temperature  increase  value,  a  limit  for  a  saturated  temperature  change  rate  and  a 

35  limit  for  a  temperature  increase  rate,  and  there  are  provided  means  for  calculating  the  respective 
operational  amounts  of  a  super  heater  bypass  valve,  a  turbine  bypass  valve  and  a  fuel  flow  rate  regulating 
valve  based  upon  the  respective  desired  values,  the  steam  temperature  and  the  steam  pressure.  The 
present  invention  is  further  characterized  in  that  the  operational  amounts  obtained  through  these 
calculations  are  compensated  based  upon  the  change  rate  of  the  steam  temperature  and  the  change  rate  of 

40  the  steam  pressure. 

Brief  Description  of  the  Drawings 
Fig.  1  is  a  systematic  view  of  a  boiler  starting  operation  controlling  apparatus  in  accordance  with  one 

embodiment  of  the  invention; 
45  Fig.  2  is  a  systematic  view  of  a  desired  change  rate  value  calculating  means  shown  in  Fig.  1; 

Figs.  3,  4  and  5  are  graphs  showing  characteristics  of  function  generators  shown  in  Fig.  2,  respectively; 
Fig.  6  is  a  systematic  view  of  an  optimum  operational  amount  calculating  means  shown  in  Fig.  1; 
Figs.  7,  8,  9,  10  and  11  are  graphs  showing  characteristics  of  function  generators  shown  in  Fig.  6,  «■ 

respectively; 
50  Fig.  12  is  a  graph  showing  a  solution  of  a  calculation  of  a  plant  characteristic  arithmetic  unit  shown  in 

Fig.  6; 
Fig.  13  is  a  flowchart  illustrating  an  operation  of  a  plant  characteristic  arithmetic  unit  shown  in  Fig.  6;  » 
Fig.  14  is  a  systematic  view  of  a  compensation  calculating  or  arithmetic  unit  shown  in  Fig.  1; 
Fig.  15  is  a  graph  showing  a  characteristic  of  the  function  nenerator  shown  in  Fig.  14; 

55  Fig.  16  is  a  systematic  view  of  a  part  of  a  boiler  starting  operation  controlling  apparatus  in  accordance 
with  another  embodiment  of  the  invention; 

Fig.  17  is  a  systematic  view  of  a  conventional  boiler  starting  operation  controlling  apparatus;  and 
Fig.  18  shows  time  charts  showing  changes  of  respective  amounts  in  boiler  starting  operation. 

60  Detailed  Description  of  the  Preferred  Embodiments 
The  present  invention  will  now  be  described  by  way  of  example  in  accordance  with  shown 

embodiments. 
Fig.  1  shows  a  systematic  view  of  a  boiler  starting  operation  controlling  apparatus  in  accordance  with 

one  embodiment  of  the  present  invention.  In  Fig.  1,  the  same  reference  numerals  are  used  to  designate  the 
65  same  or  like  components  as  shown  in  Fig.  17.  Explanations  therefor  will  be  omitted.  A  steam  or  vapour 
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temperature  detector  25  detects  a  temperature  ot  steam  or  vapour  Trom  a  super  nedier  o.  «  uesncu 
pressure  increase  value  setter  or  potentiometer  26  sets  the  desired  pressure  increase  value  p,  shown  in  the 
chart  (d)  of  Fig.  18.  A  desired  temperature  increase  value  setter  or  potentiometer  27  sets  an  outlet  steam  or 
vapour  temperature  of  the  super  heater  5  upon  accomplishment  of  the  temperature  increase.  A  saturated 

;  temperature  change  rate  limit  setter  or  potentiometer  28  sets  a  saturated  temperature  change  rate  limit  for 
suppressing  a  thermal  stress  of  a  greater  thickness  portion  of  a  steam  separator  4.  A  temperature  increase 
rate  limit  setter  or  potentiometer  29  sets  a  temperature  increase  rate  limit  for  suppressing  a  thermal  stress 
of  a  greater  thickness  portion  of  an  outlet  header  of  the  super  heater  5.  The  respective  set  values  set  in  the 
respective  setters  26,  27,  28  and  29  and  the  detected  values  from  the  steam  pressure  detector  11  and  the 

0  steam  temperature  detector  25  are  inputted  into  an  arithmetic  unit  30  for  a  desired  degree  or  rate  of  change 
of  each  value,  which  arithmetic  unit  in  turn  outputs  a  desired  temperature  increase  degree  or  rate  signal  a 
and  a  desired  pressure  increase  degree  or  rate  signal  b  obtained  through  a  predetermined  calculation  and  a 
control  on  the  basis  of  these  values.  The  arithmetic  unit  30  will  be  described  in  more  detail  with  respect  to 
its  construction  and  operation.  Incidentally,  an  arithmetic  unit  40  for  optimum  operation  and  an  arithmetic 

5  unit  60  for  compensation  later  described  will  be  explained  in  greater  detail  with  respect  to  their 
constructions  and  operations.  The  arithmetic  unit  40  for  optimum  operation  conducts  a  calculation  and  a 
control  on  the  basis  of  the  detected  values  from  the  steam  pressure  detector  1  1  and  the  steam  temperature 
detector  25,  the  desired  temperature  increase  rate  signal  a,  the  desired  pressure  increase  rate  signal  6 
obtained  by  the  arithmetic  unit  30  and  pre-memoried  equations,  and  then  outputs  a  command  signal  c2  for 

•o  an  opening  degree  of  the  fuel  flow  rate  regulating  valve  20,  a  command  signal  d2  for  an  opening  degree  of 
the  super  heater  bypass  valve  9  and  a  command  signal  e2  for  an  opening  degree  of  the  turbine  bypass  valve 
10. 

The  detected  value  from  the  steam  pressure  detector  1  1  is  inputted  into  a  differentiator  50  which  in  turn 
differentiates  the  detected  value  and  calculates  an  actual  pressure  increase  rate.  A  subtractor  51  compares 

!5  the  pressure  increase  rate  calculated  by  the  differentiator  50  with  the  pressure  increase  desired  signal  b  and 
outputs  a  pressure  increase  deviation  signal  f  which  is  the  deviation  therebetween.  The  detected  value  of 
the  steam  temperature  detector  25  is  inputted  into  a  differentiator  52  which  in  turn  differentiates  the 
detected  value  and  calculates  an  actual  temperature  increase  rate.  A  subtractor  53  compares  the 
temperature  increase  rate  obtained  by  the  differentiator  52  with  the  desired  temperature  increase  rate 

jo  signal  a  and  outputs  a  deviation  therebetween,  i.e.,  a  temperature  increase  deviation  signal  g.  The 
arithmetic  unit  60  for  compensation  compensates  for  the  respective  command  signal  c2,  d2  and  e2  on  the 
basis  of  the  deviation  signals  f  and  g  and  outputs  compensated  command  signals  c2\  d2'  and  e2'  for  the 
degrees  of  opening. 

The  operation  of  the  thus  described  embodiment  will  become  more  apparent  by  the  following 

35  explanation  of  constructions  and  operations  of  the  desired  change  rate  arithmetic  unit  30,  the  optimum 
operation  arithmetic  unit  40  and  compensation  arithmetic  unit  60. 

First  of  all,  the  construction  of  the  desired  change  rate  or  degree  arithmetic  unit  30  will  be  explained  in 
conjunction  with  a  systematic  view  shown  in  Fig.  2  in  which  the  same  reference  characters  are  used  to 
indicate  the  same  components  shown  in  Fig.  1.  A  subtractor  31  calculates  a  difference  between  the 

40  detected  value  of  the  steam  pressure  detector  1  1  and  the  setter  or  potentiometer  26.  A  function  generator 
32  outputs  a  signal  corresponding  to  the  output  signal  from  the  subtracter  31.  The  characteristic  of  the 
function  generator  32  is  shown  in  Fig.  3.  A  function  generator  33  outputs  a  signal  corresponding  to  the 
detected  value  of  the  steam  pressure  detector  11.  The  characteristic  of  the  function  generator  33  is  shown 
in  Fig.  4.  A  multiplier  34  multiplies  a  saturated  temperature  change  rate  limit  set  in  the  setter  or 

45  potentiometer  28  by  the  value  obtained  by  the  function  generator  33.  A  low  level  selector  or  comparator  35 
selects  and  outputs  a  lower  level  between  the  value  from  a  mutiplier  34  and  the  value  obtained  by  the 
function  generator  32.  A  subtractor  36  calculates  a  difference  between  the  detected  value  of  the  steam 
temperature  detector  25  and  the  desired  temperature  increase  value  set  in  the  potentiometer  27.  A  function 
generator  37  outputs  a  signal  corresponding  to  the  output  signal  from  the  subtractor  36.  A  low  level 
selector  or  comparator  38  selects  and  outputs  a  lower  level  between  the  value  obtained  by  the  function 
generator  37  and  the  desired  temperature  rate  limit  set  in  the  potentiometer  29.  The  characteristic  of  the 
function  generator  37  is  shown  in  Fig.  5. 

