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Control loops - pleasure or plague?

Operational profitability

Control loops are an intrinsic part
of any automation system. It has
been estimated that control loops have
an asset value of $25,000, with a cost
distribution as shown in H. According
to a recent editorial from the Hydro-
carbon Processing Journal [1], “With-
out properly tuned control loops to
minimize variability, and updated pro-
cess models used by the advanced
controls to reflect real constraints and
business objectives, substantial bene-
fits are lost”. In other words, “include
control loops in asset management”.

Automated CLCM is highly attractive
in most plants because there are sim-
ply too many control loops to be
maintained by one service engineer
on a regular basis, ie, at least every
six months. Another reason why many
industries are interested in CLCM is its
inherent non-invasiveness.

CLCM works like a doctor’s stetho-
scope: it obtains a diagnosis by pas-
sively listening to the process. Typi-
cally, no more information than stan-
dard DCS tags — setpoint (SP), process
variable (PV), controller output (CO)
etc. — is required. In a typical produc-
tion plant in the process industry, for
example, there may be up to several
thousand control loops. B shows a
typical and important loop perfor-
mance ranking result, including typi-
cal data for each category.

Cost distribution of a control loop.
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The need for CLCM?

Assessment of control loop behavior
is as old as controller design. In the
design phase, the designer usually
creates a controller that satisfies some
given performance specifications.
Unfortunately, these performance
specifications often cannot be evaluat-
ed using measurement data obtained
from normal plant operation.

In helping to resolve this issue con-
siderable research has been carried
out to develop a holistic and non-in-
vasive methodology that can automati-
cally assess controller performance.
An overview of ongoing research is
presented in [3].

Automated CLCM is
highly attractive in most
plants because there are
simply too many control
loops to be maintained by
one service engineer on a
regular basis, ie, at least
every six months.

The most obvious and serious control
loop problem is a persisting oscilla-
tion. Reasons are manifold: bad con-
troller settings; external problems;
valve friction; equipment failure; or
process-related reasons. Irregular de-
viations from targets are more difficult
to analyse. Luckily nowadays, oscilla-
tions and poor performance can be
automatically detected — with help, for
example, from what is known as the
Harris Index [2]. However, the main
challenge of diagnosing bad perfor-
mance remains.

CLCM typically focuses on basic con-
trol loops that are vital in achieving
the targeted product quality and plant
performance. However, in situations
where highly advanced control loops
are used, more advanced supervision
functionality is needed. Advanced
control (eg, a model-predictive con-
troller) relies heavily on the assump-
tion that the underlying basic control
loops perform satisfactorily. CLCM
ensures this requirement.

CLCM in industry

The chemical, petro-chemical and
pulp and paper industries were the
first to apply CLCM methods and
have, over the years, built up consid-
erable experience. More recently,

Loop ranking overview for a typical plant in
the process industry.
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there have been successful applica-
tions in power plants. The increasing
number of academic research groups
and the increasing interest from differ-
ent automation system vendors is an-
other indication of the usefulness of
CLCM.

CLCM includes single-
loop analysis (bottom-up)
as well as plant-wide
analyses (top-down).
ABB is first to offer this
superior combination.

This interest is also an effect of the
more general trends affecting asset
management. These trends have
been recently published by the ARC
group [4]:

m Deliver recommendations, not only
pure information.

m Extend the usage of current assets
(no trend to replace current
equipment).

m Provide tight integration with the IT
environment.

m Reduce plant staff and increase
competitiveness by creating a new
maintenance paradigm.

Modern CLCM tools strive to support
these trends. In fact ARC recommends
the combination of control loop con-
dition monitoring with a controller
tuning tool.

ABB has adopted this idea and inte-
grated both functionalities into what it
calls the Optimize'™ Loop Performance
Manager (LPM) tool [5].

What'’s on offer from ABB

ABB offers CLCM functionality on dif-
ferent levels of it’s Industrial'™ automa-
tion palette H.

Optimize'™ Loop Performance Manager
(LPM)

ABB'’s Optimize'™ Loop Performance
Manager (LPM) is a general and pow-
erful tool for controller performance
condition monitoring. It combines
both control loop assessment and
controller tuning functionality, and
runs with any automation architecture
via OPC data connectivity . The lat-
est version also includes a Plant-wide
Disturbance Analysis module which
has proven to be able to locate plant-
wide disturbance root causes very
successfully.

LPM’s control loop auditing not only
indicates the best and worst perform-
ing loops in a plant section, but it also
gives detailed analyses on how to re-
move identified problems. These
problems include discrepancies in the
final control element, external distur-
bances, and controller tuning.

Controller hardware: Control™ AC800M
On the field device level, some basic
functionality exists for control loop
condition monitoring. For example,
oscillations due to valve stick-slip be-

havior are very common. These oscil-
lations can be automatically detected
by ABB’s AC800M controller. Not only
this but the AC800M controller can
overcome the sticking valve move-
ment by adding pulses to the manipu-
lated variable so the valve moves to
the desired position [6]. B shows a
typical measurement signal (PV) in a
control loop exhibiting stick-slip and
the corresponding AC800M functional-

ity.

