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Win-TDC Has Many Advantages for the End User



This brochure presents Win-TDC, the new Siemens
HVDC Control and Protection System. It is intended
for utilitieslinvestors, planners and consultants
that are planning to expand and enhance their
transmission system with a new HVDC link or replace
and upgrade existing installations.

Main advantages of Win-TDC

m Future-oriented technology for HVDC applications
with estimated product life cycle for the next
25 years

m Very high availability due to complete redundancy
at all levels with “Hot Standby” feature

m All Control and Protection Systems use the same
well proven standard hardware/software

m Very compact design

m Human Machine Interface using windows-based,
SIMATIC-standard operating system WinCC

m Very high performance Transient Fault Recorder

m Already a fully redundant Win-TDC Control
and Protection System has been thoroughly
tested for a monopolar HVDC scheme

Note:
Win-TDC SIMATIC Win CC
SIMATIC TDC (Technology and Drive Control)

The Control and Protection System plays an important
role in the successful implementation of HVDC trans-
mission. High reliability is guaranteed with a redundant
and fault-tolerant design. Flexibility (through choice from
optional control centres) and high dynamic performance
were the prerequisites for the development of our
Control and Protection System. Knowledge gained from
over 30 years of operational experience and parallel use
of similar technology in related fields has been built
into the sophisticated technology we can offer today.

All Control and Protection components from the
Human Machine Interface (HMI), Control and Protection
Systems down to the state-of-the-art measuring equip-
ment for DC current and voltage quantities have
been upgraded to take advantage of the latest soft-
ware and hardware developments. These Control and
Protection Systems are based on standard products
with a product life Cycle for the next 25 years.

The HMI is made up of Personal Computer (PC) work-
stations running on a Windows operating system.
SIMATIC WinCC (Windows Control Centre) is the
process display and control system utilised in the
HMI. It is used in all applications and branches of
industry including power generation and distribution.
SIMATIC WinCC is a comprehensive system that
includes plant operation, monitoring, operator guid-
ance, Sequence-of-Events Recorder, event analysis,
trend plots and archiving of operational data.

SIMATIC TDC (Technology and Drive Control) is a high-
performance, state-of-the-art automation system,
which allows the integration of both open-loop and
high-speed closed-loop controls within this single
system. It is especially suitable for HYDC (and other
applications) which demand high closed-loop control
performance and high computational accuracy.

DC currents and voltages are measured with a hybrid
electro-optical system, DC current with a shunt
located at HV potential, DC voltage with a resistive/
capacitive voltage divider. Both systems use laser-
powered measuring electronics so that only optical
connections are made to the ground level controls —
this achieves the necessary HV isolation and provides
signal noise immunity.

Siemens provides proven hardware and software
systems built around state-of-the-art technologies.
Their performance and reliability exceed the require-
ments specified by transmission system operators
for both new installations and control replacement.



Our HVDC Control and Protection Systems have utilised
digital computer technology since the early 1980’s.
At that time, Siemens introduced the SIMATIC pro-
grammable logic controller for switchyard controls,
switching sequences and interlocking functions.

The high-speed multiprocessor control system,
SIMADYN D, was developed as more powerful
processors became available. The first application
in the HVDC field for SIMADYN D was in 1987.
The fast closed-loop controls and protections
of the converters could now be implemented
using programmable controllers.

At that time, the HMI was also designed utilising
computer technology. A new fully guided operator
interface was implemented. Features included are
the alarm display, alarm sorting and filtering, archive
functions, trend curves, and CIGRE performance
recording.

In 1998, new developments such as decentralised
controls and the hybrid electro-optical DC measuring
system were introduced and put into commercial
service.

SIMATIC TDC is the latest development in the Siemens
family of Programmable Logic Controllers. This
new system has replaced both the SIMATIC S5 and
SIMADYN D in HVDC Control and Protection applica-
tions. SIMATIC TDC enables a larger integration of
Control and Protection functions while maintaining
redundancy.

At the same time, a high-speed optical bus was intro-
duced for the SIMATIC TDC hardware. The introduction
of the new Time Division Multiplexing (TDM) optical
high-speed bus permits the distribution of the measured
AC and DC system quantities amongst the Control and
Protection processors via redundant optical busses.

