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ABSTRACT A process control strategy to blend pulp on a fiber weight basis KEYWORDS
was developed for the wet end of the paper machine. There are several Automatic control
problems with conventional consistency control that adversely affect this Consistency
strategy. These difficulties include control loop interaction between furnish Mixing

Jlow and consistency, variable process gain arising from changes in _furnish Process control
SJlow and storage tank consistency, and variable process dead time also Stock preparation

caused by changes in furnish flow. These problems can be solved with a new
method for consistericy control and a continuous self-tuning algovithm that
uses only process data to adapt controller gain and reset. The benefits of using
this system can include a reduction in furnish costs and blend variability,
enhanced quality and machine runnability, and a more uniform sheet,

Good consistency control is eritical in
most pulp and papermaking processes,
especially at the wet end of the paper
machine, where furnishes are blended
to produce good quality and uniformity
at minimum cost. To achieve these
benefits, it is necessary to minimize the
variability of the furnish blend on a
fiber weight basis (dry stock blend).
Less variation in the blend allows the
papermaker to lower the setpoint on
the most costly furnish without loss in
quality.

Traditional blend controls, howev-
er, consist of setting fiber stock ratios
for each furnish on a volumetric basis
{wet stock blend). This strategy relies
on uniform consistencies from each
furnish to maintain the desired con-
stant dry stock blend. Ideally, if each
furnish can be controlled at the same
consistency, the wet and dry blends
will be the same. However, as a resuit
of process upsets and specific mill
operating objectives, this control is not
always possible. Consequently, to
achieve a precise blend, it is necessary
to develop a stable control strategy
that addresses all the problems caus-
ing variable consistency,

There are certain problems in using

supervisory equations for dry stock
blend. These problems are solved by
introdueing a new control strategy for
consistency and by developing a
method for adaptive tuning. Such a
system has been used successfully at
Daishows America’s Port Angeles
mill.

Supervisory control

Probably the most straightforward
approach to implementing dry stock
blend is to use a set of steady-state
equations that determine wet blend
setpoints as a funetion of dry blend
setpoints and furnish consistencies.

WSP= E(DSP-JC,-)[EI(DSP,-/CD]IOO% (1)
2

where

WSP, = the wet blend setpoint for
furnish ¢, %

DSP. = the dry blend setpoint for
furnish 7, %

G = the consistency of furnish 4, %

n = the number of furnishes.

The derivation of these equations for
these expressions is given in Appen-
dix A. These equations can be used

to provide blend controls, as shown in
Fig. 1

However, this strategy cannot be
implemented successfully using con-
ventional consistency control. There
are several inherent problems that
can be analyzed and easily solved with
a different control strategy for
consistency.

Consistency control

The conventional approach to consis-
tency control is shown in Fig. 2A. The
most serious problems with this ap-
proach are (a) control loop interaction
between furnish flow and consistency
and (b) variable process gain arising
from changes in furnish flow. These
problems must be solved to achieve a
stable dry stock blend. An analysis
can be done by using hoth the overall
balance and the fiber material bal-
ance to model the process.

FFo=F¥ @2
FiCHFoCo=FrCr 3)
where
F, 1 = Inventory flow and consistency

(before dilution)
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Fo,Co = dilution flow and consistency

Fr,Ce = furnish flow and consistency
(after dilution).

These equations can be combined to
show the relationship between the
controlled variable Cr and the manip-
ulated variable £ at steady state.

F= Ok (Fo/Fe) (Cn - € (4)

This equation shows that a distur-
bance in furnish flow will affect
consistency. Furthermore, a distur-
bance in consistency wil] affect furnish
flow in accordance with Eq. 1 (dry
blend). Moreover, these interactions
may cause an instability that can only
be corrected by proper control loop
decoupling. A relative gain analysis
shows that the interaction increases as
the difference increases between in-
ventory consistency in the storage tank
and furnish consistency (setpoint). A
consistency drop of 1% or more typi-
cally results in severe interaction.

The problem with variable process
gain can also be shown using Eq. 4.
Steady-state process gain is the
amount of change in controlled var-
iable per unit change in manipulated
variable. This equation is obtained
mathematically by differentiating
Eq. 4

gain = ¢Ce/aF = (Cp -Ch/ Fe (5}

Since Cp is usually small compared
to C), this expression becomes

gain=-Cy/Fy (6)

Therefore, both the process gain
and consequently the control loop gain
(Fig. 2A) vary inversely with furnish
flow. This relationship can cause
severe stability problems with a large
turn-down in flow, which is common
in some paper mills. An example of
this problem is shown by the control
response in Fig. 3. The consistency
loop is well tuned, and it provides good
control at higher furnish flows (1140
L/min). However, when the flow is
reduced (55%), loop stability is com-
pletely lost.

