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Dynamics of the Wet-end Section in Paper Mills
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Abstract—A mode representing the wet-end section of a paper mill has been developed to characterize its dynamic
behavior during the grade change. The model is based on the mass balance relationships written for the smplified wet-
end white water network. From the linearization of the dynamic model, higher-order Laplace transfer functions were
obtained followed by the reduction procedure to give simple lower-order models in the form of 1%-order or 2™-order
plus dead times. The dynamic response of the wet-end is influenced both by the white water volume and by the level
of wire retention. Effects of key manipulated variables such as the thick stock flow rate, the ash flow rate and the
retention aid flow rate on the mgjor controlled varigbles were analyzed by numerical simulations. The smple dynamic
model developed in the present study can be effectively used in the operation and contral.
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INTRODUCTION

Theformation of asheet of pgper isa continuous processin which
cdlulose fibers fines, fillers and additives form a network that is
then pressed and dried. The three-dimendgond network is formed
by the mechanical entanglement of the fibers and by the chemica
interactions between the different pulp fractions. The complexity
of the wet-end sysem of a paper mill is not readily apparent. The
increased dringent environmental demands on paper production
have led to the use of more closed wet-end sysems with consder-
able materid recirculdion. It is possible to operate a paper machine
uccessfully without a detailed understanding of how the changes
in one part of the system will affect the other parts of the system.
But, when operationd troubles arise, it is necessary to interpret plant
data correctly and to cross check the normd operating condiitions
of the plant. It is hepful to have current information on a particular
system a hand when required, rather than to rely on spot sampled
datawith rdativey low rdiability. A dynamic modd can be apow-
erful tool to provide reliable data for a particular section being con-
Sdered. Apart from the process control and trouble-shooting for
the wet-end section, the dynamic model can be an essentid todl in
the design of new systems and in the modification of existing sys-
tems[Yeo et d., 2003], asswdl asin the andyds of process variables
and in the identification of the effect of various additives on the dy-
namic behavior of the sysem.

Smple white water materia baances for the wet-end sysem were
proposed to compute equilibrium concentrations of solid compo-
nents [Mardon and Serenius, 1971; Yeo et d., 2004]. A Smple mod-
el of thiskind can be usad to check the abnormdity of the present
operationd gatus With rapid development and gpplication of vari-
ous computer operation-aid sysems, the operation of the plant is
monitored and controlled onHline and the steedy-gate modd can find
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itsuse only in very redricted area. Invedtigations on dynamics of the
short circulaion system with condtant retentions were reported [Nor-
man, 1990]. During the operation, retention changes due to machine
peed changes, badsweight changes and retention aid changes. Re-
tention changes have greet effect on basis weight and ash percent-
age controls. However, there is no physicaly based dynamic modd
to predict the behavior of key controlled variables for given operating
conditions. A dynamic modd is epecidly ussful to investigate the
dynamic behavior of the wet-end system during the grade change.
Use of agmple plant-wide dynamic modd in the trangtion control
during a grade change wes proposed [Murphy and Chen, 1999; Sko-
olund and Brundin, 2000; Vhtamaki, 2001]. Application of modd
predictive control schemes based on the trandfer function dynamic
models was dso reported [Hauge and Lie, 2002].

The objective of the present work isto develop asimple dynam+-
ic modd for awet-end section to analyze the trandent behavior of
the white water network during the grade change. From the linear-
izetion of the dynamic modd, L aplace trandfer functions represent-
ing the effects of key variables were developed. Thiskind of modd
for the paper mill has been reported before [Berrada et ., 1997].
The high-order (normally more than 4" or 5" order) transfer func-
tions initidly obtained from the linegrization are not adequate in
the modd predictive control operations [Chyi and Chuang, 1994].
There are many benfits of smplified dynamic moddls such asless
computationd time, eeser andyss and interpretation and conve-
nient controller design. The modd gives the bone-dry weight of
the paper and dynamics of the retention for specific grade change
operating conditions.