The new Control and Protection System, Win-TDC,

results in @ much more compact design with a 50 %
reduction in space requirements. Furthermore, the
integrated structure leads to a reduced component
count which also contributes to improved reliability.

The new HMI is made up of PCs running on a Windows
operating system. SIMATIC WinCC is the process display
system utilised in the HMI. WinCC-based HMI systems
are easily interfaced to Windows applications, allowing
easy data collection for further processing outside of
the HMI system.

Details of the latest Siemens HVDC Control and
Protection System are described in the following
sections to provide a better understanding of the
philosophy and principles applied in the design and
choice of hardware, thus allowing a comprehensive
comparison and evaluation with other systems.

2.1 Abbreviations

AC

CB

CFC

coL

CcpP

CPU

DC

DPT

FB

FPT

GPS

HMI

HVDC

LAN

LFM

PADU

RCI

RPC

RTDS

SER

TFR

TDM

VBE

VDU

Alternating Current
Circuit-Breaker

Continuous Function Chart
Changeover Logic
Communication Processor
Central Processing Unit
Direct Current

Dynamic Performance Test
Field Bus

Functional Performance Test
Global Positioning System
Human Machine Interface
High-Voltage Direct Current
Local Area Network

Logic Function Module
Parallel Analog Digital Unit
Remote Control Interface
Reactive Power Control
Real-Time Digital Simulator

Sequence-of-Events Recording/
Sequence-of-Events Recorder

Transient Fault Recorder
Time Division Multiplexing
Valve Base Electronic

Video Display Unit
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3.1 Control of Power Flow Using HVDC Systems
The main elements of a simplified HVYDC system are
shown in Figure 3-1. At both stations, the converters
are connected to their AC systems via special trans-
formers. Appropriate firing of the thyristor valves

of the converter bridges builds up the DC voltages
U1 and U2. The DC voltage magnitude and polarity
of UT/U2 are defined by the respective firing angles.

A typical value for the rectifier station is about 15° el.

and for the inverter about 140° el. At the rectifier
station, a slightly higher DC voltage is needed to
cause current flow through the DC system. DC current
is controlled by a current controller, with power
transfer always from the rectifier to the inverter
station.

— AC System 2

Line-commutated HVDC systems are very efficient,
with the six valves of each bridge built from uni-
directional thyristors. Due to this topology, DC current
is also unidirectional and so to cause a power flow
reversal, the voltage polarity generated by each
converter must be reversed, see Figure 3-2.

By changing the firing angle at both terminals,

the converter voltage polarities become reversed

so leading to a power reversal.
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3.2 Basic Control Functions of a HVDC System
Each station of a HVDC System has three basic
control points: the thyristor firing angles, the
circuit-breaker states (of the filter elements)
and the tap changer settings of the converter
transformers, see Figure 3-3. These three control
points are driven by the following control loops:

Tap Changer

Control (Ugio or Angle)

_____________ qmmmmmmmmmm
I
I

m Converter Control

High-speed control of the thyristor firing angles
controls the power flow through the converters
of each station. Typically, a system is used to
control the DC current (rectifier side) and the

DC voltage (inverter side).

Reactive Power Control

Since both HVDC stations absorb reactive power
(i.e. inductive) during power transmission, some
compensation is required. This compensation
must be variable since the inductive power load
increases with active power. Each station has

a reactive power controller to connect/disconnect
capacitive filter elements from the AC system
depending on the operating point of the HVDC
system.

Tap Changer Control

To maintain optimised HVDC operation over a range
of AC system voltages, control of transformer tap
changers is provided. Tap changer control varies
the AC voltage at the converter terminals to obtain
an optimum steady-state operating point.

Tap Changer
Control (Ugio or Angle)

ACF: AC Filter
Iz DC Current
Ug: DC Voltage

y:  Extinction
Angle

. Converter Control . Reactive Power Control |:| Tap Changer Control

Fig. 3-3: Overview Control Functions



4.1 Overview

The HVDC Control and Protection System at each
converter station is structured into three main levels.
Figure 4-1 shows the three levels of the HVDC control
hierarchy for one converter station of a bipolar HVDC
transmission scheme.