The  operation  of  desired  change  rate  arithmetic  unit  30  will  now  be  explained.  The  value  outputted 
from  the  subtracter  31  is  a  pressure  deviation  signal  which  is  a  difference  between  the  actual  steam 
pressure  and  the  desired  pressure  increase  value.  The  pressure  deviation  signal  is  inputted  into  the 
function  generator  32  which  in  turn  outputs  a  value  corresponding  to  the  pressure  deviation  signal  inputted 
thereto.  As  is  apparent  from  the  characteristic  curve  of  the  function  generator  32  shown  in  Fig.  3,  if,  as 
shown  in  the  chart  (d)  of  Fig.  18,  the  steam  pressure  is  considerably  offset  from  the  desired  pressure 
increase  value  after  the  ignition,  the  pressure  deviation  signal  becomes  greater  and  in  correspondence  with 
this  increment,  the  desired  basic  pressure  increase  rate  signal  outputted  from  the  function  generator  32 
becomes  greater.  In  other  words,  in  this  case,  the  desired  basic  pressure  increase  rate  which  is  a  basic 
value  for  the  desired  pressure  increase  value  is  made  large  as  much  as  possible  whereby  the  pressure 
increase  period  is  reduced.  Inversely,  if  near  the  accomplishment  of  pressure  increase,  the  steam  pressure 
approaches  the  desired  pressure  increase  value  and  the  pressure  deviation  signal  becomes  smaller,  as 
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shown  by  the  characteristic  curve  in  Fig.  3,  the  desired  basic  pressure  increase  signal  becomes  smaller, 
thus  preventing  an  overshoot. 

The  detected  value  of  steam  pressure  detector  1  1  is  inputted  also  into  the  function  generator  33  which 
in  turn  outputs  a  conversion  signal  obtained  by  converting  the  saturated  temperature  change  rate  into  the 

5  pressure  change  rate  in  correspondence  with  the  inputted  signal.  In  accordance  with  this  conversion,  the 
saturated  temperature  change  rate  limit  set  in  the  potentiometer  28  is  converted  into  the  pressure  change 
rate  limit.  For  better  control,  it  is  preferable  to  refer  to  the  steam  pressure  which  corresponds  to  the 
saturated  temperature  in  one-to-one  relation  since  a  response  lag  or  delay  of  control  may  be  reduced  and 
such  reference  is  available  in  decomposition  performance  of  the  detector.  A  converted  pressure  change 

to  rate  limit  signal  is  outputted  from  the  multiplier  34.  The  lower  level  selector  or  comparator  34  compares  the 
desired  basic  pressure  increase  rate  signal  from  the  function  generator  32  with  the  pressure  change  rate 
limit  signal  from  the  multiplier  34  and  outputs  its  result  as  the  desired  pressure  increase  rate  b. 

The  detected  value  of  the  steam  temperature  detector  25  is  inputted  into  the  subtracter  36  and  a 
difference  between  it  and  the  desired  temperature  increase  value  set  in  the  potentiometer  27  is  calculated. 

is  The  temperature  deviation  signal  from  the  subtracter  36  is  inputted  into  the  function  generator  37  which  in 
turn  outputs  the  desired  basic  temperature  increase  rate  value  in  accordance  with  the  characteristic  curve 
shown  in  Fig.  5.  The  above-described  characteristic  is  such  that  if  the  temperature  deviation  is  large,  that  is, 
in  the  case  where  the  steam  temperature  is  considerably  offset  from  the  desired  temperature  increase 
value  upon  the  completion  of  the  temperature  increase,  desired  basic  temperature  increase  rate  which  is  a 

20  basic  value  for  the  desired  temperature  increase  rate  is  made  large  as  much  as  possible  whereby  the 
temperature  increase  period  is  reduced,  whereas,  if  the  steam  temperature  approaches  the  desired 
temperature  increase  value  and  the  temperature  deviation  becomes  smaller,  the  desired  basic  temperature 
increase  rate  is  made  smaller,  thus  preventing  an  overshoot.  The  lower  level  signal  selector  or  comparator 
38  compares  the  desired  basic  temperature  increase  rate  from  the  function  generator  37  with  the 

25  temperature  increase  rate  limit  signal  set  in  the  potentiometer  29  and  selects  and  outputs  the  lower  level 
signal  therebetween  as  the  desired  temperature  increase  signal  a  for  safety  aspect.  In  short,  the  desired 
change  rate  arithmetic  unit  30  seeks  optimum  pressure  and  temperature  increase  rates  and  in  turn  outputs 
them  as  the  desired  pressure  increase  signal  b  and  the  desired  temperature  increase  signal  a,  respectively. 

Subsequently,  the  construction  of  the  optimum  operation  arithmetic  unit  40  will  be  explained  with 
30  reference  to  the  systematic  view  shown  in  Fig.  6  in  which  the  numerals  11  and  25  designate  the  steam 

pressure  detector  and  the  steam  temperature  detector  shown  in  Fig.  1.  Shown  in  the  primary  portion  of  Fig. 
6  is  an  arithmetic  unit  41  for  desired  states  in  the  plant.  The  arithmetic  unit  41  for  desired  states  in  the  plant 
calculates  the  fuel  replenishment  amount,  the  super  heater  bypass  valve  flow  rate  and  the  turbine  bypass 
valve  flow  rate  for  determining  the  desired  temperature  and  pressure  increase  values  sought  and  outputted 

35  as  the  command  signals  a  and  b  by  the  desired  change  rate  arithmetic  unit  30  in  a  given  boiler  state 
determined  by  the  detected  value  of  the  steam  pressure  detector  1  1  and  the  value  detected  by  the  steam 
temperature  detector  25.  This  calculation  will  be  described  later.  The  fuel  replenishment  amount  signal  a, 
from  the  plant  characteristic  arithmetic  unit  41  is  inputted  into  a  function  generator  42  which  in  turn  seeks 
the  opening  degree  of  the  fuel  flow  regulating  valve  in  accordance  with  the  characteristic  curve  shown  in 

40  Fig.  7.  The  sought  opening  degree  is  outputted  as  an  opening  degree  command  signal  c2  for  the  fuel  flow 
rate  regulating  valve.  A  function  generator  43  is  provided  with  a  pressure-flow  characteristic  of  the  super 
heater  bypass  valve  9  shown  in  Fig.  8,  subjected  to  the  detected  value  from  the  pressure  detector  11  and, 
hence,  outputs  the  value  corresponding  thereto  in  accordance  with  the  characteristic  curve.  The  super 
heater  bypass  valve  flow  signal  6,  outputted  from  the  plant  characteristic  arithmetic  unit  41  is  inputted  to  a 

45  divider  44  which  in  turn  divides  the  signal  by  the  output  signal  from  the  function  generator  43.  A  function 
generator  45  is  provided  with  a  characteristic  shown  in  Fig.  9.  The  signal  from  the  divider  44  is  inputted  into 
the  function  generator  45  which  in  turn  outputs  the  super  heater  bypass  valve  opening  degree  command 
signal  d2  in  accordance  with  the  signal  of  the  divider  44.  A  function  generator  46  is  provided  with  a 
pressure-flow  characteristic  of  the  turbine  bypass  valve  10  as  shown  in  Fig.  10.  The  detected  value  from  the 

so  pressure  detector.  11  is  inputted  into  the  function  generator  46  which  in  turn  outputs  the  value 
corresponding  to  the  inputted  detected  value  in  accordance  with  the  characteristic.  The  turbine  bypass 
valve  flow  signal  e-,  outputted  from  the  plant  characteristic  arithmetic  unit  41  is  inputted  into  a  divider  47 
which  in  turn  divides  the  inputted  value  by  the  output  signal  from  the  function  generator  46.  A  function 
generator  48  is  provided  with  a  characteristic  shown  in  Fig.  1  11  The  signal  of  the  divider  47  is  inputted  into 

55  the  function  generator  48  which  in  turn  outputs  the  turbine  bypass  valve  opening  degree  command  signal 
e2. 

