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Abstract: A control system for the control of HVDC, SVC and
other FACTS devices can be developed, tested and debugged
using an electromagnetic transients simulation program. The
paper presents a procedure for the direct conversion of this
developed emtp-type model into the control language for a
real world implementation. The procedure is validated by
comparing the simulated emtp-type output with that from the
real- world control system automatically derived from this
code. The procedure has been implemented on the PSCAD/
EMTDC emtp-type program and produces control software
that can be loaded on to the SIMADYN-D control system. The
benefits of this capability are to achieve faster design of complex
controls with greater accuracy and reduced engineering costs.
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I. INTRODUCTION

Simulation using electromagnetic transient pro-
grams {emtp) is gaining wider application in studies concern-
ing the performance of Power-Electronics and Controls. Such
studies include High Voltage Dc Transmission Static VAR
Compensation Systems and Flexible Ac Transmission Sys-
tems (FACTS). Several earlier authors have developed
detailed models for the simulation of HVDC and SVC Con-

trol Systems [1,2,3]. One reason for this trend is the increas-
ing confidence in the models for typical control blocks
available in the real system. It is indeed possible to have an
exact representation of the manufacturers' control blocks in
an emtp-type program. One such implementation is that of
the Siemens SIMADYN-D control library which has been
exactly represented in the emtp-type program PSCAD/

EMTDC [7].

Present day methodology requires that after the suc-
cessful completion of the control and protection simulation
studies, the optimized control topology as well as the control-
ler parameters have then to be included in the actual hard-
ware implementation. This requires great care, particularly
when the control systems are very large and have an
extremely large number of gains, limits, time constants and
so on. It would therefore be more convenient if the actual
hardware installed in the real plant be directly set from the
emtp-type program. This is particularly possible today,
because of the use of digital controls which are programma-
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ble via software. The authors report here on a prototype sys-
tem that has been developed which allows the generation of
software for the Siemens SIMADYN-D Control System from
PSCAD/EMTDC. Thus, when the desired control system
design has crystallized after the completion of several simu-
lation studies, the designed control system can be directly
implemented in the real controls,

The actual implementation concept is shown in Fig.

1. The SIMADYN-D system is programmed using a lan-
guage called STRUC-L in which the controls are defined.
This language is then compiled into assembly within SIMA-
DYN-D and the resulting assembly code used in the DSP
based control hardware. For ease of data entry, SIMADYN -
D provides a graphical interface (STRUC-G) to STRUC-L.
The simulation software PSCAD/EMTDC, on the other
hand, also has a graphical interface (DRAFT) to generate the
data files and the FORTRAN code necessary for ranning the
actual EMTDC program. The run itself is fully interactive via
the RUNTIME module, in 2 manner similar to analog simula-

tors[4].

1
DRAFT
(Graphical Entry) : (SGTRr;EISi:cﬁ)
i STRUC-L
(Higher Level
RUNTIME ] Language)
| y
1 HARDWARE
] Assembly Lang.
(Simulation) ] (Real Controls)
PSCAD/EMTDC | SIMADYN-D
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Fig. 1. Interfacing of PSCAD/EMTDC and SIMADYN-D

The link between the real controls and the simula-
tion software is made between DRAFT and STRUC-L. The
DRAFT program already contains detailed models of the
blocks of the SIMADYN-D library. These blocks, when com-
piled, generate FORTRAN code for PSCAD/EMTDC. An
additional control switch can easily be incorporated into
these blocks, so that instead of generating FORTRAN code,
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they generate STRUC-L. The connection between blocks is
already defined by the connections shown on the DRAFT
palette and is the same for the simulation as well as the real
implementation. In a similar manner, STRUC-L code could
also be read from the real controls and implemented in
PSCAD/EMTDC, although this feature is not yet imple-
mented. '

'The paper will show a simple implementation of
this concept using basic control building blocks.

II. PESCRIPTION OF SIMADYN-D CONTROL SYSTEM

The SIMADYN D control system [5] is a multi-
processor system for fast closed-loop control and arithmetic
operations, open-loop control and monitoring and for signal-
ling and logging. The programmable SIMADYN D control
system is used by Siemens for all HVDC, SVC and FACTS

applications [6] where it is utilized both for control and pro-
tection functions.

A. Hardware

The multi-processor control system is made up
of various plug-in boards optimally configured in a rack for
HVDC and SVC type applications. Several different proces-
sor boards can be used depending the application and periph-
cral interface requirements with up to eight processor boards
in one sub-rack. Each processor board has its own program
and data memory and processes its allocated tasks indepen-
dent of other processors. The program memory sub-module
inserted in each processor board contains the system and
application software. The parallel processors communicate
via a local bus through a communication buffer board. Input/
output boards interface the processors to external systems
and signals with normalized input and output levels. Inter-
face sub-modules which can be inserted in the processor
board provide standardized serial interface (20 mA, V.24 or
EIA 485) for data exchange with other equipment and sys-
tems. Separate Communication boards are also used for
serial data exchange i required.