MODELING OF WET-END SECTION

1. Short Circulation

Higtoricdly, the water and fiber flow sysem in a paper and board
mill was smple and sraightforward. Fresh water was used for di-
luting the raw meaterid to a stock, with a condgtency suitable for
preparation. The stock was subsequently diluted to a mix, with a
conggtency low enough for forming, again using fresh water. There
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Fig. 1. Schematic of wet-end section.

was no recirculation of either water or fiber. But, due to shortage of
fresh water supplies, to economic incentive for recovery of mete-
rid from the waste water and lately aso to environmenta reasons,
recirculation of water and materid within the process has been in-
troduced, and white weter system of modern paper machinesisrd-
aively dosad and generdly very complex.

Hg. 1 showsasmplified wet-end sysem of a pgper plant. In FHg.
1, the thick stock rate Q,, the ash flow rate @, the ash fraction of
the thick stock X, and the flow rate of the retertion aid Q, are as-
sumed to be known, i.e, they are manipulated varigbles These var-
iables become input data for the modd to be developed.

Firg we define aparameter p, as

p=1000kP, S, 1C: @

where S, and P, are the width of the dice and the pond, repec-
tively, and C: is the headbox dice factor which is dependent upon
the configuration of the outlet device of the headbox. The product
P, S.C: gives the area of the headbox outlet section. J represents
the jet/wireratio, which is defined asthe retio of the flow rate from
the headbox to the wire speed. In normd operations, J is dightly
greater than 1. Dueto the draw in the drying section, the pgper web
moves fedter in the red section than in the wire. The factor k rep-
resents the difference in the gpeed between the wire section and the
red part. In most operations the speed in the wire section is 97% of
the speed in the red section. This means that we can set the vdue
of k as0.97 in mog cases. The flow rate from the headbox Q, is
given by

Q=p.V; @
whereV, isthered speed. Q, isthe jet flow rate form the dice tek-
ing into account of the effect of Vena contractor. The flow rate to
the pressisthen expressad as

V.C.R
Qq =p1Td' (€)

where R is the retention ratio, C, is the congstency in the heedbox
and C, isthe conggency of the stream to the press. C, liesin the
range of 18-22% and is set to 20% in the Smulations. The product
p.V,C, isthe amount of the mass from the headbox. From the sm-
ple materid baance around the wire and the tray, the flow rate Q;
of the gream to the slo and the sedl pit isgiven by

1VCR

Qr=Q.~Qu=p,V, - 2=t @
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Inan actud operation, the amount of supplementary water cannot be
neglected. Thus we introduce V., to take into account the amount
of supplementary water. The flow rete of the stream to save-all Q,
can be obtained from the materiad baance around the wire, the sllo
and the sedl pit and can be expressed as

def:pzvr_ pZVrCsR+VWL_ (plvr_ QD_ Qf_ Qp_ Vw) (5)
wherep, isgiven by

D= pl

Q; istheflow rate of theinterna circulation stream and is given by
Q2: pJ.Vr_ QO_ Qf_ Qp_ Vw (6)

where V,, isthe amount of dilution water. Perfect mixing in dl the

components (Fig. 1) with Sgnificant volume is assumed inthisam-

plified modd.

2. Moddling of Silo and Stock Approach

Dynamics of the solid and ash contents in the slo and the sed
pit can be expressad as

dC 1
== v A-RpV G- Q.C,
+ Cz(plvr - pZVrCsR + le_ QZ)} (7)
dX,,
=71 RIPV.CX.~Q.CX,
X,,0C
= =CoXaa(PVr =PV CR +V,—Q,) ] _Ezd_tz ®

where G, is the sllo condgtency, X, is the ash fraction in the silo
and R, isthe ash reterttion. V denotes the totd volume of the silo
and the sedpit. Similarly, dynamics in the stock gpproach section
aregiven by

dC, 1
E =\7{Q0C5+C2(plvr _QO _Qf _Qp _Vw) +chf _plvrcs} (9)
dX QuCoXpa tCX V,—Q—Q—Q,—
dt V C T~ 1QoCoXoa +CoX (s b= —Qp—Vw)
+Qfo _plvrcsx Vsés