Prior  to  an  explanation  of  the  operation  of  the  optimum  operation  arithmetic  unit  40,  a  calculation  of 
the  plant  characteristic  arithmetic  unit  41  will  be  explained.  First  of  all,  the  symbols  used  in  the  calculation 
are  defined  as  follows: 

60  A  is  the  heat  transfer  area  (m2)  of  the  super  heater  5; 
is  the  feed  water  flow  (kg/s)  to  the  water  wall  1  ; 

Ge  is  the  amount  of  evaporation  (kg/s)  in  the  water  wall  1; 
h'(P)  is  the  enthalpy  (kcal/kg)  of  the  saturated  water,  (the  function  of  P); 
h"(P)  is  the  enthalpy  (kcal/kg)  of  the  saturated  steam  (function  of  P); 

6S  H(P,T)  is  the  enthalpy  (kcal/kg)  of  the  output  steam  of  the  super  heater  5  (function  of  P  and  T); 

6 
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H  is  the  change  rate  of  the  output  steam  enthalpy  (kcal/kg  s)  of  the  super  heater  5; 
Hi  is  the  enthalpy  (kcal/kg)  of  the  inlet  steam  of  the  super  heater  5; 
Hww  is  the  enthalpy  (kcal/kg)  of  the  outlet  fluid  of  the  water  wall  1  ; 
HEC0  is  the  outlet  feed  water  enthalpy  (kcal/kg)  of  the  economizer; 

5  P  is  the  steam  pressure  (kg/cm2abs); 
P  is  the  steam  pressure  change  rate  (kg/cm2  s); 
Q(x)  is  the  thermal  absorptivity  (kcal/s)  of  the  water  wall  1  (function  of  x); 
T  is  the  outlet  steam  temperature  (°C)  of  the  super  heater  5; 
f  is  the  outlet  steam  temperature  change  rate  (°C/s)  of  the  super  heater  5; 

io  v(P,T)  is  the  average  specific  volume  (m3/kg)  of  the  steam  in  the  super  heater  5; 
V  is  the  volume  (m3)  of  the  interior  of  the  super  heater  5; 
x  is  the  fuel  replenishment  rate  (kg/s); 
xm,n  is  the  lower  limit  of  the  fuel  replenishment  rate  (kg/s); 
y  is  the  steam  flow  rate  (kg/s)  of  the  turbine  bypass  valve  10; 

is  ymin  is  the  minimum  steam  flow  rate  (kg/s)  of  the  turbine  bypass  valve  10; 
z  is  the  steam  flow  rate  (kg/s)  of  the  super  heater  bypass  valve  9; 
a  is  the  average  heat  transmission  (kcal/m2s°C)  of  the  super  heater  5; 
TH(x)  is  the  inlet  combustion  gas  temperature  (°C)  of  the  super  heater  5  (function  of  x);  and 

20  dl  
(  )p,t 

dH 

is  the  partial  differential  coefficient  of  the  steam  temperature  with  respect  to  the  enthalpy  (function  of  P  and 
25  T). 

Among  the  above-described  values,  the  heat  transfer  area  A  and  the  volume  V  of  the  super  heater  5  are 
determined  by  the  structure  of  the  boiler  and  the  feed  water  flow  Gww  to  the  water  wall  1,  the  fuel 
replenishment  rate  lower  limit  xmln  and  the  minimum  steam  flow  rate  ymln  of  the  turbine  bypass  valve  10  are 
determined  by  its  design.  The  steam  pressure  P  and  the  steam  temperature  T  are  detected  by  the  steam 

30  pressure  detector  1  1  and  steam  temperature  detector  25,  respectively.  The  steam  pressure  change  rate  P 
and  the  steam  temperature  change  rateT  are  given  by  the  output  signals  a  and  b  from  the  desired  change 
rate  arithmetic  unit  30.  Further,  the  saturated  water  enthalpy  h'(P),  the  saturated  steam  enthalpy  h"(P),  the 
outlet  steam  enathlpy  H(P,T)  of  the  super  heater  5,  the  average  specific  volume  v(P,T)  of  the  steam  in  the 

super  heater  5,  and  the  partial  differential  coefficient 
35 dT 

(  )P,T 
3H 

40  may  be  sought  by  using  the  Mollier  Chart  on  the  basis  of  the  steam  pressure  P  and  the  steam  temperature 

T'  
The  following  equations  are  established  with  respect  to  the  heat  transfer  of  the  super  heater  5. 

50 

55 

H  »  y{Hi  -  H(P,T)}   +  A-a{TH(x)  -  T}  (2) 

In  the  embodiment,  since  the  super  heater  bypass  valve  9  is  connected  to  the  outlet  ot  tne  steam 
separator  4,  the  inlet  steam  enthalpy  Hi  of  the  super  heater  5  is  given  by: 

Hi  =  h*  (P)  (3) 

Incidentally,  if  the  super  heater  bypass  valve  9  is  connected  to  a  midportion  ottne  super  neater  o,  ine 
temperature  at  the  midportion  is  detected  and  the  enthalpy  therefore  may  be  sought  by  using  the  Mollier 

60  Chart  on  the  basis  of  the  detected  temperature  and  the  steam  pressure  P.  More  strictly  speaking,  the 

average  heat  transmission  a  of  the  super  heater  5  is  the  function  of  the  combustion  gas  temperature  and 
the  combustion  gas  amount  both  of  which  in  turn  are  the  functions  of  the  fuel  replenishment  x.  Therefore,  if 

necessary,  the  above-described  average  heat  transmission  a  may  be  given  as  the  function  of  the  actually 
measured  fuel  replenishment. 

65  From  the  equations  (1),  (2)  and  (3),  the  following  equation  is  given: 

/  
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T  =  {  V ( ^ T )   -  ( 4 ! - > P f T }   H h ' ( P )   -  H ( P , T ) } y  

+  A  °  a  "  Tg(x)  ~  A  '  a  •  T]  . . . . . . . . . . .   (4) 

The  equation  (4)  is  rewritten  as  follows: 

T  =  -K1  -  y  +  K2  '  TH  (  s  )  -  . . . . . . . . . . .   (5) 

where  K1(  K2  and  K3  are  model  parameters  which  are  defined  as  follows: 

Kx  -  {  v ( * ' T )   -  ( - l | - ) p f T }   -  {H(P,T)  -  h'  (P)  } . . . . . . .   (6) K, 

=  ;  v (P ,T)   .  f  3  T  } 

K3  -  <  V(v>T)  '  ( T f - } P , T }   * ' 0 ' *   •  (8) 

On  the  other  hand,  the  following  equations  are  established  with  respect  to  the  heat  transfer  in  the 
water  wall  1  and  steam  pressure. 

VP   =  G e - y - z   (g) 

Hww  ~  (P) 
Ge  =  Gww  h„(p)   ,  h,  (p)  . . . . . . . . . .   (10)  

Hww  *  HECO  +  '  ( I D  

Incidentally,  although  the  outlet  feed  water  enthalpy  HEC0  of  the  economizer  6  is  kept  substantially 
constant  in  the  starting  operation,  if  necessary,  a  temperature  of  feed  water  at  the  outlet  of  the  economizer 
6  is  actually  measured  and  the  more  exact  value  may  be  obtained  by  using  the  Mollier  Chart  on  the  basis  of 
the  measured  temperature  and  the  steam  pressure  P. 

