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ABSTRACT

Analysis of the elements affecting short circulation in highly integrated paper
mills and identification of the interactions among these elements are very important
tasks to prevent operational perturbations such as web breaks. In the present work
a dynamic model for the short circulation is developed to analyze tuning methods
for the outputs to follow set points during grade change operations. Steady state
operation data are used to investigate dynamic characteristics of responses for input

changes.
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(1]
Qs : head boxol Al wire®2 W7te +%, £/min
Q : WEe I HFHEH F%), £/min
Qo : thick stock®] %, ¢/min
Q: : filler®] #%, ¢/min

Vw : BZF %, £/min

Qr : retention aid %, #/min
Head box % Cs= QoCo+ 02C2+ Oy
Qs

(2]
Cs : head box¥ ¥%, %
Co : thick stock® &, %
C: :silod FE, %
Ce : filler? &%, %

Head box ash content : Xz = QoCoXoat Q202X+ Oy

0Cs
(31
Xa  : head box® ash content, %
Xoa : thick stock®] ash content, %
X2a ° silo®] ash content, %
W 4C1_0.C-0:Cs-0C
dt Vs
(4]
Gt ¥y %, %
Qs  : short circulation°l ¥ wire’doll @ol 9lE &%, £/min
Cs  : short circulation®] ¥ wire’dell 2ol A& =%, %
Q . short circulation® A silo® EolA+= FZ (M F2), ¢/min

Vs : wired 714 tanke #3914
99 W A wirede EI(VS)e HAZ 7] "iEed 1 Z7E ‘17 2
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C Ci . o
Cy! C2 Qo C2 Qo
X ={v' |=4|V |+B|Co | , Y=C|V |+D|Co |=CX+DU
Xia' Xia Xoa Xia Xoa
XZa'_' Xz X2a
GuGnGis
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Y(S)=]GuGn G || Co |=G(SYU(S)
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Gs1G52 Gs3
A AxbE 2ok

o 4H ¥z BYeA CE 99 #¥olm DE P2 UYE ¥
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(15]
A Gi(S)e Thew o] Fojhrh

_3.078 8’ +1.544 S - 4.441e-009
" S’ +4.91e004 S* + 3689 S

_ 6.235e-008 S” + 1.514 S - 5.121e-009
S® +4.91e004 S* + 3689 S

Gll

G, = 0.85
S
_ -8.646 S' - 4.246e005 S’ - 2.442¢005 S° - 8610 S + 0.01536
8’ +9.819¢004 S* +2.41e009 S’ +2.717¢008 S’ + 6.805¢006 S

_ -4.12e-006 S* -4.907 S* - 2.31005 S* - 8720 S + 0.01807
S +9.819¢004 S* +2.41e009 §° +2.717e008 S* + 6.805¢006 S

B 5890 S + 2951
2782 +491e004 S + 3689
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Gn=g Py
S? +4.91e004 S + 3689

G, =0

_ -1.502¢004 S’ - 7.377¢008 S* - 4.268¢008 S - 1.388¢007
2764 +9.819¢004 S° +2.41e009 S? +2.717e008 S + 6.805¢006

Gu. = -8235S* - 4.043e008 S - 1.388¢007
27 8% +9.819¢004 S +2.41€009 S” + 2.717¢008 S + 6.805¢006

G;=0
G, =0
G,; =0

_6.393e004 S + 1.601004
¥ 82 +4.91e004 S + 1845

~ 1.601e004
¥ 82 +491e004 S + 1845
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Table 1. Description of major variables

Section Thick tock |Filler{ S.W. |R.aid| Head box| White water Silo
Flow( ¢ /min) Qo Q | Viw|Ve| @ Q. Q Q| Q
Cons.(%) Co Ct Cs Ci Co
Ash(%) Xo0a Xa Xia X2a

(Cons.:Consistency, Ash:Ash content, S.W.:Supplementary water, R.aid:Retention aid)

Table 2. Data used in the siinulation

Section Thick stock R.aid Filler S.W. To press
Flow |Cons.|Ash| Flow Flow |Cons.|V'w | Vu | Flow |Cons.|Ash

Data | (#Z/min)| (%) [(%)|(£/min)|(£/min)| (%) | (£){(£)|(£/min)| (%) |(%)
5890 3.39 |0.15| 804 97 35 15001000 1053 20 102

(Cons.:Consistency, Ash:Ash content, S.W.:Supplementary water, R.aid:Retention aid)

Vi G

Q: Cz2 Xz
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Qo, step change
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Figure. 4 . Step responses of the flow Qo

CO, step change
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Figure. 5 . Step responses of the consistency Co
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H0a, step change
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