The Operator Control Level in each converter station
of the HVDC transmission system mainly consists
of the fully redundant HMI system (SIMATIC Win CC)
and the Transient Fault Recorder System. The inter-
face to the remote control facility at the higher net-
work control level (e.g. the dispatch centre) and the
telecommunication interface to the corresponding
converter station for exchange of monitoring data
are also part of this level. To have a common time
base for all station equipment, a central master
clock system is provided. This master clock system
is synchronised at both stations by the satellite-based
Global Positioning System (GPS).

The Control and Protection Level comprises the Station

Control, the Pole Control and DC Protection and the

Measuring systems. These systems are based on the
latest development in the Siemens family of Program-
mable Logic Controllers SIMATIC TDC.

This new system has replaced both the SIMATIC S5
and SIMADYN D in HVDC Control and Protection
applications. The high-speed system SIMATIC TDC
enables a larger integration of Control and Protection
functions while maintaining redundancy. At the same
time, a high-speed optical bus was introduced for the
SIMATIC TDC hardware. The introduction of the new
Time Division Multiplexing (TDM) optical high-speed
bus permits the distribution of the measured AC
and DC system quantities amongst the Control and
Protection processors via redundant optical busses.

The Field Level mainly consists of the HVDC converter
(Transformers and Valves), the AC and DC Filters, the
Hybrid-Optical DC Measuring, all cooling equipment
and the complete AC and DC Switchyard. In Figure
4-1 only the I/O Units are shown.

Information exchange between the Operator Control
Level and the Control and Protection Level is provided
by a redundant 100-Mbit Local Area Network (LAN).
The required information exchange between the
Control and Protection Level and the Field Level is
achieved via a redundant optical field bus system.

Dispatch Centres

'
! Operator Control Level [] [j
i WinCC ~ WinCC  Printer  Printer GPS s 2
i System 1 System 2 Telecommunication Equipment g g
i =] =
' S E S.
. N g | | g5 S
! Remote Control ~ Remote Control g & 'g
' Router Router Interface Interface Router Router & o
0 System 1 System 2 i 8‘
I LANT ‘ ‘

T
| LAN2 |
Do e e e e e o e e e e B S S G G R R R R R R 22T P B S S5 5555558 85 S S S S 5868 S E S G A R e L R T e oo oo T e~}

Control and Common . Pole 1 i Pole 2

Protection Level
Station Control
System 2
Simatic TDC

Station Control
System 1
Simatic TDC

...................

Field Level

Bo

Pole Control and
DC Protection

Pole Control and
DC Protection

Pole Controland 11
DC Protection 11

Pole Control and
DC Protection

System 1 System 2 n System 1 System 2
Simatic TDC SimaticTDC |} Simatic TDC Simatic TDC
TDM Bus " TDM Bus

"

"
Measuring Measuring " Measuring Measuring
System 1 System 2 " System 1 System 2

L

[ Innovations within the scope of Win-TDC

TDM Bus: Time Division Multiplexing Bus (Optical Measuring Bus)



4.2 Operator Control Level

4.2.1 Operational Concept

The Siemens standard operator control concept is
implemented in various HVDC systems and ensures
high flexibility coupled with maximum safety in
system operation. Control and monitoring functions,
required by the operators to control the converters
and the switchyards, can be carried out from various
control locations.

Local control from the operator control room of

the converter station itself is implemented with the
SIMATIC WinCC HMI. The SIMATIC WinCC HMI is con-
figured as a multi-server system. This means that
the WinCC PCs operate independently of each other,
with each PC providing the full control and display
functionality. To ensure data consistency and inter-
locking of simultaneous operator actions, the servers
communicate with each other. Furthermore, the HMI
system is seamlessly integrated into the redundant
Control and Protection System. This means that com-
munication with the redundant SIMATIC TDC controls
(via redundant local area networks) is fully supported.
Remote control from customer’s Load Dispatch Centre
can also be implemented with WinCC. As an alternative,
control and display functions can be integrated into
existing HMI systems via a Remote Control Interface
(RCI) or can be made available through the Internet,
Intranet or dial-up networks.