From  the  equations  (9),  (10)  and  (11),  the  following  equation  is  given: 

p  =  - L -   [-y  -  2  +  -  Q<*> 
*  V  1  y  h"  (P)  -  h'  (P) 

Gww{H_rn  -  h'  CP)  > 
. .   &m  i  (12) +  h"  (P)  -  h'  (P)  J  . . . . . . . . . .  

The  equation  (12)  is  rewritten  as  follows: 

P  =  K4(-y   -  z)  +  Kg-C^x)  -  Kg  „ . . . „ . . . , „ . ,   (13) 

where  K4,  K5  and  K6  are  model  parameters  which  are  defined  as  follows: 

K,  =  - i -   . . . . . . . . . .   (14) 

K5  *  V  h"  (P)  -  h'  (P)  . . . . . . . . . .   (15)  

GwwCh'  (P)  -  HECQ} 
K6  =  V lh - (P )   -  h'  (P)i  . . . . . . . . . .   (16) 
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rom  the  equation  (13), 
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"he  steam  flow  rate  z  of  the  super  heater  bypass  valve  9  has  the  following  inherent  property: 

z  >  0  (18) 

"herefore,  substituting  the  equation  (17)  into  the  relation  (18), 

P  <  "K4-y  +  K5-Q(x)  -  K6  (19>-  

From  the  above,  the  function  of  the  plant  characteristic  arithmetic  unit  41  is  to  solve  a  problem  of  the 
mathematical  programming  as  follows: 

r   T  =  - K ^ y   +  K2-TH(x)  -  K3  (5) 

)  p  1  -K4 'y   +  K5-Q(x)  -  Kg  '.  (19)  

x  >  x  .  (20) 
=  n u n  

y  >  y  .  (21) 

vjamely,  the  minimum  value  x  which  satisfies  the  conditions  of  the  above  equations  is  solved  and  with 

respect  to  the  minimum  value  x,  the  values  y  and  z  are  sought  from  the  conditions  (5)  and  (17).  The 

solutions  of  this  problem  are  graphically  represented  in  Fig.  1 2 . .  
Rg  12  is  a  g?aph  showing  the  solutions  of  the  above-described  calculation  of  the  p̂lant  charactenst^ 

arithmetic  unit.  The  abscissa  of  the  graph  denotes  the  fuel  replenishment  x  and  the  ordinate  thereof 
denoTes  he  steam  flow  rate  y  of  the  turbine  bypass  valve  1  0.  The  line  B1  denotes  the  m.n.mum  value  ym,n  of 

he  sfearflow  rate  of  the  turbine  bypass  valve  10  and  the  line  B2  denotes  the  lower  jm,  o  the  .  fuel 

replenishment.  The  curve  B3  corresponds  to  the  rewritten  equation  derived  from  the  relation  (19),  that  is, 

K-  P  +  Kfi 

Also,  the  curve  B4  is  the  rewritten  equation  derived  from  the  equation  (5),  that  is: 
* 

K2  T  +  K3 
y  =  

-j^—  
•  TH(x)  j q  

The  set  of  solutions  meeting  the  above-descnoea  conaitions  are  present  on  uib  uui  vc  d4  wiuim  m««.»™ 
region  defined  by  the  curve  B3  and  the  lines  B1  and  B2.  In  this  case,  the  optimum  solution  is  designated  by 
the  point  D . .   A„ 

so  Thus,  the  explanation  of  the  calculation  in  the  plant  characteristic  arithmetic  unit  41  has  been 
completed.  Subsequently,  the  operation  of  the  optimum  operation  arithmetic  unit  40  will  be  explained  with 
reference  to  the  flowchart  shown  in  Fig.  13.  From  the  fact  That  TH(x)  is  a  monotone  increasing  function  of 
upward  convex  and  Q(x)  is  a  monotone  increasing  function  having  only  one  point  of  inflection  (at  which  the 
secondary  differential  coefficient  becomes  zero),  the  calculation  of  the  plant  characteristic  arithmetic  unit 

55  41  is  conducted  in  order  shown  in  Fig.  13  to  thereby  obtain  the  optimum  solution.  First  of  all,  there  are 
inputted  the  steam  temperature  change  rate  T,  the  steam  pressure  change  rate  P  obtained  by  the  desired 
change  rate  arithmetic  unit  30,  the  value  P  detected  by  the  steam  pressure  detector  11,  and  the  value  T 
detected  by  the  steam  temperature  detector  25  (step  S,).  Subsequently,  based  upon  the  values  P  and  T,  the 

parameters  K„  K2,  K3,  K4,  K5,  and  K6  are  calculated  out  of  the  equations  (6),  (7),  (8),  (14),  (15)  and  (16)  (step 

60 
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>2).  By  using  these  parameters,  the  solution  (x0,  y0)  of  the  following  simultaneous  equations  is  obtained 
step  S3). 

"  y  =  y  

rH(x )  - K —  

Subsequently,  the  j  pairs  of  solutions  (x1f  Vl),  (x2,  y2)  ...  (x„  y.)  of  the  following  simultaneous  equauons  are 

obtained  (step  S4). 

'5 
K, TH(x) 

r  +  k3  

20 
Y  -  

e  +  . 
Q(x)  -  

*4 

25  Further,  a  pair  of  solution  (xj+n,  yj+1)  of  the  following  simultaneous  equations  are  sought  (step  S6). 

x  =  x  UU.ll 

30 

35 

40 

45 

50 

y  = 
*1 TH(x) 

When  the  solutions  are  given  through  the  above-described  steps,  the  solutions  xn,  x2,  ...  ,  Xj  ana  xJt1  are 
rearranged  in  order  of  increasing  magnitude,  the  minimum  one  is  picked  up  and  the  minimum  solution  is 
assigned  with  suffix  n  to  provide  the  new  value  x„  (step  S6).  The  picked-up  value  xn  is  to  be  compared  as  to 
whether  xn  is  equal  to  or  more  than  xm(n  or  not  (step  S7).  When  the  value  xn  is  less  than  xmin,  the  next  greater 
value  than  the  value  xn  picked  up  in  the  step  S6  from  the  values  x1(  x2,  ...  ,  xf  and  xj+1  is  picked  up  and 
assigned  as  a  new  value  xn  (step  S8).  The  new  value  xn  picked  up  in  the  step  S8  is  again  compared  with  the 
value  xmIn  (step  S7).  Thus,  the  operation  of  the  steps  S7  and  S8  are  repeated  until  the  value  xn  exceeds  the 
minimum  value  xmln.  When  the  minimum  value  x„  exceeding  the  value  xmln  is  obtained  in  the  step  S7,  a 
value  y  corresponding  to  the  above-described  minimum  value  xn  in  the  obtained  solutions,  that  is,  the 
value  yn  is  picked  up,  and  the  value  yn  is  compared  with  the  value  ymin  (step  S9).  If  the  value  y„  is  less  than 
the  value  ymin,  the  step  is  returned  again  to  the  step  S8,  and  then,  the  next  greater  value  than  the  above- 
described  minimum  value  xn  is  picked  up.  The  new  value  is  assigned  as  the  value  xn  and  the  steps  S7  and  Sg 
are  repeated.  Thus,  finally,  the  value  x„  which  is  the  smallest  value  x  of  the  solutions  equal  to  or  greater 
than  the  values  xmin  and  ymm,  and  the  value  yn  associated  with  the  value  xn  are  obtained.  Then,  the  solution 
(xn,  yn)  is  judged  whether  or  not  the  solution  meets  the  following  relation  (step  S10). 

Q(xn,  -  

55 
In  the  step  S10,  in  the  case  where  the  above  relation  is  not  satisfied,  returning  DacK  to  tne  step  s>8,  tne  sxeps 
S7,  S9  and  S10  are  repeated.  Then,  when  the  above  relation  is  met  in  the  step  S10,  the  calculation  is  advanced 
to  the  step  Sn  and  the  following  equation  is  calculated. 

