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 --------------------------------------------------------------------------
  Machine type   : fourdrinier wire + on-top wire.
  Wire width       :  5,800 mm.
  Machine speed :   max.   1,200m/min.
  Production rate :     ≈  500 ton/day.
  Products : printing papers, light weight coated papers.
  Basis weight  :  45 – 160 g/m2

  Paper ash content range  :  8 – 20 %
  Online Intelligent Sensors  :
                    :  Retention sensor
                    :  Charge sensor      etc.
 ----------------------------------------------- -- -----------------------

    Kure Mill : No.5 paper machine. (wire part)



 Stabilize the filtration conditions
                                             of a paper machine.
         ・ filtrated white water consistency
      ・ total retention of the wire-part

 Stabilize the operation
            and
      the quality of
          the paper products.

  The purpose of the “Retention Control”.
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 ∗  Retention values (on average)
       Rpulp ≈ 70 %  Rash ≈ 40 %
  　 Rtotal ≈ 60 %   wire part



     Low consistency pulp and ash sensor
        ( Metso Automation/Finland : RMi )

・Optical sensor.
・CPU unit.

∗  not only to use for only
    the monitoring sensor
  but also use for
 available control system.

・Total conc. 1.5%↓

・Ash conc.   0.8%↓

・2 systems.
        (HB & WW)
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     Low consistency pulp and ash sensor
        ( Metso Automation/Finland : RMi )



   DCS Operation Room (Kure Mill : No.5 paper machine)



 Paper ash content(R=±0.5%)

    No  retention control

 WW total consistency(R=±0.025%)

  Polymer dosage(constant)
  Machine speed
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 PI Controller 
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 Ash(filler) 
    Quantity  

  
 Web Ash content control 

 
 Web Ash content  

    SV-value 

  
 Ash control  

   
WW conc. 

 SV-value 
  
Quality Sensor  

������������������������������

������������������������������Conc sensor 
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    Interaction with PI-feedback control



 Polymer dosage WW consistency

 Retention control

   Ash  flow  Paper ash
  content

 QCS：Paper ash control

operation response

 PI control

 QCS Control

!!  InteractionInteraction !!
start vibration
    and divergence !!!

      ex. Cause of the vibration by mutual interaction.



 strong InteractionInteraction
       “Retention PI-control” ( WW consistency ) of DCS
                   and
       “Paper Ash content control”
                                                of QCS (Quality Control System)

    conventional ““PI-controlPI-control””
                                              + + ““Decoupling controlDecoupling control””..

 -- Method of approach --

 -- Problems --



  
 --------------------------------------------------------------------------
   control item        Quality Sensor control          WW total
   operation                    Ash content                            consistency
 --------------------------------------------------------------------------

 Ash flow

 
 Polymer dosage 

 --------------------------------------------------------------------------
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  Transfer functions of the process
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   Decoupling control



Ash(filler) 

 
 Paper machine  
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     PI-control + Decoupling control



   Decoupling control elements “C1” and “C2”

 -------------------------------------------------------------------------------
  Strategies to “Robust” and “Simplify” the Decoupling Controller …...
 -------------------------------------------------------------------------------
    ① “Steady-State Controller”.

 -------------------------------------------------------------------------------
    ② “Partial Decoupling controller”.

 -------------------------------------------------------------------------------
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         PI-control + Decoupling control

    Polymer dosage

   WW total consistency

    Paper ash content



(1) Machine speed

(2) Basis weight

(3) Broak quantity
(4) Web ash content

(5) Ash flow

(6) WW total conc.
(7) Polymer dosage
(8) Couch vacuum

     Control　ON     Control　ON

  1Hr.
12Hr

     Control　OFF     Control　OFF

12Hr.

      (1)                                                                                                (1)

       (2)                                                                                                              (2)
                                                                      (3)
                          (4)                                                     (3)                            (4)                                         (4)

                                      (5)                                            (5)                                           (3)                                (3)
                                             (6)                                 (8)                                                                (5)
                                                          (6)(8)
                                        (8)                                                                                                             (6)
                     (8)                               (3)                                        (8)                                                         (7)
                                      (7)                                                                (7)                                              (8)

  PI-control + Decoupling control result

 Stabilize the total consistency, ash flow of the wet-end section of a paper machine,
                               and the ash content of the paper products.

To alleviate the interaction problem,
                  utilized a “decoupling controller” together with the “PI feed-back controller”.



 

 -------------------------------------------------------------------------- 
                                         Before    After     Reduction (%)
 --------------------------------------------------------------------------
  WW consistency(%)     0.015     0.006        ▼59 %
 
 --------------------------------------------------------------------------
  Paper ash content (%)   0.13       0.10          ▼21 %
 
 --------------------------------------------------------------------------
  Ash flow (liter/min.)     9.49       7.56          ▼20 %
 --------------------------------------------------------------------------

    control result  ( 1sigma : standard deviation )

    Summary

 END
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