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A dynamic model of pressure
screens for fault detection

Leoncio W. Estévez-Reyes and Guy A. Dumont

ABSTRACT: The “classical” control scheme for pulp pressure
screens regards the screen as a static system. Out of several faults
that could occur during screen operation, it addresses only the
possibility of plate plugging. Among other drawbacks, this
method restricts the screen throughput. After testing different
parametric and nonparametric methods for fault detection on
screens, it was found that a mathematical model developed at
the Pulp and Paper Centre in The University of British
Columbia has potential for its use as a diagnosis tool. By
monitoring some of the process parameters of the screen included
in this dynamic model, incipient malfunctions of the screen
could be detected and failure could be prevented. The pressure
screen model is part of a general strategy for diagnosing and

controlling pressure screens.
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F ine screening systems are found
in all mechanical pulp plants.
The purpose of these systems is to
remove certain unwanted constitu-
ents from a pulp slurry so that the
suspension becomes more suitable
for the product in which it will be
used: paper, cardboard, ete., (1).
Usually, pressure screens are placed
after or between refining stages, but
this is not the only location for them.
In all cases, the prineciples of opera-
tion and control are the same.

There are many configurations of
pressure screens in use today, but
most of them are built with a eylin-
drical screen plate. In a typical
model, such as the one seen in Fig.
1, the incoming stock is tangentially
fed into the inside of the cylinder.
The pressure will force the passage
of the suspension through the open-
ings in the plate to an accept com-
partment, from where it is
tangentially discharged into the ac-
cept piping. The rejected material
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passes down the inner surface of the
plate into a reject section, from
whence it is discharged into the re-
ject piping. Dilution water, which
may or may not be used, can be
added into the reject compartment
and also into the screening zone. An
electric motor, which drives the ro-
tor, is utilized as a means of prevent-
ing the screen from plugging and to
accelerate the pulp suspension.

Many variables affect the perfor-
mance of any given pressure screen:
plate design, rotor and housing de-
sign, flow rates, pressures, charac-
teristics of the pulp, etc. Some of
them cannot be modified during op-
eration. Some others can and are of
particular interest for screen con-
trol purposes.

The ideal screen control would al-
low for the extraction of all the de-
bris in the feedstock without the
removal of any acceptable pulp (2).
This objective cannot be directly
achieved, among other reasons, be-
cause there are no reliable on-line
measurements of pulp quality in in-
dustry. Therefore, the best possible
control is one which would optimize
the ratio of good fibers/debris, the
screen capacity, and the economie
and operational aspects of the pulp
plants by indirect means.

Screen faults

If we use the term fault to charac-
terize “the departure from an ac-
ceptable range of an observed
variable or calculated parameter as-
sociated with the equipment” (3), all
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pressure screen faults can be
grouped in five categories:

1. Blinding. Fibers accumulate
within or adjacent to screen plate
apertures (or even in the reject
piping). Low screen capacity will
result from this condition and, in
extreme cases, it will lead to plug-
ging and stoppage of the accept
pulp flow.

2. High loss of good fibers into the
rejects. Either by improper feed
consistency, volume of dilution
water, or plate perforation.

3. Loss of accept quality. The pres-
ence of an undesired percentage
of contaminants in the treated
pulp would result as a consequence
of high rotor speeds, low consis-
tencies, or wrong reject rate.

4. Motor overloads.
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5. Flow instability. Due to high flow
velocities/cavitation.

As2and 3 are related to pulp qual-
ity and, hence, out of the “on-line
domain,” an automatic fault detec-
tion strategy for screens will con-
centrate on recognizing the
remaining faults.

Screen control and FDI

The “classical” control strategy for
pressure screens calls for either or
both of two requirements to be met:
a stable operating pressure and a
stable stock throughput measured as
a flow rate (4). A standard applica-
tion of this strategy can be seen in
Fig. 2. There, the pressure drop
across the screen is maintained con-
stant. The accept valve is used to
control the screen throughput and
the differential pressure is controlled
through the ratio of flows: accept vs.

reject. However, if the pressure drop
increases above a preset level, pre-
sumably because of screen plugging,
the accept valve will be closed and
the reject valve will be fully opened
to purge the screen. Usually, an
alarm is provided to warn the opera-
tor in the event of plugging (5-7).
Although some alternatives can be
found in the literature, they are varia-
tions of this “classical” strategy (8,
9). Besides the alarm described
above, no means are provided for the
acknowledgment of any possible
faults.