+C2(p1Vr _Qo _Qf _Qp _Vw) +chf _plvrcs} (10)

In this sudy, the stock gpproach section includes screens and dleanr
ersaswdl as deculator. Because of the complexity of the configu-
ration of cleaner sections and screens and of the condderable vol-
ume of the deculator, we supposed a tank with volume V, to rep-
resent the stock gpproach section. We assumed that the flow from
the tank becomesthe outlet flow from the headbox. V, indudesthe
volume of the deculator, the volume of the 1¢ and 2nd deaner lines
and the volume of 1gt and 2nd screen lines.
3. Retention and Bone Dry

Reterttion is affected by many factors such as the amount and
typesof retention ads, thick stock rates, types of pulp, SRE (gpecific
refinery energy), fiber fine fraction in the thick stock, the wire speed,
filler flow rates, temperature of the white water, PH, ash contents
in the white water and the thick stock, and the wire mesh [Neimo,
2000]. Inthiswork we are congidering only the “ short-term dynam-
ics’ during grade changes rather than the “long-term dynamics”
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Then we can assume that retentions exhibit firs-order dynamics
and can represent the behavior of Rand R, as

dR_kiq _R

S S 1
dR, ki) Re

dt _TQP T (12)

where Tisthe retention time condart, k; is the retention congtant and
k, is the ash retention congant. k, was assumed to be 1/3 of k;. k;
can be obtained from the Seedy-date retention and the amount of the
retention ad. 7 depends on the specific paper machine being used.
The bone dry weight BD and the ash bone dry ashBD are given by

BD=p,p.CR (13

a&hBD=p,p,CX.R. 4
_1000C, W,

Pz= P.R, (15

where C, and P, are widths of the couch and the pond, respec-
tively, and R, isthe red width. W, isthe diminishment retio of BD or
ash BD which can occur unexpectedly while the paper web passes
the press and dryer section.

TRANSFER FUNCTION MODELS

1. State-space Modd

The red gpeed, the thick stock flow, the filler flow, the retention
ad flow, and the ash fraction of the thick stock serve asinput var-
igbles in the modd presanted before (Eqgs (1)-(15)). The Sate vari-
dlesaeC,, C, X, X4, Rand R,. Thetwo outputs are BD (bone
dry weight) and ashBD (bone dry ash weight). The ash fraction of
the thick stock was assumed to follow aramp trgiectory during the
grade change operation. The linearized Sate equations are given by

dXx

ot =AX +BU

Y=CX+DU (16)

where

X=[CXaCXRR]
U=[VIQQQ:Xel
Y=[BD ahBD]'

Elements of the state-gpace system (16) are given by

lac,) ac,| ac,) ac,| ac, ac |

9C,|. 9%, 9CJ. aX, IR|, IR,

X DX zs| DXl Xa| DX DX on
c, | |9C.|.0%.., 9C.].ax.. 9R |, 9R.|) ¢
Xi | |0C) 9C,| 9Cs IC,| 9Cs AC | Xin
C. |_|aCd|, 3Xzd, 9CJ, 9X.i, IR, ORJ,| C,
Xia | [0Xa] 3Xa| IXa| OXal Xl IXal | Xia
R | [3C.| Xz, 9C.| 9X.), OR | 3R.|| R
R, ) |aR| 9R| 3R] 9R| 3R oR|| R

3C,|. 9%, 9CJ. aX., OR|, Ry,

Ry OR,| IR 9R| IR, IR,

9C,|. 9%\, 9CJ. aX, IR|, IRy,

aVrS aQOS anS anSaXOaS
aVr s a(30 s an s an sa)(oaS V,
9C{ 9Cy aCy 9C) oC| |
.| Vi, 9@, 9Ql, 9, %en, | &
OXo| OXy| IXef IXe] X |
3V, |, 9Qu, 9Q1|, 9Q, | 0Xaal, )‘3”
OR| OR| R 0R| oR| [\
V|, 9Qd, 9Q{, Q| IXcal,
aVrS aQOS anS anSaXOaS
o
dBDJ| dBD| dBD| dBD| dBD| dBD| Xa
BD' |_| 9C2l.0Xzl, 9C, | 0Xal, OR | OR| | C,
ashBD') | 9aB| daB| 0aB| JaB| JaB| daB| | XL
9C,|, 90Xz, 9C,, OXo|, OR|, OR.|, ) R'
R,
0BD| 0BD| 9BD| 0BD| 0BD| Q.’
AV, |, 0Qol, Q| 9Q,|,0Xeal, | =°
9aB| daB| daB| 0aB| 9aB| |
V|, 9Qi|, 9Q/|, 9Q|, MXen, Sp
Oa

