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Optimal web tension control with
a dSPACE prototyping system
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Fig. 1: The VESTRA paper coating system — the pilot coater at PTS, Munich.
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When paper is finished in a coating system, it can
be given either a glossy surface or a smooth, matte
or closed one. Coated and processed paper meets
the highest standards of printing quality. However,
the production of coated paper is prone to web
breaks, which causes productivity losses. Current
coaters either cannot compensate for huge varia-
tions in web tension, or do not compensate suffi-
ciently.
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Modern coating systems are con-
tinuous production plants where
the paper webs are processed at
different production sections. The
paper runs through several process-
ing steps and must endure elastic or
plastic deformations. The individual
subsystems are coupled with each
other by the running paper web
itself. This significantly affects web
stability throughout the entire coat-
er and can even cause web breaks,
resulting in idle times and plant
standstills. Fluctuations in web ten-
sion arise throughout the system
from changes in the physical
parameters of the paper web dur-
ing coating or in speed variations of
the plant, from malfunctions or
from applying/removing the blade

and resulting coupling effects that
are transmitted throughout the
whole coater by the web. Conven-
tional tension controllers are unable
to compensate for these fluctua-
tions sufficiently. If the web tension
is not held within certain bounds
(especially during coater start-up
and shutdown), the attainable pro-
duction quality may suffer badly or
even be useless. Our objective was
therefore to develop an improved
control system for the web run by
stabilizing web tension, taking into
account the electrical and mechani-
cal behavior of plant and web.

System Model of the Pilot Coater
To design an optimal controller and
implement it on the pilot coater, we

needed to acquire a thorough un-
derstanding of the entire system’s
physical and technical properties
with regard to the web run to be
optimized. We were able to model,
simulate, and analyze the entire
system using the collected plant
data and the known, nonlinear
physical system description (fluid
mechanics and elasticity theory).
We identified the following subsys-
tems, coupled by the paper web, as
the most important components of
the system:

m Drive system (motor, gear, shaft,
and clutch)

m Nip section (guide roller for the
web)

m Paper web (textile web)
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Fig. 2: The VESTRA coater with an interface to the dSPACE system for testing and verifying the new control structures.
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Pl cascade control SIEMENS S5 M31 & M47
(April 20, 2007 - II.F.1)
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Fig. 3: Comparison between conventional Pl cascade control (SIMATIC S5) and Decentralized Decoupling Control (dSPACE) at

gripping press M31/M32 at different speeds.

These components describe the be-
havior of the paper and the web ten-
sion as a function of the drive units
(motor and guide roller) and the pos-
sible load effects from friction or
from applying the coating knife at
the coating device. Our system mod-
el allows us to study coater processes
offline and provides an easy way to
test and analyze new strategies.

Properties of the Improved
Control Structures

In all continuous production pro-
cesses in which a paper web is con-
veyed through various subsystems,
the overall plant behavior in relation
to the paper web is complicated.
The individual processing sections
and/or nip sections (gripping press-
es or rollers) are coupled with one
another via the paper web. Any un-
desired variations in web tension
first affect the source subsystem
and are then passed to succeeding
and preceding subsystems. The con-
trol structures must therefore have
the following properties:
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m Good reference tracking (short
transient time and small over-
shoot) and disturbance rejection
of the control loop

m Robustness (for handling param-
eter uncertainties or variations)

m Good decoupling of the subsys-
tems (optimal suppression of
coupling effects)

To facilitate the implementation of
the new control structures on the
VESTRA coater, we decided to use
rapid control prototyping with a
dSPACE system. The dSPACE sys-
tem was connected to the VESTRA
via a specially developed electronic
interface (see fig. 2) and allowed
direct control of drives M&8/M9
(gripping press 1), M47 (applicator
device JetFlow-F) and M31/M32
(gripping press 2).

Decentralized

Decoupling Control

Our first approach to stabilizing the
web run is Decentralized Decou-
pling Control. Simulations allowed

us to efficiently study and compare
conventional Pl cascade control
(the control structure in the SIMAT-
|C S5) and Decentralized Decou-
pling Control with respect to con-
trol performance, robustness and
decoupling properties. The simu-
lated plant behavior with Pl cas-
cade control reflected the qualita-
tive and almost the quantitative
behavior of real plant if delays due
to slow cycle times and communi-
cation delays (due to the ProfiBus)
are taken into account. First the
standard Pl cascade control was
tested with the Siemens SIMATIC
S5 and with the dSPACE system.
Both had an identical controller
structure and design. However, the
dSPACE system provided clearly im-
proved control performance simply
because of its fast cycle time (the
time the microprocessor takes to
execute the programmed algo-
rithms) and its negligible communi-
cation delays (unlike the SIMATIC
S5, the dSPACE system is connect-
ed to the inverters directly).