It is evident that the “classical”
approach used in the pulp mills is not
a true fault detection and isolation
(FDI) scheme, as it neither recog-
nizes faults nor prevents screens
from failing. It merely warns about
probable occurrence of failure. That
is, the operator can react only after
suspected plugging is present with




3. Pressure differential vs squared accept flow relationship for
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4. Magnitude of physical coefficients in screen model
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all the unwanted consequences that
this condition produces: process in-
terruptions, deviation from safe op-
erating conditions, economic losses,
ete.

In order to avoid the recurrence
of failure, screens are operated at
process conditions which are rather
conservative, but this practice is not
satisfactory. By operating a screen
under too cautious differential pres-
sure constraints, its throughput is
reduced, its efficiency is affected, and
the screen is flushed even when no
fault is present. This fact, first
pointed out by Gooding and Craig
(10) and confirmed during the course
of this research, is demonstrated by
Fig. 3.

It should be apparent by now that
the common method of dealing with
screen faults in industry has funda-
mental weaknesses. The question is,
of the existing approaches in the lit-

erature, which one is the best pos-
sible alternative to implement as a
screen FDI system?

A mathematical model

for the screen

In order to choose a true FDI sys-
tem for the screens, several options
were considered for testing, ranging
from the simple to the complex. Out
of all possible indexes and process
variables which do not require a
mathematical model of the screen,
the list was narrowed down to two
alternatives which seemed the most
promising. First, the screen motor
load was evaluated using statistical
control principles. Later, the rela-
tionship between the differential
screen pressure and the accept flow
was explored. In the end, although
some improvements were made over
the “classical” approach, none of

these attempts could be deemed as a
true FDI method, as all of them sim-
ply warned of a failure after one had
occurred. This result suggested the
need for developing a mathematical
model of the sereen, as a more re-
fined and effective fault identifica-
tion tool.

The dynamic model was derived
from first principles: mass balance.

0=F,—F,-F,+F, (1)

energy balance,
0=gF

=+ 8P+ 8. F

3 Dil

+g4PDil

- gSFA - gﬁPA - ngR - gsPR +szJ +f.1kA +
f ()

and a dynamic version of Darcy-

Weisbach’s equation to account for

the energy losses inside the sereen.

3R

k,=dk, +dv, 3)
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k,=dk, +dy, (4)
with
F = volumetric flows

d, f, g = physical coefficients

' P = pressures
k = states (losses)
W_ = motor load
v = flow velocity

and the subscripts F, A, R, and Dil
stand for feedstock, accept, reject,
and dilution. Then it was put into
state-space form, and after linear-
ization and discretization it looks as
follows:

See Equations pg. 128 (5)
See Equations pg. 128 (6)
with
Joh = process parameters.

The screen model, which can be ex-
pressed parsimoniously as

X, =Ax, + Bu, @)

“ ¥, =Cx, + Du, (8)

or, equivalently, using the shift op-
erator D where Dx, = x,  and the
identity matrix 7, as

See Equations pg. 128 &)

is controllable, provided the param-
eter j, # 0 (which seems true in all
cases), and observable, provided j, #
J, (which is also true in the majority
of cases), and that makes it ideal for
identification.

Model-based FDI

The procedure for detection of faults
in the screens involves identifying
and monitoring the j, process pa-
rameters that appear in the dynamie
model. These four parameters indi-
rectly reflect the physical coefficients
of the screen (d ), and using them to
caleulated , d,, d,, and d, should help
determine the presence of faults. If
the values of the d’s stray beyond
their normal range, a fault is deemed
present. The losses inside the screen
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5. Parameters estimated by Kalman filtering
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cannot be measured, and have to be
estimated simultaneously with the
process parameters of the system.
For this purpose, an algorithm based
on a canonical singular pencil model
was implemented.