60 { K 5 - Q ( x )   -  P  -  K6}  -  y r  
4 

By  the  calculation,  the  optimum  fuel  replenishment  xn,  the  steam  flow  rate  y„  of  the  turbine  bypass  valve  10 
and  the  steam  flow  rate  z  of  the  super  heater  bypass  valve  9  are  obtained.  Signals  c1f  d,  and  e,  each 

65  corresponding  to  the  values  x„,  z  and  yn  are  outputted  from  the  plant  characteristic  arithmetic  unit  41. 

iu 
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Referring  back  to  Fig.  6,  the  fuel  replenisnment  signal  c,  is  inpuueu  uuu  uic  iu.m,Um  y0,.^.a^.  -~ 
rhich  in  turn  outputs  an  opening  degree  command  value  of  the  fuel  flow  rate  regulating  valve  20.  In  this 

ase  since  it  is  safe  to  say  that  in  the  fuel  flow  rate  regulating  valve  20,  a  pressure  difference  between 

ressures  upstream  and  downstream  of  the  regulating  valve  20  is  kept  constant,  an  opening  degree 
Dmmand  signal  c2  for  the  fuel  flow  rate  regulating  valve  20  may  be  obtained  by  inputting  the  fuel 
>plenishment  signal  d  directly  into  the  function  generator  42.  On  the  other  hand,  since  the  valve  inlet 

ressures  of  the  super  heater  bypass  valve  9  and  the  turbine  bypass  valve  10  are  varied  in  accordance  with 

le  pressure  increases,  it  is  necessary  to  convert  the  degree  of  the  valves  9  and  10  in  view  of  these 
ariations.  For  this  reason,  the  pressure-flow  characteristics  of  the  respective  valves  9  and  10  are  once 
btained  and  then  the  opening  degrees  of  the  respective  valves  9  and  10  are  determined.  Namely,  the 

team  pressure  detected  by  the  steam  pressure  detector  11  is  inputted  into  the  function  generator  43,  so 
nat  the  inputted  value  is  converted  into  a  flow  rate  corresponding  to  its  magnitude  in  accordance  with  the 
haracteristic  shown  in  Fig.  8.  Therefore,  the  steam  flow  rate  of  the  super  heater  bypass  valve  9  obtained  by 
ie  plant  characteristic  arithmetic  unit  41  is  divided  by  the  flow  rate  converted  by  the  divider  44.  Thus,  a 
ort  area  value  which  is  necessary  for  the  super  heater  bypass  valve  9  is  outputted  from  the  divider  44.  The 

rea  value  is  inputted  into  the  function  generator  45  which  in  turn  outputs,  in  accordance  with  the 
haracteristic  shown  in  Fig.  9,  the  opening  degree  command  signal  d2  of  the  super  heater  bypass  valve  9 
eeded  to  obtain  the  actual  port  area.  In  the  same  manner,  the  flow  rate  corresponding  to  the  steam 

iressure  is  outputted  from  the  function  generator  46  in  accordance  with  the  characteristic  shown  in  Fig.  10. 

i  the  divider  47,  the  turbine  bypass  valve  flow  rate  signal  outputted  from  the  plant  characteristic 
rithmetic  unit  41  is  divided  by  the  above-described  flow  rate.  The  obtained  port  area  value  needed  for  the 
urbine  bypass  valve  10  is  inputted  into  the  function  generator  48  which  in  turn  outputs  the  opening  degree 
ommand  signal  e2  of  the  turbine  bypass  valve  10  needed  for  obtaining  the  port  area,  in  accordance  with 
he  characteristic  shown  in  Fig.  11.  Incidentally,  by  using  the  calculation  result  of  such  optimum  operation 
irithmetic  unit  40,  it  is  possible  to  output  an  alarm  signal  for  an  abnormal  state  and  to  obtain  history  data 

or  prediction  of  possible  service  l i f e . . .  
Thus,  the  construction  and  operation  of  the  optimum  operation  arithmetic  unit  40  have  been  explained. 

:inally,  the  construction  and  operation  of  compensation  arithmetic  unit  60  will  now  be  explained  with 
eference  to  a  systematic  view  shown  in  Fig.  14  and  a  characteristic  curve  shown  in  Fig.  15.  In  the 

:ompensation  arithmetic  unit  60,  the  opening  degree  command  signal  c2  of  the  fuel  flow  rate  regulator,  the 
mening  degree  command  signal  d2  of  the  super  heater  bypass  valve  9  and  the  opening  degree  command 
signal  e2  of  the  turbine  bypass  valve  10  which  are  obtained  in  the  optimum  operation  arithmetic  unit  40  are 
sompensated  to  the  opening  degree  command  signals  c2',  d2'  and  e2'  which  are  suitable  for  the  actual 
jpening  degrees  of  the  valves  20,  9  and  10,  respectively.  The  compensation  is  effected  by  the  pressure 
ncrease  rate  deviation  signal  fand  the  temperature  increase  rate  deviation  signal  g  based  upon  the  actual 
jressureand  temperature  of  steam  detected  by  the  steam  pressure  detector  1  1  and  the  steam  temperature 
J  Gt  set  or  25. 

The  pressure  increase  rate  deviation  signal  f  and  the  temperature  increase  rate  deviation  signal  g  are 
jbtained  by  the  aforesaid  differentiators  50  and  52  and  subtracters  51  and  53  shown  in  Fig.  1.  Namely,  the 
detected  value  of  the  steam  pressure  detector  1  1  is  inputted  into  the  differentiator  50  which  in  turn  outputs 
he  actual  pressure  increase  rate  signal.  This  pressure  increase  rate  signal  and  the  desired  pressure 
ncrease  rate  signal  b  from  the  desired  change  rate  arithmetic  unit  30  are  inputted  into  the  subtracter  51 
which  in  turn  outputs  the  pressure  increase  rate  deviation  signal  f  which  is  a  difference  signal 
therebetween.  In  the  same  manner,  the  steam  temperature  detected  by  the  steam  temperature  detector  25 

s  inputted  into  the  differentiator  52  which  in  turn  outputs  the  actual  temperature  increase  rate  signal,  and 
the  latter  signal  and  the  desired  temperature  increase  rate  signal  a  from  the  desired  change  rate  arithmetic 
unit  30  are  inputted  into  the  subtracter  53  which  in  turn  outputs  the  temperature  increase  rate  deviation 
signal  g  which  is  a  difference  signal  therebetween. 

Fig.  14  is  a  systematic  view  of  the  compensation  arithmetic  unit.  The  pressure  increase  rate  deviation 
signal  f  is  inputted  into  the  proportional  integrators  61  and  62  which  in  turn  output  their  proportionally 
integrated  values.  The  temperature  increase  rate  deviation  signal  g  is  inputted  into  the  proportional 
integrators  63  and  64  which  in  turn  output  their  proportionally  integrated  values.  The  signals  from  the 
proportional  integrators  61  and  63  are  inputted  into  the  subtracter  65  which  in  turn  outputs  a  difference 
therebetween.  By  an  adder  66,  the  opening  degree  command  signal  d2  of  the  super  heater  bypass  valve  9  is 
compensated  by  the  signal  from  the  subtracter  65.  The  signals  of  the  proportional  integrators  62  and  64  are 
added  by  an  adder  67.  By  an  adder  68,  the  opening  degree  command  signal  e2  of  the  turbine  bypass  valve 
10  is  compensated  by  the  signal  from  the  adder  67.  A  function  generator  69  is  provided  with  a  characteristic 
shown  in  Fig.  15.  The  signal  from  the  adder  68  is  inputted  into  the  function  generator  69  which  in  turn 
outputs  a  signal  corresponding  thereto.  As  adder  70  compensates  the  opening  degree  command  signal  c2 
of  the  fuel  flow  rate  regulating  valve  20  by  the  signal  of  the  function  generator  69. 

The  operation  of  the  above-described  compensation  arithmetic  unit  60  will  be  explained.  As  is 
apparent  from  the  foregoing  description,  any  of  the  opening  degree  command  signals  c2,  d2  and  e2 
obtained  by  the  optimum  operation  arithmetic  unit  40  is  obtained  by  simulating  the  plant  characteristic. 
Even  if  the  actual  plant  would  be  operated  by  using  such  opening  degree  command  signals  c2,  d2  and  e2, 
there  would  be  a  fear  of  deviation  in  initial  operation.  Therefore,  in  the  compensation  arithmetic  unit  60,  the 
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calculated  desired  temperature  and  pressure  increase  rates  and  the  deviation  signals  f  and  g  from  the 
actual  temperature  and  pressure  increase  rates  are  inputted  thereinto  and  the  opening  degree  command 
signals  c2,  d2  and  e2  are  compensated  in  order  to  reduce  the  deviation. 