- © dSPACE GmbH, Paderborn, Germany - info@dspace.com - www.dspace.com



TU MUNICH/PTS

On the other hand, the coupling
effects due to the paper web are
approximately the same for both
systems. The Decentralized Decou-
pling Control at gripping press
M31/M32 implemented on the
dSPACE system reacts noticeably
faster and more effectively to
events such as the propagation of
tension fluctuations arising from
applied or removed coating blades
or from changing reference ma-
chine speeds (VREFM). The web
tension TACT M31 at gripping
press M31/M32 is considerably
smoother (see fig. 3).

In comparison with conventional PI
cascade control, Decentralized De-
coupling Control achieves high to
very high control performance
quality: good reference tracking,
good disturbance rejection and
broad robustness under varying
production conditions.

Feedforward Torque Control of
Applicator Roller

One of the most critical situations
during paper coating arises when
the coating knife (blade) is applied
to wipe off excess coating color.
The blade imposes a load on the
coating device’s impression roller
and generates a load torque M*|;
with pulse-shaped behavior at the
time of blade application. Adding
the coating color results in a
change in paper properties
(Young’s modulus AEi.1,;) and in a
certain amount of “lubrication”
between blade and paper. This re-
duces the effective torque to an
approximately constant value that
the impression roller drive has to
compensate for continuously dur-
ing the coating action in order to
maintain the desired speed and/or
tensile force (web tension). With-
out feedforward torque control of
the applicator roller, this dynamic

load torque on the impression roller
causes a noticeable drop in speed,
which inevitably leads to decreas-
ing web tension at the nip section
and to increasing web tension at
the succeeding subsystem. These
tremendous tensile force fluctua-
tions in TACT M47 may lead to un-
desired and dangerous web breaks.
Our second approach is therefore a
feedforward torque control that
can be implemented modularly at
the specified applicator roller and
independently of any preset control
algorithm used at the coating de-
vice. If the respective moments at
which the blade is applied or re-
moved, (i.e., the start and end of
coating) are known, the feedfor-
ward torque control we have devel-
oped provides almost complete
compensation of the load torque. It
does this by means of the feedfor-
ward torque MFFC_Blade, whose
characteristics can be determined,
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Fig. 4: Coating device M47 (JetFlow F) with coating knife (here: bent blade) — Comparison
with and without feedforward torque control of applicator roller.

dSPACE Magazine 2/2008 - © dSPACE GmbH, Paderborn, Germany - info@dspace.com - www.dspace.com



PAGE 45

“The fast cycle times of the dSPACE system
alone resulted in considerably improved

control performance.”

Christoph Hackl, Technische Universitdt Minchen

e.g. empirically, and stored in look-
up tables. The feedforward torque
control of the applicator roller was
implemented and its applicability
was verified at the VESTRA by sim-
ulation and experiment. Almost
precise compensation was achieved
(see fig. 4).

Result

We developed a simulation toolbox
consisting of several modules for
individual nip sections (drive, roller
and paper web) and for the entire
VESTRA. This toolbox facilitated the
efficient testing and offline verifica-
tion of both new control structures:
the Decentralized Decoupling Con-
trol and the feedforward torque
control. The new strategies were
implemented on the actual plant
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via the extended electronic inter-
face between the dSPACE system
and the VESTRA.

Decentralized Decoupling Control
provides a simple, efficient, and
automatable tool for controller de-
sign for coupled subsystems in con-
tinuous production. It achieves high
to very high control performance
quality: good reference tracking,
good disturbance rejection, and
great robustness for use even un-
der widely varying production con-
ditions. For a particularly smooth
web run, Decentralized Decoupling
Control should be installed at every
defined nip section.

The feedforward torque control of
the applicator roller greatly reduces
the risk of a web break. The effect
of applying and removing the coat-

Glossary

Cascade control —

Nested control loops. The overall
plant is divided into smaller con-
trolled systems to simplify controller

Decentralized decoupling —
Specially designed state space con-
trol that minimizes the coupling ef-
fects of the remaining system on a
specific subsystem.

Nip section —

According to an idealized model,
each subsystem at which the web
does not slip through or is subject to
lateral offset.

ing knife (blade) can be compen-
sated for almost completely.

Both control concepts and the sim-
ulation toolbox are generally suit-
able for use in continuous produc-
tion processes (paper, foil indus-
tries, etc.). Our results show a
considerably smoother web run
due to stabilized web tensions that
overcome the disadvantages of
conventional control and minimize
the risk of web breaks and associ-
ated idle times.
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