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Abstract

Motor control offers a huge variety of area or custom
specific solutions. These possibilities can be found in the
process control system (PCS) also. However uncounted
variants of device parameterization, different cyclic
process image definitions and watchdog checks lead to a
high complexity, which can be reduced by the
consequent usage of profiles. Also today there are some
profiles in use, but they are built from the field bus
communication view point. This article introduces an
approach which presents both, drive control and device
diagnosis from the process control systems point of view,
in order to reduce engineering cost. The suitability of the
approach has been verified in a prototypical
implementation.

Keywords: Electrical Integration, Process Control,
Connectivity Profiles, Alarming and Sequence of Events

Note: Part of this article already got published in
German language at the VDI Automation [1].

1. Introduction

Increasing complexity of single device as well as
branch- and customer specific solutions are the reasons
for an increased time demand for the integration of
electrical devices into modern process control systems
(PCS). The adaptions are due to a huge variety of
reasons, like specific customer designed operator
faceplates, information aspects to be displayed and the
parameterization of (1) the devices themselves, (2) the
IEC61131 [2] motor function blocks, (3) the correct
activation of the electrical devices by the use a
predefined process image, as well as (4) alarms from
IEC61131 and from the devices themselves (Figure 1).

The device classes discussed in this article cover the
complete spectrum of drives, containing e.g. simple
breakers or motor starters, soft starters and frequency
converters, low voltage entire motor control centers
(MCC). The number of variables used in those

applications easily extends the range of three digits and
can be classified towards the areas of:
e Control
Operation
Status
Measurements
Feedback
Optimized motor control (for drives only)

The characteristic of the industry segment or
customer itself has a significant impact on the
complexity of the engineering solution, as projects like
to specify motor control individually. Very typical cases
are differences in design (e.g. colors, symbols) and
content of the operator faceplates. Furthermore device
specific / device internal control applications add
additional complexity by e.g. logic.

But even without considering those aspects the level
of complexity rises by the product of the number of
e Device classes (e.g. motor starter, soft
starter, frequency converters, low voltage
switch gears) — k
e Device manufacturer — m
Industry segments —n

This is shown in Figure 2 and obviously raises the
engineering costs dramatically. The level of industry
segments is only used by some companies in order to
reduce the project specific engineering cost by using
industry-area specific function block libraries. This
reduced effort in the project specific engineering
however induces a much higher level of complexity for
maintaining the libraries.

It is not really surprising, that different solutions use
different identifier names, even for one and the same
signal. Even worse, different solutions use different
value ranges and scaling factors (e.g. percent of value
range or different physical units). And, not to forget,
some information is received or processed from different
users or task within the system — even with different
priorities like the process value itself and alarm
generated because of a crossed boundary.
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Figure 1. Electrical device integration schema.

Hence, the multitude of solutions is not only caused
by — justified — industry or project specific differences,
but also on a missing coordination between the device
manufactures, the process control systems provider and
the engineering companies. This originates another
problem: in today’s engineering one has to fix which
manufacturer and which type of device will be used
before the engineering work can begin. Later changes in
the device’s type or manufacturer lead to conspicuous
rework.

This article gives an overview on existing profiles and
their usage and, based on this, it points out existing gaps
related to variables and use cases. The differences in
implementation resulting from those gaps influence the
exchangeability, the maintenance effort and the changes
for future development. Existing profiles are not given in
GSD, but just standardize the 10 data transferred via a
specific 10 protocol (on the bus). Even the minimal
solution, which just standardizes today’s commonalities,
is easier formulated than realized.

Consequently, this article introduces and discusses the
concept of a generalized mapping layer. This mapping
layer should act as generic link to the device descriptions
(represented in GSDML — GSD Markup Language [3])
and the corresponding use case or project specific logic
(implemented in IEC61131). The device description can
then be provided either directly using the proposed
profiles or, they must be prepared to be used in a
mapping operation, in which the profile variables are
mapped directly to the ones provided by the electrical
device.

Besides signals for control and monitoring, modern
devices also offer a multitude on diagnosis and
maintenance related information. This information
should be provided to the different receivers in a self-
explaining but not excessively way. Thereby one can
make use of similar unifications, as for the IEC 61131
variables, even if the different information receivers do
have a strong diverging demand on information type and
detail level.
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Figure 2. Complexity of usage of 61131
motor function blocks in engineering.

2. Existing profiles and standards

There already exists a large variety on standardizes
profiles, e.g. [7,8, 9and 10]. Thereby the technical
implementation for subareas — as e.g. the communication
of device and Master/IO controller — is described in
(mostly extremely high) detail.