By  the  way,  in  general,  if  the  turbine  bypass  valve  10  is  opened,  both  the  temperature  and  pressure 
5  increase  rates  are  decreased  but  if  the  super  heater  bypass  valve  9  is  opened,  the  temperature  increase  rate 

is  increased  while  the  pressure  increase  rate  is  decreased.  This  shows  that  in  the  case  where  the 
temperature  increase  rate  deviation  signal  g  and  the  pressure  increase  rate  deviation  signal  fare  intended 
to  be  reduced,  if  one  valve  is  corrected  by  one  deviation  signal,  that  is,  if  for  example,  the  opening  degree  of 
the  super  heater  bypass  valve  9  is  compensated  by  the  temperature  increase  rate  deviation  signal  g 

io  whereas  the  opening  degree  of  the  turbine  bypass  valve  10  is  compensated  by  the  pressure  increase  rate 
deviation  signal  /,  one  compensation  will  necessarily  effect  the  other  compensation  as  a  disturbance.  In 
order  to  reduce  or  suppress  such  disturbance  as  much  as  possible,  if  the  reduction  of  the  temperature 
increase  rate  is  desired,  it  is  necessary  to  keep  the  total  steam  flow  rate  at  constant  to  avoid  imparting  the 
outside  turbulence  to  the  pressure  increase  rate  by  closing  the  super  heater  bypass  valve  9  while  opening 

75  the  turbine  bypass  valve  10,  or  otherwise  if  the  reduction  of  the  pressure  increase  rate  is  desired,  it  is 
necessary  to  compensate  for  the  reduction  of  the  temperature  increase  rate  due  to  the  disturbance  by 
opening  the  turbine  bypass  valve  10  and  the  super  heater  bypass  valve  9  simultaneously.  In  view  of  such 
phenomenon,  the  compensation  arithmetic  unit  60  shown  in  Fig.  14  is  constructed. 

In  Fig.  14,  the  compensation  for  the  opening  degree  command  signal  d2  of  the  super  heater  bypass 
20  valve  9  is  conducted  in  the  following  manner.  Namely,  the  compensation  signal  based  upon  the  pressure 

increase  rate  deviation  signal  foutputted  from  the  proportional  integrator  61  and  the  compensation  signal 
based  upon  the  temperature  increase  rate  deviation  signal  g  outputted  from  the  proportional  integrator  63 
are  inputted  into  the  subtracter  65,  and  for  the  above-described  reason,  the  latter  compensation  is 
subtracted  from  the  former  compensation,  thereby  obtaining  the  compensation  signal  for  the  opening 

25  degree  of  the  super  heater  bypass  valve  9.  The  compensation  signal  from  the  subtracter  65  is  added  to  the 
opening  signal  command  signal  d2  in  the  adder  66  which  in  turn  outputs  the  corrected  opening  degree 
command  signal  d2'  for  the  super  heater  bypass  valve  9.  Also,  the  compensation  of  the  opening  degree 
command  signal  e2  of  the  turbine  bypass  valve  10  is  carried  out  in  the  following  manner.  Namely,  the 
compensation  signal  based  upon  the  pressure  increase  rate  deviation  signal  f  outputted  from  the 

30  proportional  integrator  62  and  the  compensation  signal  based  upon  the  pressure  increase  rate  deviation 
signal  g  outputted  from  the  proportional  integrator  64  are  inputted  into  the  adder  67.  For  the  above- 
described  reason,  both  the  compensations  are  added  thereby  obtain  the  opening  degree  compensation 
signal  for  the  turbine  bypass  valve  10.  The  compensation  signal  from  the  adder  67  is  added  to  the  opening 
degree  command  signal  e2  in  the  adder  68  which  in  turn  outputs  the  corrected  opening  degree  command 

35  signal  e2'  for  the  turbine  bypass  valve  10. 
Subsequently,  the  compensation  for  the  opening  degree  command  signal  c2  of  the  fuel  flow  regulating 

valve  20  will  be  described.  In  case  of  the  compensation  for  the  opening  degree  command  signals  d2  and  e2 
of  the  super  heater  bypass  valve  9  and  the  turbine  bypass  valve  10  as  described  above,  if  the  fuel  replenish- 
ment  is  also  simultaneously  compensated  for,  there  is  a  fear  that  the  compensation  operations  would 

40  interfere  with  each  other.  In  order  to  such  interference,  basically,  the  opening  degree  command  signal  c2 
obtained  by  the  optimum  operation  arithmetic  unit  40  is  used  without  any  modification  but  only  when  the 
opening  degree  of  the  turbine  bypass  valve  10  becomes  extremely  large  or  small,  the  fuel  replenishment  is 
reduced  or  increased.  Such  operation  is  determined  in  accordance  with  the  characteristic  of  the  function 
generator  69  shown  in  Fig.  15.  The  actual  opening  degree  command  signal  e2'  of  the  turbine  bypass  valve 

45  10  is  inputted  into  the  function  generator  69  which  in  turn  outputs  the  compensation  signal  only  when  the 
signal  e2'  is  extremely  large  or  extremely  small.  The  compensation  signal  is  added  to  the  opening  degree 
command  signal  c2  in  the  adder  70,  thereby  obtaining  the  corrected  opening  degree  command  signal  c2'  of 
the  fuel  flow  rate  regulating  valve  20. 

Thus,  the  opening  degree  command  signals  c2',  d2'  and  e2'  obtained  by  the  compensation  arithmetic 
so  unit  60  are  outputted  as  opening  commands  for  actually  operating  the  fuel  flow  rate  regulating  valve  20,  the 

super  heater  bypass  valve  9  and  the  turbine  bypass  valve  10,  respectively. 
The  operation  of  the  embodiment  has  been  explained  by  explaining  the  constructions  and  operations 

of  the  respective  units.  Finally,  the  operation  of  the  present  embodiment  will  be  summarized  in  conjunction 
with  Fig.  1  as  follows.  First  of  all,  the  values  set  in  the  s^ners  or  potentiometers  26,  27,  28,  and  29  as  well  as 

55  the  actually  measured  steam  pressure  and  temperature  detected  by  the  steam  pressure  and  temperature 
detectors  11  and  25  are  inputted  into  the  desired  change  rate  or  degree  arithmetic  unit  30.  The  desired 
pressure  increase  rate  signal  b  is  calculated  in  and  outputted  from  the  arithmetic  unit  30  on  the  basis  of  the 
steam  pressure,  the  desired  pressure  increase  rate  set  in  the  potentiometer  26  and  the  saturated 
temperature  change  range  limit  set  in  the  potentiometer  28  (in  view  of  the  thermal  stress  of  the  steam 

so  separator  4  having  a  greater  thickness).  Also,  the  desired  temperature  increase  rate  signal  a  is  calculated  in 
and  outputted  from  the  arithmetic  unit  30  on  the  basis  of  the  steam  temperature,  the  desired  temperature 
increase  rate  set  in  the  potentiometer  27  and  the  temperature  increase  limit  set  in  the  potentiometer  29  (in 
view  of  the  thermal  stress  of  the  super  heater  outlet  header  having  a  greater  thickness). 