The dements of the coefficient matrices in the above rlations can
be evduated from Esq. (7)-(14). Resulting Sate equations can be
expressd as

Clz AnAnAALAsALE Clz
X2a AnAnAzAuAxAx | Xo
AsAnAnAyAsAg C's
Xlsa AnApArAuAsAg Xlsa
R’ Ay Asp Asg Asy Ass Asg R’
Rla At AsAgsAst Ass A R'a

Bll BlZ BlS Bl4 BlS Vu
B21 B2, B2s B2 Bos Q’?e'
4| B::B2BxBaBs Qf: a
B41 B42 B43 B44 B45 QI
BSl BSZ BSS BS4 BSS X-p
Be1Bs: B BeiBes |°
Y=CX+DU

In Eq. (17), the subscript s denotes the steady-dtate velues A; and
B; in (17) and matrices C and D are given in Appendix.
2. Higher-order Transfer Functions

Initid higher-order Laplace transfer functions can be expressed
in theform asgiven by

\V&
8D’ | [ 6u96:96:96.96:9 | & | g
ashBD' ) | Guu(S) G(S) Gus(S) Giu(S) Gis(9) Qf

Xba
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where
_ —0.055145-0.02449
= (19
s +1.849s5+0.4314
_ ~0.00584s’ ~0.01532s° ~0.011135-0.003428 20)
7 §'+4.0355° +5.2085 +2.3035+0.3172
_0.005123s+0.002654
=" 2
S +1.849s5+0.4314
G _0.001507s’ +0.0003805s’ +0.00032515 +0.000251 @
N s' +4.0358° +5.208¢" +2.303s+0.3172
_0.075965 +0.03448
I —— 23
S +1.849s5+0.4314
_0.03988s’+0.115’ +0.08459s +0.01779 2
# §'+4.0355° +5.208¢° +2.3035+0.3172
_0.008795s’ +0.01705s-0.001384 )
¥ & +1.8568 +0.44375 +0.002876
0.0006863s’ +0.0029s" +0.003684s’
_ +0.0006853s” —0.0008424s —5.645e-006
Gu=—"> - > 5 (26)
S +4.048s’ +5.262s' +2.372s
+0.34825% +0.004332s +1.41e-005
G,=0 @n
29.295+26.99
B B — (28
& +2.1865+0.7353

Pole-zero locations of these functions are shown in Fg. 2. There
are no poles with pogtive red vaues and we can confirm thet the

wet-end system is geble. But G,,(9) and G,.,(9) give postive zeros,
which means that inverse reponses are expected in BD and ashBD
due to the changein the retention aid flow.
3. Reduction of the Transfer Functions

Higher-order transfer functions may cause numerica errors and
increase computationd load when they are used inthe smulations or
in the control operations such asthemodd predictive contral. Infact,
it is very difficult to formulate mode predictive control problems
by using higher-order transfer functions. Most chemica plants can
be expressed by the transfer functions in the form of 1%-order plus
dead time (FOPDT) or 2™-order plus dead time (SOPDT). SOPDT
is used to rdae the input and the output characterized by inverse
responses. In the idertification of lower-order modds, wefird as-
sume FOPDT or SOPDT modes with unknown parameters. The
higher-order modd (18) serves asthe actud plant. A Smple pulse
input as shown in Fg. 3 isintroduced into the supposed modds and
the “plant” smultaneoudy and the resulting outputs are compared.
Use of the PRBS (pseudo-random hinary sequence) is the usud
practice in this case. But a smple pulse function was found to be
enough in the identification of the lower-order models. By minimi-
zaion of the difference (29) between the supposed mode output
and the “plant” output, we can determine the best possible model
parameters.