B. Software

The programming of control or protection func-
tions, including all control parameter settings, is done in a
high level programming language called STRUC-L, with
function blocks available from an extensive library of control
functions. The library consists of control blocks, converter
specific blocks, arithmetic blocks, logic and switch blocks,
and input/output biocks. Execution time step of these func-
tion blocks from 100 pus and up are assigned according to the
response time requirements of the particular control loop or

protection application. Up to five different sampling times
can be assigned to each processor. The valve firing system
("trigger set") and extinction angle measurement are spe-
cially created function blocks for HVDC applications with
corresponding specific high-speed processors that ensure fir-

ing pulse and extinction angle accuracy of +0.1°. The soft-
ware also inciudes the communication functions to handle
data transfer within the SIMADYN D system and with exter-
nal systems. Diagnostic software identifies errors/faults in
the SIMADYN D system and provides external signals to
allow the appropriate contingency actions such as switch-
over to a redundant control channel. The software is self doc-
umenting and the control structure is directly entered using a

graphical user interface (called STRUC-G) as in Fig. 2. On
compiling, STRUC-L code is produced as shown in the

sample listing in Fig. 3.
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Fig. 2. SIMADYN-D Graphical User Interface
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Fig. 3. STRUC-L listing
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Fig. 4. DRAFT module for wave-generator circuit

ITl. DESCRIPTION OF GRAPHICAL SIMULATION
TOOLS

PSCAD is a graphical front-end for the emtp-type
simulation program EMTDC. It allows the user to make
schematic drawing of control circnits using one of its mod-
ules called DRAFT. In DRAFT, the complete system (net-
work as well as controls) can be divided into many sub-
systems. This allows one to represent the controls in a modu-
lar fashion, with each subsystem representing one specific
functionality. Every sub-system is a drawing board on which
many PSCAD components can be drawn as in Fig. 4. Each
PSCAD component has a definition file defining its graphical
appearance and underlying FORTRAN simulation code. The
data for the component can be entered by filling in the pop-
up menu that appears when the component is clicked on with
the mouse.

In addition to the vendor-supplied components,

users can also compose their own components [4]. Using this
approach a comprehensive library has been developed and

tested for the SIMADYN D system [7]. Fig. 4 shows one sub-

system of the PSCAD DRAFT module, in which a SIMA-
DYN-D wave generator is simulated.

The circuit developed in DRAFT is compiled and
run through an operator console type interface called RUNT-
IME. This interface allows the user to make changes to the
run while it is in execution, in much the same manner as a

operator at a systern control console[4]. Gains and set-point
can be varied on line, switches opened and closed, system
quantities can be read on meters or plotted on graphs and so
on.

1V. DEVELOPMENT OF CONTROL GENERATION
PROGRAMS

One of the files internally generated by DRAFT
(referred to as the DRAFT file) contains the position infor-
mation and parameter table of each component. Although not
originally intended for this purpose, this file now provides a
convenient starting point for generating SIMADYN-D con-
trol code instead of the FORTRAN code that is used in an
EMTDC simulation. A PSCAD-SIMADYN D compiler was
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developed to translate this DRAFT file to SIMADYN D’s
STRUC-L language.

A. Analysis of the two systems

Several similarities as well as differences exist
between the representation of the system in the simulation
program and the actual field implementation. The similarity
exists mainly in the aspects of overall system behavior and
the control circuit structure. However, in the real-world
implementation, there are usually additional details, such as
analog to digital conversion interfaces, redundant modules
and input/cutput functions, which are simplified in simula-
tion. On the other hand, in the simulation system, there can
be several functions mainly used to monitor or control the
simulation which do not need to be included in the real-world
control system. Thus, it is very important to define a border
in the simulation system, to distinguish those functions
which are to be compiled into real controls from those that do

not need to be compiled. Fig. 5 shows the relationship
between a simulation system and a real control system.

It was found out that an effective method to real-
ize this is to first partition the simulation circuit into differ-
ent sub-systems. Any subsystems that do not need to be
compiled into real controls, are identified and marked as
“non-compiled subsystems". The PSCAD-SIMADYN D
compiler program filters out these subsystems generates
the real-world control code from the remaining.

Thus only the part of the controls relevant to the
real-world implementation are selectively translated to
SIMADYN D control software for downloading to the con-
troller boards,

Redundancy

Run monitoring
and
control

functions

Control
Circuit

A/D, D/IA

Vo

Real-world tmulation
environment
Fig. 5. Control Representations in Simulation and in the

Real-world

B. Treatment of Special Control blocks not Being Simulated

As mentioned above, there are several features in
SIMADYN-D that are not necessary for the PSCAD/
EMTDC simulation. For example, a monitoring point may
be required in the field implementation for on-site debug-
ging which is of no consequence in the simulation. Since
PSCAD is also generating the real-world code, it would be
convenient if this point could be specified in DRAFT. No
data would be generated for the EMTDC simulation; how-
ever when the control code for SIMADYN D is generated,
this point would be made available. Such points are indi-
cated in DRAFT with the asterisk label as in Fig. 4, and are
entered via a specially developed PSCAD component

called “modifier” . Fig. 6 illustrates the pop-up menu form
for this component.