Inputted  into  the  optimum  operation  arithmetic  unit  40  are  the  desired  temperature  increase  rate  signal 
65  a,  the  desired  pressure  increase  rate  signal  6,  and  the  actually  measured  steam  pressure  and  temperature 

12 
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by  which  obtained  are  predetermmea  numerical  expressions,  um  me  uaoio  u . .   ~  ~' 
solving  such  numerical  expressions,  the  thermal  stress  at  the  thicker  portions  are  suppressed  and  the 

starting  operation  is  accomplished  in  a  short  period  of  time.  At  the  same  time,  the  optimum  fuel  replenish- 
ment,  the  super  heater  bypass  valve  steam  flow  rate  and  the  turbine  bypass  valve  steam  flow  rate  are 
determined  so  as  to  reduce  the  starting  loss.  These  values  are  converted  into  the  opening  degree  of  the  fuel 

flow  regulating  valve  20,  the  opening  degree  of  the  super  heater  bypass  valve  9  and  the  opening  degree  of 

the  turbine  bypass  valve  10,  respectively.  Corresponding  thereto,  the  arithmetic  unit  40  outputs  the 

opening  degree  command  signals  c2,  d2  and  e2. 
The  differentiators  50  and  52  output,  respectively,  the  change  rates  or  degrees  of  the  steam  pressure 

•  and  temperature  detected  by  the  steam  pressure  detector  1  1  and  the  steam  temperature  detector  25,  that 

is,  the  actual  pressure  and  temperature  increase  rates.  These  pressure  and  temperature  increase  rates  are 

compared  with  the  calculated  desired  pressure  and  temperature  increase  rate  signals  b  and  a  by  the 
subtracters  51  and  53  which  in  turn  output  the  pressure  and  temperature  increase  rate  deviation  signals  t 
and  g  which  are  differences  therebetween,  respectively, 

i  The  compensation  arithmatic  unit  60  compensates,  without  any  outside  turbulence,  for  the  opening 
degree  command  signals  c2,  d2  and  e2  outputted  from  the  optimum  operation  arithmetic  unit  40  on  the 

basis  of  the  above  described  pressure  and  temperature  increase  rate  deviation  signals  f  and  g  and  outputs 
the  compensated  opening  degree  command  signals  c2',  d2'  and  e2'.  In  accordance  with  these  opening 
degree  command  signals  c2',  d2'  and  e2\  the  fuel  flow  rate  regulating  valve  20,  the  super  heater  bypass 

,  valve  9  and  the  turbine  bypass  valve  10  are  operated  for  attaining  their  purposes,  respectively. 
As  described  above,  in  accordance  with  the  embodiment,  calculated  are  the  desired  steam  pressure 

and  temperature  values  on  the  basis  of  the  steam  pressure,  the  steam  temperature  and  the  values  set  in  the 

potentiometers  such  as  the  desired  pressure  increase,  the  desired  temperature  increase,  the  saturated 

temperature  change  rate  limit  and  the  temperature  increase  rate  limit.  Then,  the  optimum  opening  degree 

«  command  signals  for  the  fuel  flow  rate  regulating  valve,  the  super  heater  bypass  valve  and  the  turbine 

bypass  valve  are  calculated  on  the  basis  of  the  desired  steam  pressure  and  temperature  values,  thereby 
operating  the  opening  degrees  of  these  valves  with  compensations  for  the  respective  opening  degree 
command  signals.  Accordingly,  in  the  starting  operation  of  the  boiler,  it  is  possible  to  accomplish  the 

starting  operation  for  a  short  period  of  time  and  to  reduce  the  starting  loss  while  suppressing  the 

0  generation  of  thermal  stress  in  the  steam  separator  or  the  super  heater  outlet  header. 
Fig  16  is  a  systematic  view  of  a  part  of  a  boiler  starting  operation  controlling  apparatus  in  accordance 

with  another  embodiment  of  the  present  invention,  which  comprises  a  desired  pressure  .ncrease  setter  or 
potentiometer  26,  a  desired  temperature  increase  setter  or  potentiometer  27,  and  a  desired  change  rate  or 
degree  arithmetic  unit  30  which  are  the  same  as  those  shown  in  Fig.  1  .  Inner  and  outer  metal  temperatures 

j5  of  steam  separator  4  are  detected  by  temperature  detectors  75  and  76,  respectively.  Reference  numeral  79 

denotes  a  supervisory  control  unit  for  the  thermal  stress  in  the  steam  separator  and  80  denotes  a 
supervisory  control  unit  for  the  thermal  stress  in  the  super  heater  outlet  header.  What  is  different  from  the 
first  embodiment  is  that  in  the  first  embodiment  the  saturated  temperature  change  rate  limit  and  the 

temperature  increase  rate  limit  are  set  in  the  potentiometers  28  and  29  and  inputted  into  the  arithmetic  unit 

m  30  for  desired  degrees  of  change,  whereas  in  the  second  embodiment,  the  saturated  temperature  change 
rate  limit  and  the  temperature  increase  rate  limit  are  inputted  into  the  arithmetic  unit  30  for  desired  degrees 
of  change  by  another  means.  Except  for  this  point,  the  operation  of  the  second  embodiment  is  the  same  as 
that  of  the  first  embodiment. 

The  inner  and  outer  metal  temperatures,  detected  by  the  temperature  detectors  75  and  76,  of  the  steam 

45  separator  4  are  inputted  into  the  supervisory  control  unit  79.  The  latter  unit  79  always  calculates  the  thermal 

stress  generated  in  the  greater  thickness  portion  of  the  steam  separator  4  on  the  basis  of  the  detected 

temperatures  and  outputs  a  suitable  saturated  temperature  change  rate  limit  in  accordance  with  the 
generated  thermal  stress.  In  the  same  manner,  the  inner  and  outer  metal  temperatures,  detected  by  the 

temperature  detectors  77  and  78,  of  the  super  heater  outlet  header  are  inputted  into  the  supervisory  control 

so  unit  80  which  in  turn  always  calculates  the  thermal  stress  generated  in  the  greater  thickness  portion  of  the 

super  heater  outlet  header  on  the  basis  of  these  temperatures  and  outputs  a  suitable  temperature  increase 
limit  in  accordance  with  the  generated  thermal  s t r e s s . .  

Thus,  in  accordance  with  the  second  embodiment,  the  temperature  detectors  for  detecting  the  inner 
and  outer  metal  temperatures  of  the  greater  thickness  portion  of  the  steam  separator  and  the  supervisory 

55  control  unit  for  the  thermal  stress  of  the  steam  separator  and  used  instead  of  the  saturated  temperature 
change  rate  limit  setter  or  potentiometer  used  in  the  first  embodiment,  and  the  temperature  detectors  for 

detecting  the  inner  and  outer  metal  temperatures  of  the  greater  thickness  portion  of  the  super  heater  outlet 
header  and  the  supervisory  control  unit  for  the  thermal  stress  of  the  super  heater  outlet  header  are  used 

instead  of  the  temperature  increase  rate  limit  setter  or  potentiometer  used  in  the  first  embodiment. 

so  Therefore,  in  accordance  with  the  second  embodiment,  not  only  the  same  effect  as  that  of  the  first 
embodiment  may  be  obtained  but  also,  in  the  case  where  the  thermal  stress  is  small,  it  is  possible  to 
perform  a  more  rapid  starting  operation  and  in  the  case  where  the  thermal  stress  is  abnormally  high,  it  is 
possible  to  obtain  the  saturated  temperature  change  rate  limit  and  the  temperature  increase  rate  limit  by 
which  the  temperature  and  pressure  increase  are  made  moderate. 

65  As  described  above,  in  accordance  with  the  present  invention,  the  desired  temperature  and  pressure 
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increase  rates  are  calculated  on  the  basis  of  the  detected  steam  pressure  and  temperature,  the  desired 
pressure  and  temperature,  the  saturated  temperature  change  rate  limit  and  the  temperature  increase  rate 
limit,  the  opening  degrees  of  the  valve  for  controlling  the  fuel  flow,  the  valve  for  bypassing  the  steam  from 
the  super  heater  and  the  valve  for  bypassing  the  steam  from  the  super  heater  to  the  portion  other  than  its 
primary  supply  component  are  calculated  on  the  basis  of  the  desired  values  and  the  steam  pressure  and 
temperature,  and  further,  the  opening  degrees  are  suitably  compensated  for.  Accordingly,  it  is  possible  to 
perform  the  boiler  starting  operation  in  a  short  period  of  time  and  to  reduce  the  starting  loss  while 
suppressing  the  generation  of  the  thermal  stress  in  the  greater  thickness  portions  of  the  boiler. 