Both of these problems can be
solved by setting a ratio of dilution
flow to furnish flow, as shown in Fig.
2B. By keeping this ratio constant,
changes in furnish flow will not affect
consistency. This control strategy also
solves the problem of the inverse
vartation of process gain with furnish
flow. Equation 4 can be differentiated
with respect to the new manipulated
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variable (Fp/FF) to determine the
process gain:

gain = 30/ (OFp/Fv)= Oy -C=-C, (D

The control strategy in Fig. 2B ean
provide an improvement over conven-
tional consistency control. It also
makes possible the successful imple-
mentation of a stable dry stock blend
control, as shown in Fig. 1. However,
there are still two problems with this
consistency loop that can be corrected.
They include (a) variabie process dead
time caused by changes in furnish
flow and (b) variable process gain
caused by changes in storage tank
consistency (Eq. 7). Probably the
easiest way to overcome these prob-
lems is to develop an adaptive tuner.
Appendix B presents both the control
theory and the adaptive equations.

Application results

The Daishowa America Port Angeles
mill makes lightweight directory
paper from refiner groundwood and
purchased kraft. As part of an ongo-
ing effort to reduce the use of chemical
pulp, consistency and dry stock blend
controls were implemented.

Results

Results were quite favorable, with the
variability in kraft blend being re-
duced from #2.5% to +0.2%, This
improvement has allowed the kraft
setpoint to be lowered without sacri-
ficing quality or machine runnability.
The project is currently saving $1
million annually and will be paid back
in less than 1.6 years after taxes.

Configured on a Bailey Network 90,
the controls perform well. There is
virtually no control loop interaction
between furnish flow and consistency.
The adaptive algorithms for consis-
tency control were tuned to provide a
loop gain of 0.5 and a controller phase
lag of 38°. These algorithms have not
required additional tuning since
startup. The adapted gain fora typical
controller at Port Angeles varies from
0.11 to 0.14, while the adapted inte-
gral varies from 1.0 to 6.0 repeats/
min.

The consistency response for 2 load
change in furnish flow (1025-3300 L/
min) resuliing from a machine start-
up is shown in Fig. 4. Large changes
in load typically cause only small
deviations from seipoint (0.20% or
less), and recovery is usually less than
1 min, The consistency responses for a



lransmllter

Consistency

2. A: Conventional approach to consistency control. B: Improved consistency control

m'aé'ﬁiﬁ__e_%

-] Dilution .

Ratlo controller "

s @.I_?Iow

B mvélildrjr
Selpol

uFumlsh to

- 'paper.
. mﬁch'“‘?s

iransrmller

3. Loss of stability with conventional consistency control when furnish

4, Consistency response for large load change in furnish flow (568

flow is turned down {1140 L/min = 300 gal/min)

Furnish flow
turned down
55%

1140 L/min

N R ale s ety

.
Fumish —— ,I
| consistency  \

L/min = 150 gal/min)

: Furnish flow 3300 L/min
before and after
startup

Consistency
disturbance
. _/ (0 1% peak)

ot

5. Response for consistency setpoint change at low furnish flow (568 6. Response for consistency setpoint change at high furnish flow (758

L/min = 150 gal/min)

L/min = 200 gal/mm]

Furnish
consistency

4 aaw A
Consnslency setpomt .

"~ Dllutlon flow
| and setpoint

_______ N, e e TR B s ttre

P e L L L PR B

-—-.;.J._.,—-—\_ Furmsh row ~ 3355 LI min 3
\ ' Dilution flow :
‘\ o m _L_“‘/and setpoint 490 L/mia |

AR, STl i

— \

Furnish
consistency

Pl consistency controller -

| *Process :

Plratio ], . -
i rato. Y. “varlable, %

July 1988 Tappi Journal 137



Consistency Control

setpoint change at low and high
furnish flows (760 and 3355 L/min)
are shown in Figs. 5 and 6,
respectively.

Other aspects contributing to the
project’s success

An evaluation was done on all paper
mill consistency transmitters. The
evaluation determined transmitter
aceuracy, linearity, drift, signal to
noise ratio, and flow sensitivity. All
unacceptable instruments were re-
placed.

Operations and maintenance train-
ing was emphasized to ensure a good
understanding of the new controls. A
process control simulator was devel-
oped to provide several months of
training prior to startup. This effort
smoothed the transition from simula-
tion to online operation.

A commitment was made to main-
tain good consistency calibration on
all transmitters. Even the best instru-
ments currently available require
daily attention. Without this eommit-
ment, peak performance of the system
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cannot be maintained.

Process control engineering and
startup was done using internal mill
resources. This ensured a more effec-
tive integration of mill needs with
control technology and equipment.

In summary, good control of dry
stock blend is a big step in the direc-
tion of providing a constant furnish to
the paper machine. It can enhance
paper quality and machine runnabil-
ity while reducing furnish costs. The
key to providing further blend im-
provements, however, must come
from new technology for better and
more reliable instruments for meas-
uring consistency.
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