However, they don’t describe how to integrate
different standards towards one single system.
Furthermore, it is in the standard’s nature to describe
only sub-aspects of the overall solution, i.e. two
solutions using the same set of standards will integrate
those standards in a different and non-compatible way.

Furthermore, profile standards as well as specific
solutions are (at least up to a certain level) dependent on
the protocol services (e.g. alarming) of the fieldbus
standard used. A special challenge arises from
information, which is only available in profile standards

or manufacturer’s handbooks, but which is not provided
in a machine readable format within the device
description (PROFINET GSD, device root file).
However, this is a minor problem, as two of the main
advantages of the usage of profiles are the well-defined
structure of the IO data and that such a fixed coding can
be replaced by a flexible GSD device description later
on.

3. Unified Motor Control Applications

From the process control system perspective only the
electrical device, i.e. the motor control, is a visible
instance. However, talking about the physical actuator
the electrical device is just the interface between process
control system and actuator.

Motor control is classified today mainly according to
the working characteristic of the actuator attached to it
(cf. Figure 3). The valve actuators — shown on the left
hand side of Figure 3 — are distinguished from the
directly acting motors (e.g. pumps) — shown on the right
wing of the class diagram — by their functionality: a
motor receiving an “on” command, turns on and keeps
running until it receives an “off’ command. A valve
actuator receiving an “open” signal turns on, but shuts
off again, when the given end position got reached.

Motors can be distinguished further in switched and
variable gears and finally towards On/Off, Multi-Speed
and Bidirectional types as well as variable speed and
variable torque, respectively.

3.1 Hierarchy of (structured) IEC 61131 variables

On the top level of the class diagram shown in
Figure 3 (Equipment) only basic commands are
available. Hereunto belongs for example of an output
variable the failure reset (of a function block for motor
control) and as an example of input variables (of a
function block for motor control) different feedback
signals of operation readiness, of operation mode and of
the alarm- and warning status.

The second layer extends the output side by the start
command (start respectively open). The input side of
motors is extended by general feedback signals
concerning the physical status of the motor. Examples
for this are the actual current, overload or slack. Those
variables of long-term usage are not needed for valves
and justify the split made between those categories once
again. Valves, on the other hand, need variables
reflecting the actual state, i.e. position of the valve, as
e.g. closed or opened for n %.



In the same way must the class of variable speed be
equipped with feedback signals (inputs) of the actual
speed. Furthermore, motor control function blocks of
this class need input variables for overload and direction
switchability as well as output variables for fast stop or
for special run-up and run-down profiles.

The main difference in between variable speed /
torque and switching stages arises from the control
method: Closed versus open loop control, respective
analog versus binary control.

A motor control on the basis of switching stages
needs one Boolean variable in the output (and
consequently also in the input) for each of the stages
representing the switching command (output) and the
corresponding feedback (input). Obviously, there only
can be one of those Boolean variables being true (mutual
exclusion), i.e. 3 Bit might be enough.

A variable motor control needs quite a number of
(real type) variables, as e.g. the current speed / torque
(mostly in percent of the maximal value), the setpoint or
starter curves.

The bi-directional class contains a Boolean variable,
characterizing the direction of the movement, e.g.
forward. Of course, in theory, it would be possible to
integrate the bi-directionality in the variable speed class
already by allowing for negative speed or percentage
values. However, this approach is not accepted in
industry. Instead technical redundant signals are used in
order to increase reliability. Though, the goal wasn’t to
find a minimal model, but one that allows fulfilling all
the given boundary conditions also. Thereby it is also
possible, to use the additional degree of information in
automated fault detection and management.

3.2 Preparation of function block libraries

From a technical point of view, the easiest solution
for the problem would be, to make all manufacturers of
electrical devices using standardized structured IO data.
And also make them using the same variable signatures
in IEC 61131 function block libraries as they use in
GSD. In other words: while existing profiles only
guarantee the unity of the bitmaps on the bus, it is
claimed in here additionally to have the variable names
matching the simple (automatic) IO mapping.

However, the corresponding implementation would
require the change of all products at about the same time;
including necessary transformations for existing
products to preserve the status quo of running systems
(the latter is definitely expected by all actual library
users). For this reason it seems to be the most efficient
solution to just add a converting layer (mapping block).
To use this layer efficiently in engineering, it is
recommended to encapsulate those (now) two blocks in
such a way that the IEC 61131 programmer still has to
instantiate only one function block per motor control.
The corresponding wrapper concept is shown in
Figure 4.