Claim 

An  apparatus  for  controlling  a  starting  operation  of  a  boiler  comprising  a  superheater,  said  apparatus 
comprising: 

a  superheater  bypass  valve  (9)  for  bypassing  steam  along  said  superheater  (5); 
a  turbine  bypass  valve  (10)  for  bypassing  steam  along  a  turbine  (7); 
a  valve  (20)  for  regulating  a  fuel  flow  to  be  supplied  to  a  burner  (2)  heating  said  boiler; 
temperature  detecting  means  (25)  for  detecting  a  temperature  of  the  steam  at  a  predetermined  portion 

of  the  boiler; 
pressure  detecting  means  (11)  for  detecting  a  pressure  of  the  steam  at  said  predetermined  portion  of 

the  boiler; 
characterized  in  that  said  apparatus  comprises  further: 
first  arithmetic  means  (30)  for  calculating  a  desired  steam  temperature  change  rate  value  (a)  and  a 

desired  steam  pressure  change  rate  value  (b),  which  are  required  for  suppressing  thermal  stress  to  be 
generated  in  predetermined  structural  portions  of  the  boiler,  on  the  basis  of  said  steam  temperature,  said 
steam  pressure,  a  desired  pressure  increase  value  (26),  a  desired  temperature  increase  value  (27),  a 
saturated  temperature  change  rate  limit  (28),  and  a  temperature  increase  change  rate  limit  (29);  and  second 
arithmetic  means  (40)  for  calculating  operational  amounts  of  said  superheater  bypass  valve  (9),  said 
turbine  bypass  valve  (10)  and  said  valve  for  regulating  the  fuel  flow  (20),  respectively,  on  the  basis  of  said 
steam  temperature,  said  steam  pressure,  said  desired  steam  temperature  change  rate  value  and  said 
desired  steam  pressure  change  rate  value  obtained  by  said  first  arithmetic  means  (30);  and 

compensation  means  (60)  for.compensating  for  the  respective  operational  amounts  obtained  by  said 
second  arithmetic  means  (40),  on  the  basis  of  the  change  rate  of  said  steam  temperature  (52)  and  the 
change  rate  of  said  steam  pressure  (50). 

Patentanspruch 

Vorrichtung  zum  Uberwachen  des  Anfahrens  eines  einen  Uberhitzer  aufweisenden  Kessels, 
umfassend: 

ein  Qberhitzer-BypaSventil  (9)  zur  BypalSleitung  von  Dampf  entlang  dem  Uberhitzer  (5); 
ein  Turbinen-Bypafcventil  (10)  zur  BypalSleitung  von  Dampf  entlang  einer  Turbine  (7); 
ein  Absperrorgan  (20)  zur  Regelung  eines  Brennstoffstroms,  der  einem  den  Kessel  erhitzenden 

Brenner  (2)  zugefiihrt  wird; 
einen  Temperaturfuhler  (25),  der  eine  Temperatur  des  Dampfs  an  einem  vorbestimmten  Abschnitt  des 

Kessels  milSt; 
einen  Druckfuhler  (11),  der  einen  Druck  des  Dampfs  an  dem  vorbestimmten  Abschnitt  des  Kessels 

rniBt; 
dadurch  gekennzeichnet,  daS  die  Vorrichtung  aulSerdem  umfalSt: 

eine  erste  Recheneinheit  (30)  zum  Errechnen  eines  Solldampftemperatur-Anderungsgeschwindigkeits- 
werts  (1)  und  eines  Solldampfdruck-Anderungsgeschwindigkeitswerts  (b),  die  zur  Unterdriickung  der 
Erzeugung  von  Warmebeanspruchungen  in  vorbestimmten  Konstruktionsabschnitten  des  Kessels  benotigt 
werden,  auf  der  Basis  der  Dampftemperatur,  des  Dampfdrucks,  eines  Soll-Druckerhohungswerts  (26),  eines 
Soll-Temperaturerhohungswerts  (27),  eines  Sattigunnstemperatur-Anderungsgeschwindigkeitsgrenzwerts 
(28)  und  eines  Temperaturerhohungs-Anderungsgeschwindigkeitsgrenzwerts  (29);  und 

eine  zweite  Recheneinheit  (40)  zum  Errechnen  von  BetriebsgrolSen  des  Uberhitzer-BypalSventils  (9), 
des  Turbinen-BypaBventil  (10)  und  des  Absperrorgans  (20)  zur  Brennstoffregelung  auf  der  Basis  der 
Dampftemperatur,  des  Dampfdrucks,  des  Solldampftemperatur-Anderungsgeschwindigkeitswerts  und  des 
Solldampfdruck-Anderungsgeschwindigkeitswerts  von  der  ersten  Recheneinheit  (30);  und 

eine  Ausgleichseinheit  (60)  zum  Ausgleich  der  jeweiligen  von  der  zweiten  Recheneinheit  (40)  erhal- 
tenen  BetriebsgrdSen  auf  der  Basis  der  Anderungsgeschwindigkeit  der  Dampftemperatur  (52)  und  der 
Anderungsgeschwindigkeit  des  Dampfdrucks  (50). 

14 
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Revendication 

Appareil  pour  commander  une  operation  de  demarrage  d'une  chaudiere  comprenant  un  surchauffeur, 
ledit  appareil  comprenant: 

5  une  valve  de  derivation  de  surchauffeur  (9)  servant  a  deriver  la  vapeur  le  long  dudit  surchauffeur  (5); 
une  valve  de  derivation  de  turbine  (10)  servant  a  deriver  la  vapeur  le  long  d'une  turbine  (7); 
une  valve  (20)  servant  a  reguler  un  ecoulement  de  carburant  devant  etre  fourni  a  un  bruler  (2)  chauffant 

ladite  chaudiere; 
un  moyen  de  detection  de  temperature  (25)  servant  a  detecter  la  temperature  de  la  vapeur  en  une 

io  partie  predeterminee  de  la  chaudiere; 
un  moyen  de  detection  de  pression  (11)  servant  a  detecter  la  pression  de  la  vapeur  au  niveau  de  ladite 

partie  predeterminee  de  la  chaudiere; 
caracterise  en  ce  que  ledit  appareil  comprend  en  outre: 
un  premier  moyen  arithmetique  (30)  servant  a  calculer  une  valeur  de  vitesse  de  modification  de 

15  temperature  de  vapeur  desiree  (a)  et  une  valeur  de  vitesse  de  modification  de  pression  de  vapeur  desiree 
(b)  qui  sont  necessaires  pour  eliminer  les  contraintes  thermiques  pouvant  etre  generees  dans  des  parties 
structurelles  predetermines  de  la  chaudiere  sur  la  base  de  ladite  temperature  de  vapeur,  de  ladite  pression 
de  vapeur,  une  valeur  d'augmentation  de  pression  desiree  (26)  une  valeur  d'augmentation  de  temperature 
desiree  (27),  une  limite  de  vitesse  de  modification  de  temperature  saturee  (28),  et  une  limite  de  vitesse  de 

20  modification  d'augmentation  de  temperature  (29),  et  un  deuxieme  moyen  arithmetique  (40)  servant  a 
calculer  des  quantites  fonctionnelles  de  ladite  valve  de  derivation  de  surchauffer  (9),  ladite  valve  de 
derivation  de  turbine  (10)  et  ladite  valve  servant  a  reguler  I'ecoulement  de  carburant  (20),  respectivement, 
sur  la  base  de  ladite  temperature  de  vapeur,  de  ladite  pression  de  vapeur,  de  ladite  valeur  de  vitesse  de 
modification  de  temperature  de  vapeur  desiree  et  de  ladite  valeur  de  vitesse  de  modification  de  pression  de 

25  vapeur  desiree  obtenue  par  ledit  premier  moyen  arithmetique  (30),  et 
un  moyen  de  compensation  (60)  servant  a  conipenser  les  quantites  fonctionnelles  respectives 

obtenues  par  ledit  deuxieme  moyen  arithmetique  (40),  sur  la  base  de  la  vitesse  de  changement  de  ladite 
temperature  de  vapeur  (52)  et  de  la  vitesse  de  changement  de  ladite  pression  de  vapeur  (50). 
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