SIGNAL LIMITING & INITIALIZATION

Fig. 6. Input Form for medifier
C. Treatment of Special Simulation Components

On the other hand, some features in PSCAD are
very convenient for simulation purposes, but do not need
to be compiled literally into the real controls system. Such
features include interactive components such as on-line
gain setting, push-buttons and many others monitoring fea-
tures such as meters and plots.

There are also some small differences in the simu-
lation models and the real-world models which arise
mainly from conventions used. These include the interpre-
tation of wire cross-over, input/output notation and so on,
In such cases a separate subroutine has to be written for
each PSCAD component so that the circuit compiler repro-
duces the appropriate features for the type of implementa-
tion (simulation or real-world) desired.

In this project, Object-Oriented Programming is uti-
lized everywhere. A generic PSCAD component is defined
as the base class for all components, and the above men-
tioned special components are derived form the generic com-
ponent, they inherit many important features from the
generic PSCAD component (such as file format and posi-
tion information), but also have their own special functions to
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inform the compiler program how to convert them into real
control function blocks.

D. Development of Compilation Library

In order to generate real controls from the simula-
tion, the PSCAD-SIMADYN code compiler has to look up 2
library that associates the corresponding SIMADYN D block
and STRUC-L code function blocks with a given PSCAD
block. This library can be generated at development time
with great ease with the use of a specially developed Win-
dows 95 based assignment program, which runs indepen-
dently of PSCAD/EMTDC. The program interface can be

seen in Fig. 7, where the upper (right) window shows the
PSCAD component and the bottom window shows the corre-
sponding SIMADYN D component. The correspondence
between the two icons is then established graphically. Once
this library file is developed, all further development can be
carried out in the PSCAD environment without any further
reference to the assignment program.

Another benefit of using ibrary files is that differ-
ent versions of SIMADYN D can easily be incorporated.
Such need arises, for example, when upgrading the controls
to a different processor type (such as from a 16 bit to a 32 bit
SIMADYN D processor).

For the most part there is one PSCAD component
for each SIMADYN D component, with the two having an
identical graphical icon. However sometimes it is convenient
to have a simple PSCAD representation for a class of SIMA-

7 yaco XIN - sim

i BV e

DYN D functions. For example the summing junction com-
ponent in PSCAD (called sumjcts2_s) can be configured to
select he SIMADYN D components for addition ADD2,
ADD?24 (which has more accuracy); as well as the compo-
nents for subtraction, namely SUB and SUBQ4, This conve-
nience arises from the fact that functionally all four blocks
perform a similar action, and incorporating these into a single
class results in a smaller well organized PSCAD library. This
feature of allowing different SIMADYN D representations
for variants of the same PSCAD block has also been con-
structed into the assignment program. The tree structure

shown in the left hand side window of Fig. 7 shows several
SIMADYN D blocks that can be selected from the same
PSCAD block.

E. Overall structure

The design cycle for the controls can thus be sum-

marized as follows:
1. Several simulation study cycles of the controls and
power system network are carried out in PSCADY/
EMTDC and the final control strategy is defined,
The subsystems that do not need to be compiled for
SIMADYN D are identified and marked.
3. Additional modifier components are added as necessary

(optional).
4. The DRAFT to STRUC-L conversion program is
invoked.
STRUC-L code is flashed onto the boards via an
EEPROM (Electricaily Erasable Programmable Read
Only Memory) programmer.
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Fig. 7. Graphical application fer library construction
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V. VALIDATION OF THE CONTROL GENERATION
PROGRAMS

A first test of the program is a self-contained wave
generator, which is first simulated using PSCAD/EMTDC.
Then the control software is generated using above programs
and library, the results are then uploaded into the SIMA-
DYN-D control hardware and the final output is produced.

Fig. 8 shows a comparison between the simulation result and
the real control output plot. An exact match is found between
these two outputs, which validates the correctness of the
compiler program.

At this stage tests have been conducted on simple
test control systems. The next stage already under way, will
evaluate the development approach by considering a detailed
HVDC control system.

VI CONCLUSIONS

It is possible to develop an integrated environment
for simulation and control development. In this environment,
the proposed control system can be thoroughly analyzed
through digital simulation, and the crystallized design readily
converted to the software code for the real-world controller.

The features available for control modelling in
PSCAD/EMTDC can be exploited to develop this technique.
An off-line assignment program can make the task of assign-
ing SIMADYN D code to the PSCAD icon fairly straightfor-
ward.

The use of the integrated development/simulation
environment will speed up the design and implementation of
complex controls and reduce the engineering costs.
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