The core element in this is the generalized set of
variables, which is encapsulated by the mapping layers.
The “northern” one offers the conversion of existing
library elements towards the generalization, whereas the
“southern” layer offers the conversion of the device
variables onto the generalization. Thus, it is not
necessary, to create n times m sets of variables, but only
n plus m. This approach facilitates both, supporting the
integration and expansion of existing systems as well as
offering dedicated additional variables, not represented
in the standard.

Equipment
Motorized
Motor
Valve
Switch gears Switch gears Variable gears
Open/Close Mot. Position . . Variable Variable
Valve Control Valve On/off Off/On1/0n2 Bidiiectional speed torque
binary analog binary binary binary analog analog

Figure 3: Class diagram of motor control (without special cases).
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Figure 4: Transformation of the situation
shown in Figure 2: In between the device
specific GSD-file and the process control
system two mapping blocks are
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3.3 Software Maintenance Aspects

Using standardized access mechanisms along an
object oriented heredity hierarchy enables the chance to
create a much more flexible engineering process. The
problem thereby arises from the fact, that despite
IEC 61131 offering object orientation in the meanwhile,
most project control systems don’t. Consequently, a
solution is necessary, which is based on the heredity
hierarchy on the one hand, but does not use object
orientation (explicitly) on the other hand.

Nowadays, manufacturer and type of an electrical
device must be known in detail before the HMI and
control code application work can be started. As the new
concept bases on a device independent application layer,
this HMI and control code application work can be
started much earlier. This reduces the engineering effort

and also enables / simplifies the usage of device
simulation  technologies [4] for e.g.  virtual
commissioning of electrical devices on a level of
accurateness, that would be acceptable even for the
factory acceptance test (FAT).

Thinking beyond today’s state of the art, the
generalization presented in here could become door
opener for model-driven engineering, which’s main
break shoe is the individuality of the plant. The
corresponding future workflow would be based on a
continuing refinement. Thereby one would start on a
very abstract level by defining the basic functionalities.
Based on this, the instantiated components would be
successively and recursively augmented with specific
characteristics and detailed behavior.

3.4 Usage in Engineering

Using generalized sets of variables facilitates the
definition of generalized user interfaces (faceplates) — as
shown in Figure 4 at the top right. Thereby it is
irrelevant for which device this faceplate will be used
afterwards. Consequently, this engineering step can be
executed long before anybody knows which motor type
will be used effectively. The faceplate will then only be
adapted to the real situation as soon the motor type is
defined. This is made possible by dialogs and displays
(i.e. faceplates) faded in and out dynamically. However,
this premises the motor controls to identify themselves
automatically and unique. And finally, this requires the
process control systems to support object oriented
hierarchical structures including a multidimensional
heredity. An auspicious approach leading in this
direction is discussed in [5].

The concept is also robust, if intelligence or functions
move “into field” — like with IEC 61850 [11] as the
interface in between components is independent of it.

3.5 Example

Figure 5 shows the software architecture of the
example used for validating the approach on a real
example. Thereby, the discussed interaction was created
for the Universal Motor Controller (UMC) from ABB
Stotz AG. The implementation of the wrapper concept
thereby did not lead to a significant delay in response
time as the processor speed of the ABB 800M Controller
used for this example was much higher than the cycle
time used for communication.

At the top (input side) and at the bottom (output side)
of Figure 5 the mapping from device specific towards
profile based variables (and vice versa) is shown. In the
left hand side of Figure 5 the function block (Core Motor
Block) and on the right hand side SCP-block is shown.
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Figure 5: Software architecture of the example.

The system is designed in such a way, that we do not
have to switch immediately from today’s proprietary
signal sets towards the profile based ones, but still can
use all the existing function blocks and all the existing
motor controllers. However, the path got paved to
replace all the proprietary signals. The transformation
works as follows.

The first level of implementing the wrapper concept
is shown on the left hand side of Figure 6. The wrapper
receives the data from both, the original motor control as
well as the original function block.

Based on those values, the corresponding mapping
layer (one for each side) calculates the standard
connectivity profile based signals. From outside, the

Standard
HMI 10

Standard
HMI 10

Librar{:{\specific

block now deals with the new variables, i.e. the
standardized HMI is operated based on the new variables
only.

The function block obviously is implemented in the
traditional way (i.e. without any adaptions or changes)
using its specific in- and outputs (e.g. FBI, StatActl).
This means, that only the communication from the
hardware (the UMC) to the function block and vice versa
get interrupted by the wrapper blocks, which are not
visible for the engineer later on. In this stage, the
wrapping layer could also only be used to connect the
profile based Standard HMI towards the device and the
function block, respectively.

The second level of implementation is the usage of a
profile based motor controller, i.e. the UMC will deliver
SCP-compatible variables. In this case (which is shown
in the middle of Figure 6), the feedback or status signals
received from the motor controller already are in the new
format, i.e. the device to profile mapper is no longer
necessary.