QF.Y) =§[Fi ~Y.F (29)

wherei isthe sampling number, F, isthe output from the higher-or-
der modd and ; isthe output computed from the assumed FOPDT
or SOPDT modd. Verious optimization agorithms can be used in
the minimization, but the Smple least-squares method was enough

Pole-Zero Map
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Fig. 2. Pole-zero map (x: pole, o: zero).
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for our purpose. Dead times contained in the modds can eesily be
determined by using operationd data It is dmost impossbleto ob-
tain exact vaues for the dead times. Fig. 4 shows the steps to de-
termine deed times. First, initid values of deed times 6; are assumed

Table 1. Initial statevariables

and iterative minimizations of resduds are followed to give opti-
md dead times. Resulting lower-order trandfer functions can be ex-
pressed as (30) and results of corresponding dead time computa:
tionsaregiven by (31).

—-0.05242-e " 0.005675- € *0.07373-e *

(Yl _| T1258s+1  1572s+1  1294s+1
Y2) | -0.01008-e *0.001334-e *0.05274-¢ *
3.427s+1  14.23s+1  1.92s+1
» LY ul
(0.13225+0.009898)- e ** —le-09-e U
825 +4. + 10s+1
13.825° +4.198s 179 " | os (20)
(0.13225+0.009898)-¢ * 3553-¢ * | |,
13.825° +4.198s +1 1.608s+1 Us

(31)

min

_| 0 1.3 0.3751 0.9865 1.3
0 1.3 0.3751 0.9865 1.3

NUMERICAL SIMULATIONS

Suitable initid values for the state variables C,, X, C,, X, R
and R, should be assigned for the computationsto be possble. Usu-
aly steedy-gate vauesfor these variables are used asinitid vaues.
Teble 1 showsinitid vaues for the date variables used in the present
work. Data sets obtained from the grade change operaions were
usd to vdidate the smplified dynamic modd. The firg data s,
being compared with the results of the smulaion, was obtained
during the change of the bone-dry weight (BD) from 66 g/m? to
56 g/n? (or from 70.8 g/n? to 61 g/n? in the basis weight (BW)).

Veues of condants and parameters used in the smulaions are
shown in Table2. In the modd, rates of the thick stock flow, the
retention ad and the filler inlet and the red speed serve as input
vaiables Figs. 5 and 6 show changes of input variables used both
in the actud plant operation and in the smulation. The ash fraction
inthe thick stock flow, X, is dependent upon the extent of mixing of
raw maeriads in the Broke and machine chest. X,, exerts a srong
influence on the ash content a the red box, dthough BD is not &f-
fected by X,.. The magnitude of X,, is changed according to the
paper grade. For this reason, the ash fraction should be conddered
asan input variable [Vhtamaki, 2001; Elkadiri and Berrada, 1997].
The ash fraction in the thick stock flow was assumed to exhibit the

2"-order characterigtics as given by
—i(a). Mo -1
Y(9)=G(s) = G e (32

where 7,=18 and {=1 in the present study.

The same input variables were fed into the plant as well as the
modd. Reaults of the smulaions are shown in Fgs 7, 8 and 9. Two
key output variables (BD and ash BD) and four mgjor dete var-
iables (conggtenciesin the slo and the headbox, the durry rate and

State variables C, (kg/l or %/100) Xa (=)

C, (kg/l or %/100) Xz (-) R (%) R. (%)

