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Pulp washing process DCS based on double-objective optimization
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Abstract: A novel pulp washing process DCS (distributed control system) is proposed. The basic control strategy is just as
below. The pulp washing quality is guaranteed by regulating the inlet stock flow and consistency of filter washer, black liquor
showering flow, washer level and green water inlet flow. The neural network models of the residual soda of washed pulp and
the Baume degree of the first stage black liquor are modeled via two-step identification method. At last a double- objective opti-
mization of the green water input and washed pulp output is done. The DCS is in implemented successfully on XDPS platform of

Xinhua Company Limited. It has been in operation and improved the pulp washing quality greatly.
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Fig. 1 The crafts and arts of pulp washing process

3 =R G277 3 (The general scheme of
control system)
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Fig. 2 The DCS of pule washing process
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4 REEMEEENHENEZERZEZ(NN
models of residual soda and Baume degree)
4.1 ¥ REEIH AR (Mathematical model description)
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y1 = filxr, 22,%3),
{9_’2 = folx1, %2, x3). 1
M RESISERI A KRR
=hl(xl(k),m(k—l),"',xl(k—d),xz(k),
x0(k=1), ", %(k—d),x3(k),x3(k-1),-,
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(2)
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4.2 FH I E (Two-step identification method)
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Fig. 3 NN dynamic model identification structure
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Fig. 4 NN stationary model identification structure

4.2.1
model identification)
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4) B % (k) %2(k), 2:(k) B y (k) BALE,H5 2);
FHlelk)) < e MEARVNG, e HFLEEMNRIFR
ERRE .

A1 ERABE LAY RS AR MR

Table 1 NN dynamic model parameters of residual soda
and Baume degree
AR BER BB
BT AR 24 27 1
BERET AR 16 19 1
AF e oR B 1/7(1+e*) 1/(1+e™*) (1-e*)/(14+e™*)

MBS B A IR (NN dynamic.

A2 KRB E AN 3 KRR AN
Table 2 NN dynamic model training parameters of
residual soda and Baume degree
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BB 0.3 0.001 10 0.1 56 0.002
BHEE 0.11 0.001 10 0.1 67 0.002
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Aw (k) = (J"(E)ICE) + pI)7 ' T (K)e (k).
Hep, J(k) AR 2 3 AUE KL 5 #) Jacobian 56 (%,
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Fig. 5 NN dynamic model learning curve of residual soda
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Fig. 6 NN dynamic model learning curve of Baume degree
4.2.2 MER KRB AP IR (NN stationary
model identification)
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Table 3 NN stationary model parameters of
residual soda and Baume degree
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Table 4 NN stationary model training parameters of
residual soda and Baume degree
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Fig.7 NN stationary model learning
curve of residual soda
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Fig. 9 NN stationary model learning
curve of Baume degree

5 Y BE*RM 4 (Two-objective optimization)
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5.1 {R4LS) R H& (Optimization problem description )
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Fig. 8 NN stationary model generalizing
curve of residual soda

9.5

B EK /Be

. y

8.5

0 10 20 30 40 50
HALKE

Bl 10 FEEEMEMBIRSRAZ A2k
Fig. 10 NN stationary medel generalizing
curve of Baume degree

minE (x(,%2,%3) = x3,
ma.xY(xl,xz,x3) = x1%x2, S.t.
fl(xlyx2)x3) < Fimaxo

Fymin < f2(21,%5,%3) < F2maxs (4)
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HIBUA  {RAE x5 — E = 0,Y — 1 25 = O.
minZ(xy,%;,%3) = 1 C1(23-E) +B,Co(Y - x1%,),
s.1.
(g1(xy,22,%3) = filx,22,%3) = Flow <0,

F)min — f2(x1,%2,%3) <O,

gz(xlax2’x3)
g3(x1,22,23) = fo(x1,22,%3) — Fapu < 0,
g4(x1,%2,%3) = X{ i — 21 < 0,
gs(x,22,%3) = %1 — X < O,
g6(x1,%2,%3) = Xgpin — %2 < 0,
g1(x1,22,%3) = %3 - Xy < 0,

gS(xlix21x3) = Xsmin — %3 < 0,

golx1,%0,%3) = %3 — X3mae < O.
(5)
5.2 Hp3HeREEM AL 5 B (Optimization procedure of
external penalty method)
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5.3 B 453 (Optimization results)
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Table 5 The results of two-objective optimization

1k o~ K TIETF BREH BR ik

TR A o c ¥ #F
HEEE 2.2 2.4
#HERE 175 450 1.0 4 230 135
WAKWR 27.6 29
A= 311.94( W /i)

6 #5%RiE(Conclusion)
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Fig. 11 The curves comparison of residual
soda before & after optimization
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Fig. 12 The curves comparison of Baume
degree before & after optimization
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