The same is possible, if we replace the existing
function block by a profile compatible one, and operate a
motor control still using some proprietary signals. In this
case (which is shown at the right hand side of Figure 6),
the device to profile mapper maps the proprietary signals
from the motor controller towards the profile based
signal list on which the HMI and the “new” function
block is operating. The library to profile mapper can be
eliminated. This case also is interesting, when talking
about a future way of efficiently integrating 3" party
devices.

Standard
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Figure 6: Different ways of implementation.



In our experiments we could demonstrate, that it is
now easy to later-on exchange the motor control (based
on Figure 3) without a need for reprogramming the
function block’s code (the functionality of the overall
system thereby is given by the weaker partner). It also
was possible to exchange the function block, e.g. by a
version adapted for a specific customer or industry line.
Also this change did not require any reprogramming any
more.

4 Alarms, diagnosis and maintenance

The profiles for control and operations are only one
part of the overall approach. The other one is dealing
with diagnosis data. Thereby it is important to
distinguish where the diagnosis data origins. Sources can
be the device, the equipment and the process around it
(cf. Figure 7). Device diagnosis data represent states of
the device itself, as e.g. a coil temperature being too
high, or an irregular high phase shift (cos ¢). Equipment
diagnosis information is provided by equipment parts,
i.e. subordinated devices, which are functionally coupled
to the device. As an example take a motor driving a
pump. If the latter has a problem (e.g. lost motion), this
is characterized as an equipment failure. Problems in the
physical environment of the device, e.g. a stagnant flow,
are classified as process diagnosis. The challenge is to
clearly distinguish between those three areas and
perceive the dependabilities.

Alarm-
Controller [
Server
Motor- Field
— -
Control Communication

7Y

Motor

V¥

)

Figure 7: Different sources of alarms:
Process, Equipment and Device

Process

— Pump

To get the process control informed about a failure, it
is sufficient to provide them a few dedicated diagnosis
data via the cyclic process image (as already described
for the control and operation data). However, the plant
operator and especially the maintenance people need a
much larger and more detailed spectrum of diagnosis
information. The main difference in between alarms and
events is that alarms need to be confirmed by the

operator (and will stay active until this confirmation is
done), while events just document in detail the
incidences and their order of appearance. To put it
colorful: alarms should be kept in an alarm list until the
alarm’s reason got eliminated.

In the frame of this article the focus is defined on
alarms and events and is — from a structural point of
view — mainly based on the profiles created by
DRIVECOM [7]. It is suggested to use an extended
version of this DRIVECOM profile to cover all critical
diagnosis states, a device provides.

Consequently, alarms are classified on the top level
by the physical aspect, as e.g. current, voltage,
temperature, software. This is the most important
information, which definitely must be shown to the
operator. The second level deals with the part of the
device, i.e. dedicates, where exactly the failure got
produced. Examples are the coil or the cabinet. The third
level distinguishes the alarm in a more detailed
explanation. There it is documented, what exactly
happened to the physical aspect. Examples are a
shortcut, a too high temperature or a too small torque.
The fourth level finally provides detailed information, as
e.g. located in phase 3 or shortcut U-V.

To avoid alarm avalanches, the process control
system collects all alarms and concentrates them on a
basic set of accumulated alarms for each of the alarm
classes device, equipment and process. Those
accumulated alarms are then passed to the alarm lists of
the system to inform about faults and warnings. Hence,
instead of displaying up to a hundred (theoretical)
possible alarms, a maximum of six alarms will be
observable.

The total history of alarm telegrams delivered by the
alarm service is recorded in detail. As demonstrated in
Figure 8, it is distinguished between

e  System alarms, which mainly are:
o communication problems,

o device diagnosis, which is covered by
the suggested extended DriveCom
profile, and

o equipement failures

e Process events using sequence of events,
which mainly are given by control loop
errors.

As a specialty, PROFINET IO specifies a mapping of
active channel alarms to parameter records. This means,
that device management system (which typically do not
have access to alarm lists) can directly access those data
via acyclic service.



5 Conclusion

The goal of this work is to reduce development times
and pioneer for a single, manufacturer independent
standard for the efficient engineering of electrical
devices into the process control systems by the use of
profile based IEC 61131 function blocks. The feasibility
of the approach presented, got validated successfully,
using standard components out of the shell.

The standardization also affords a much easier
configuration of testing tools (like e.g. [6]). In
combination with automatically generated test
sequences, this leads to a much more efficient testing
approach, reducing the time necessary for testing
drastically by increasing the test coverage concurrently.
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