0.009 0.235

0.0022 0.47 75 51

Korean J. Chem. Eng.(Val. 22, No. 1)
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Table 2. Constants and parametersused in smulations 1200
Description neer @ -
C, (kg/L) or (%/100) 0.0328 g
G, (Kg/L) or (%/100) 0.47 £ e
C, (kg/L) or (%/100) 0.2 g ey 1
V (Liter) 105,000 g 1190
V. (Liter) 50,000 g e
V,, (Liter) 1,000 LS 1
V.. (Liter) 2,000 1184t . 1
kl (mln/L) 0.0142 1182 25 5 5 a5 106 130 140 160 "1”
t (min) 800 min
P, (Meter) 5.65
R, (Meter) 4.06
C., (Meter) 5.17
S, (Meter) 0.01021 z
C () 0.92 £
J () 1.04 -
W, () 0.85 g
2
@
1.25 10 ‘
(a) T T R T S T T T R I S T TR 1)
1.2 min
E 1.15
3 o
E 14 é
£ g
% 1.05 E
8
1 =
[2]
g
0'950 20 4‘0 60 80 100 120 11‘10 160 180
min 50 60 70 80 90 100 110 120
min
110 T
(b) Fig. 6. Red spes_d (a), flow rates of theretention aid (b), thick gock
100 ash fraction ().
= ol We can seethat the Smplified modd developed in the present sudy
E exhibits satisfactory tracking performance to the plant. The com-
% i puted consigenciesin the silo and the headbox shown in Fg. 8 dis-
= play dynamic characteridtics as expected. The smooth behavior of
% ol the dlo consgtency is not surprising considering the assumption of
perfect mixing in the slo. Fig. 9 shows the durry rate and the re-
tention ratio obtained from the Smulation. The retention ratio is an-
°0 other variable being detected online. The cause of the big discrep-
ancy in the beginning is not clarified yet. But, without knowledge
%20 40 60 80 100 120 140 160 180 of the details of the detecting mechanism of the retention ratio, we
min

Fig. 5. Input flow rates of stock (a) and filler (b).

the retention ratio) were computed. Even with the up-to-date DCS
technology, not dl the variables are measured in the operation. In
the plant being consdered, BD and ash BD were detected online,

January, 2005

can only sy thet the assumption of the perfect mixing in the slo
might cause the discrepancy.

CONCLUSIONS

A dynamic modd for the wet-end section of a paper mill was
developed to characterize its dynamic behavior during the grade
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—— simulation
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Fig. 7. Dynamics of bone-dry weight (a) and ash bone-dry weight
(b).

change. The modd is based on the mass baance rd ationships writ-
ten for the smplified wet-end white water network. From the lin-
egrization of the dynamic mode followed by Laplace trandforma-
tion, higher-order trandfer function modds were obtained and sta
bility of the modds was examined. The 1%-order plus dead time
(FOPDT) and 2 -order plus dead time (SOPDT) models were iden+
tified based on the higher-order moddls by using leest-souares meth-
od. Effectsof key manipulated variables such asthe thick stock flow,
the filler flow and the retention aid flow on the mgjor controlled
variables were andyzed by numericd smulaions. Results of Sm-
ulaions show a little discrepancy from the operationd data, and
we can see that the dynamics of the wet-end section of paper plants
can be represented well by transfer functions with low-order plus
dead times. The dynamic mode developed in the present Sudy in
the form of Lgplace trandfer functions can be effectivey used in
the operation and contral.
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APPENDIX

Ap=(-p,V,+2-Q+2-Q+2-Q,+2:V,—p,V,-CoR+V )V
A21:_ ((1_ Ra) plvr 'Cs'xs_ P 'V,+Q 'Vr CSR_VWI)N/Cz
Xl Co-((1-R)-pyResl-Co (P V- Q- Q= Q- V) C,
+(_ P. ‘Red 'CS'R+VW1+QO+Qf +Qp+vw) CS)N
X Co(pV,+2.Q+2-Q +2-Q+2V, .V, C.R+V, )V
A31: (pl 'Vr_ QO_ Qf - Qp_ VW)N s
An=(pV—Q—-Q— Qp_ V)Xl VJC,
- Xs:\/Cs(pl 'Vr_ QO_ Qf - Qp_ Vw)/ Vs
As=0
Ag=0

A.,=0
A22:_ ]-/Cs((l_ R) P 'Vr 'Cs_ P 'Vr_ QO_ Qf - Qp_ Vw) 'Cs
+(_ P. 'Vr 'Cs'R+VWJ.+Q0+Qf +Qp+vw) CS)N