The controller can detect sticking
valves and apply a stiction compensa-
tor algorithm to guarantee best possi-
ble controller action until the next
valve maintenance.

CLCM is able to detect
loop performance
deficiencies and can
contribute to substantial
gains once the appropri-
ate maintenance actions
have been taken.

System 800xA: Asset Optimization and
control loop asset monitoring

ABB’s 800xA Asset Optimization Sys-
tem includes fully automatic loop
monitoring functionality via a so
called “Control Loop Asset Monitor”.
By that the detection and diagnosis of
control loop problems is fed into the
asset optimization data handling of
the 800xA system [7]. Messaging, con-

Automation architecture indicating controller condition monitoring

functionality (red arrows).

Bl ABB Loop Performance Manager (LPM): loop auditing window.
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nection to the computerized mainte-
nance management system (CMMS),
and access to historical data and other
real-time plant information helps the
user trace problems and initiate cor-
rective actions.

Industrial applications

Without any doubt, industries experi-
ence various control-loop related
problems. These problems may vary
depending on the industry in ques-
tion.

According to a recent
editorial from the Hydro-
carbon Processing Jour-
nal, “Without properly
tuned control loops to
minimize variability, and
updated process models
used by the advanced
controls to reflect real
constraints and business
objectives, substantial
benefits are lost”.

A simple example is to compare the
high-precision position controller in a
disc drive with a surge tank level con-
troller in a paper mill. Obviously,
both controllers share the same task
but their respective benchmarks
should be set on two different

scales.

Consequently, some of the
control performance monitor-
ing methodology would fit
the first application, some of
it the other. Since control per-
formance monitoring tradi-
tionally originates from the
process industry, most estab-
lished methods focus on the
problems that are typically
encountered in this industry.

Tag number

Diagnosis of controllers in the
(petro-) chemical and pulp and
paper industry

@ shows a subset of data be-
fore and after a performance
improvement initiative in a
pulp mill. CLCM methods
detected oscillatory control
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loops, and experiments verified the
diagnoses. The subsequent improve-
ments are obvious from the data col-
lected later.

Diagnosis of controllers

in power plants

CLCM-related problems in power
plants are very similar to those in oth-
er industries. Some aspects, however,
do differ, such as the total number of
control loops is somewhat lower than
in the chemical industry. This allows
greater sophistication when it comes
to the configuration and tuning of
each of the loops. Cascades, feed for-
ward and more advanced control log-
ics are also more common and CLCM
needs to take such configurations into
account.

B Improvement of controller performance after application of CLCM
with subsequent maintenance.
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One important point is the ability to
classify CLCM results by the current
load situation in the power plant. Con-
troller behavior is typically a function
of the load (eg, high, low, start-up,

ABB’s CLCM has caught
the attention of various
industries, and many are
starting to apply such
techniques.

load change) or of other properties like
raw material type etc. Modern CLCM
methods do consider such conditions.

Diagnosis of control-relevant
disturbances in cold rolling mills

In the rolling mill industry,

a few highly sophisticated
control loops are needed
for tension and thickness
control. However, the appli-
cation of standard CLCM
methods in the rolling mill
industry is perhaps not as
straightforward as in the
chemical industry, as recent
applications of these meth-
ods have produced results
that are difficult to interpret.

On the other hand, where
CLCM functionality has been
specially designed for rolling
mill applications, the results
have been very encouraging.
To be more specific, CLCM
functionality has been suc-
cessfully designed to diag-
nose and remove periodic

Special Report Automation Systems
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ABB Operate'™ screen for the diagnosis of periodic disturbances.
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disturbances which are predominant in
rolling mills [9], and a typical automat-
ed diagnosis screenshot is shown in H.

Beyond single-loop controller condition
monitoring

CLCM is able to detect loop perfor-
mance deficiencies and can contribute
to substantial gains once the appropri-
ate maintenance actions have been
taken. However, there are cases
where the plant is not properly opti-
mized even though the controllers

are performing well. In such cases, it
is highly probable that the current
controller structure is not sufficient.

A systematic and fast way of assessing
the controller landscape and the pre-
vailing automation infrastructure is by
using a benchmarking service provid-
ed by ABB [10].

Conclusions

CLCM is inherently a passive and auto-
matic technique which has caught the
attention of many industries. The ben-
efits gained by removing control per-

The benefits gained by
removing control perfor-
mance bottlenecks and
performance degrada-
tions due to bad control
are substantial.

formance bottlenecks and perfor-
mance degradations due to bad con-
trol are substantial. So much so that
more and more industries and compa-
nies are starting to apply such tech-
niques.

ABB’s research and product variety
has enabled a flexible application of
CLCM across many different indus-
tries. These applications have been
adapted so that the existing hardware
at a customer site is used. CLCM can
be applied to any process architecture
regardless of whether ABB’s 800xA
System or a third-party DCS is in-
stalled.

Alexander Horch

ABB Corporate Research,
Ladenburg, Germany
alexander.horch@de.abb.com
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