The main idea behind the algo-
rithm is to rearrange and separate
the measurable variables from the
process unknowns (in this case, the
states and the process parameters
in the model), through similarity
transformations (11). Accordingly,
the model is brought to the repre-
sentation

See Equations pg. 128 (10)

using the similarity transformations
TAT?, CT' and T B, until the
submatrices £,, E, A,, A, B, and
B, make P(2) a canonical represen-
tation. C, is the noise matrix. From
that canonical representation, the
pencil can be reordered as

X, =Ex +G.wyr,+Ce, (1)

0=Ex, G~0(w‘)rk -Jw +e, (12)

with
G.(wpr,=[-AB.lw, (13)
G wor, = -A B lw, +Jw, (14)

That equation can be further refined
into

50 = stk+ D.e, (15)
y.=Hs +e, (16)
with
T
T

sk=[xk,rﬂ )
H = L Eo Go(wk)J (18)

E, G, (w)

F =

k1o I (19)




6. Screen raw physical coefficients
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Now it is possible to use a Kalman
filter to obtain the optimal linear es-
timate of the augmented vector state
s,, which includes all the unknown
states and process parameters of the
system, provided that the model for
the noise is known. Hence, using a
singular pencil model, a nonlinear
estimation problem has been re-
duced to a linear one.

Some results

The model and the identification al-
gorithm were tested in the Pulp and
Paper Research Institute of
Canada’s pulp screening pilot plant.
This plant, which comprises three
storage tanks, a centrifugal pump,
two industrial-scale pulp screens,
and the instrumentation required to
measure and control all important
process variables of the equipment

operation, allows for circulation of
pulp flows up to 10,000 L/min with a
consistency of up to 5%.

In each trial, the feed pressure
was kept constant at 350 kPa, the
reject flow was fixed at a pre-estab-
lished rate, ranging from 500 L/min
up to 2000 L/min, and the accept
flow through the screen was in-
creased in equal steps until the
screen was brought to failure. The
process variables were constantly
monitored and data on pressures,
flow rates, temperature, and screen
motor load was gathered for off-line
analysis. After using the singular
pencil identification method pre-
sented above, the d, physical coeffi-
cients of the screen were derived.

Asthe results in Fig. 4 show, while
the accept flow is less than 4500 L/
min, the aceept physical coefficient
remains below 100 units. When the
flow exceeds 4500 L/min the coeffi-
cient value starts to grow very fast,
suggesting that the passage of fi-
bers is becoming more difficult, pre-

sumably because blinding has ap-
peared. The coefficient reaches its
maximum shortly after it is con-
firmed that the screen plate open-
ings are plugged. It is clear then
that, by monitoring the averaged
coefficients imbedded in our model,
failure of the screen could be pre-
dicted before it happens. Figures 5~
6 show plots from the various steps
in the algorithm: parameters esti-
mated by the Kalman filter and cal-
culated raw coefficients.

During the different trials some
interesting observations were made:

1. For accurate results, fast uniform
sampling and antialiasing filter-
ing are required. Although most
commercial distributed control
systems (DCS) do not seem ca-
pable of meeting these require-
ments, a dedicated PC can easily
handle them.

2. High noise spikes in the process
data can derail the estimation;
therefore, they must be filtered
out.

3. The choice of parameters in the
noise matrix can alter the estima-
tion results. As such, good care
must be taken to ensure that the
chosen noise model fits the pro-
cess reasonably well.

Conclusions

The main conclusion of this research
is that, in general, the proposed
model for the pressure screen seems
promising as a true fault detection
tool suitable for industrial use. It
can give a better idea of the changes
in energy losses inside the screen,
and those changes can be associated
with the different operational faults
that might occur to this device. For
instance, by monitoring the differ-
ent physical coefficients imbedded
in the model, the occurrence of plate
plugging or reject line plugging could
be predicted before it happens. A
practical implication of this conclu-
sion is that, by implementing such a
scheme in a mill, pressure screen

Vol. 78, No. 9 Tappi Journal 127




Pressure Screen Fault Detection

systems could be used more effi-
ciently and a more flexible control
strategy for them could be put in
place, allowing for varying through-
put, or handling of higher consis-
tency pulp.

The second conclusion is that the
singular pencil matrix has proven to
be a suitable simultaneous identifi-
cation method for parameters and
states. It shows good behavior re-
garding convergence and numerical
stability, problems which are associ-
ated with the approaches based on
use of the extended Kalman filter. It
also shows a very important feature:
the capability of handling extra equa-
tions by simply increasing the size
of the matrix. The practical implica-
tion here is that, if new relations
concerning pulp quality are included
in the screen model, the scheme re-
mains unaltered except for the size
of the matrices in use.

The corollary is that, as all so-
phisticated mathematical tools, the
benefits of the singular pencil of
matrices technique do not come free.
A reasonably good a priori model of
the process noise is required for
achieving consistent results. At the
present time, two approaches for
obtaining such a model automatically

are being investigated.
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