Az=0
Ap=(PrVi— Q= Q= Q= V) CIVJC,
A,=0
As=0
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As~((1-R) p.V,—pV, RC)NV
Ax=((1-R)p. 'V, Xatp- V.- RINVIC,
—XulCo(1-R)py-V—po V- R-CINV
A33:_ pl VrN s
A (QrCo- Xt (P V—Q— Qi — Qp_ V)G Xon
+Q -G —puV, CoXINVJCAHXJCHQ Gy
P V- Q- Q-Q-V,) -CHQ-C—p,V,-CIV,
Ag,=0
Ag=0

A,=0
Ax=(1-R)-p.-V,-CNIC,
A,=0
Ay=— P 'VrNs_ 1/CS(QOCO
+(p1 'Vr_ QO_ Qf - Qp_vw) 'C2+Qf Cf B 'Vr CS)NS
As=0
Ag=0

A15:(_ P V,-Ce P Vi CSCZ)N

A25:pZ'Vr Cs/V/CZ_XZa/CZ(_ P V. -Ce P V, CSCZ)/V
A=0

As=0

As=—11
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Ag=0

A=0
Ax=—pV,-CoXNIC,
Ax=0

A,=0

Ag=0

A=t

Bu=((1-R)-p,'C—p C—p CoR GV

B.=((1-R) P Co Xa— Pt G RIVIC,
=XalC(1-R)-pyr Cpr G- p G ROV

By=(p, C—p-CIV,

B41:(p1 CZ 'XZa_ P Csxsa)NJCS_ Xsa/CS(plCZ_ P CS)NS

B;=0

Bs=0

B,=2-C/V

B,=—2-X, NV

Bo=(Co- GV

B42:(CO 'XOa_ CZ XZB)NSICS_X':H/CS(CO_ CZ)NS
Bs=0

Bs=0

B=2.CN

B,=—2-X,V

Bo=(-C+ GV,

B43:(_ CZ'X23+CT)NS/CS_X53/CS'(_ C2+Q)Ns
Bs=0

Bs=0

B.=2-C/V

B,,=—2-X,,/V

Bs=—C/V,

Bu=—C - XaulVJCAHX/CCIV
B.,=k./T

Bes=kJ/T

C=(0 0 ppR 0 ppC. O J
0 0 ppXR. PPCR, O PpCXa

D=zero matrix
NOMENCLATURE
ashBD : bone-dry basisweight of ash [g/m?]
BD : bone-dry basisweight [g/m?]

C, :congstency inthethick stock [kg/L or %/100]
C, :condgstencyinthesilo[kg/L or %/100]
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C, :congstency to press[kg/L or %/100]
C  :conggency inthefiller flow [kg/L or %/100]
C- :headbox dicefactor [-]
C, :congstency inthe headbox [kg/L or %/100]
C, :thewidth of the couch[m]
J jet/wireratio[-]
. draw factor [-]
. retention constant [min/L]
k, :ashretention constant [mir/L]
Q, :thick stock flow rate [L/min]
Q. :interna recirculation flow rate [L/min]
Q, :flowratetothepress[L/min]
Q :ashflowrae[L/min]
Q, :flow rateof theretention aid [L/min]
Qur : flow rateto savedll [L/min]
Q. :outletflow rate from the headbox [L/min]
: flow ratein the tray [L/min]
: retention ratio [-]
: ashretention ratio [-]
: width of the pond [m]
: thewidth of thered [m]
: the gap of thedice[m]
: slovolume[L]
: redl speed [m/min]
: stock approach volume[L]
: the amount of dilution water [L/min]
: clean water rateto the sillo [L/min]
. diminishment ratio [-]
X :ashfractioninthethick stock [-]
X, :ashfractionintheslo][-]
Xa ashfractionin the headbox [-]

PLAILDTO

2

=
=S

s<<<<<

Greek Letters

T retention time constant [min]

T, 12" order transfer function time constant [min]
6, :deadtimes[min]

4 : 2" order transfer function damping factor [-]
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