Control Function Grouping

The available control functions are assigned to different
function groups. For each function group, the active
control location can be individually chosen from a
list of possible control locations for the respective
function group. The different function groups and
possible control locations for each group are mainly
determined by the system configuration and customer’s
operation philosophy. However, a typical control
function grouping scheme is as follows:

HVDC-system-related control functions are functions
that require coordinated operation on both converter
stations, such as starting/stopping the power trans-
mission, power/current reference value setting,
changing the transmission direction, reduced DC
voltage control. When the interstation telecommuni-
cation system is operational, these operator control
functions are only available on one converter station
(the so-called master station) and the necessary coor-
dination between the control systems of both con-
verter stations is automatically carried out by the
control systems themselves. The master station can
be freely assigned to either converter station by the
operators with the request/release logic. However,
if telecommunication is interrupted, the operators
must manually coordinate their actions by phone.

Station-related control functions are functions that
can be carried out for each converter station inde-
pendently, such as DC switchyard configuration,
reactive power control, AC filter control, connect/
isolate converter pole to/from the AC grid, valve/
transformer cooling system control.

Control Location Switchover Scheme

The control location for the different function groups
can be independently assigned to any possible opera-
tor control system (local or remote) with a request/
release logic: A location that is currently not in con-
trol can request control at any time, but the control
authority is only transferred after the currently active
location has released control. This switchover logic
ensures that there is only one active location for any
control function so that simultaneous operation from
different locations is effectively prevented.

Control Modes

Operation of the HVDC system can be altered flexibly
by selection of different system settings. A wide degree
of freedom exists with regard to the order in which
the operator can issue commands.

An automatic control mode is available for various
control functions to provide a high degree of operator
support. The operator initiates an automatic control
sequence with a single command and the control
systems carry out all necessary steps without inter-
mediate operator action. For example, the operator
may initiate a predefined control sequence to prepare
a converter pole for energy transmission. Within this
sequence, the valve cooling system will be started
and the converter transformer feeder will be con-
nected to the AC grid.

To provide even more flexibility in system operation,
a manual control mode is available. This mode is
useful during maintenance. In the manual control
mode, a deeper understanding of the HVDC system
and control concept is required, as all equipment can
be operated without the restriction of a predefined
sequence. Basic interlocking and plausibility checks
are still available to avoid danger or hazards for
personnel or equipment.



4.2.2 Human Machine Interface (HMI)

The top level of the control system is the HMI, which
is located at the Dispatch Centres and at the converter
stations’ control rooms. It consists of operator PCs,
which are used to send commands to the controls
and field equipment, display the check-back informa-

tion as well as to implement the SER and trend curves.

Auxiliary systems such as low-voltage switchgear and
diesel generators can also be controlled from the HMI
if desired.

SIMATIC WinCC is the PC-based HMI software for
Windows that is used for oper-ator control and
monitoring of HVDC applications, see Figure 4-2.

The basic system configuration includes functions
that meet the industrial requirements for displaying
of events, archiving of measured values, logging of
all plant and configuration data, user administration
and display. WinCC is designed for operation and
monitoring of automated processes. With its powerful
process interfaces and secure data archiving, this
base system (which is industry and technology-
independent) is suitable for universal use in any
automation application.

Special software is used for the communication with

the redundant HVDC control systems via the redundant

Local Area Network (LAN) to meet the high availability

and performance requirements of HVDC applications.

The redundant WinCC computers are configured as a
so-called multi-server system, which means that two
or more WinCC systems are operating in a redundant
manner — all necessary control and display functions
are available on each system. WinCC's simplicity and
transparency, as well as its powerful configuration
functions enable a drastic reduction of engineering
and training requirements, greater flexibility of
personnel and greater operational reliability.

Operator Control Level

WinCC is available in many languages, e.g. simplified
Chinese, traditional Chinese, Korean and Japanese
languages. The localised WinCC versions are based
on localised versions of Windows and provide a
configuration interface in the relevant language
containing all WinCC functions.

Figure 4-2: HMI System at the Functional Performance Test

4.2.2.1 Sequence-of-Events Recorder

To ensure efficient operation of HVDC systems
and AC substations, under all operating conditions,
Siemens provides a state-of-the art operator interface
based on the latest computer technology. With its
powerful sorting, filtering and archive access func-
tions, the integrated Sequence-of-Events Recorder
(SER) display supports the operator in fast fault
analysis as well as in the creation of customised
reports. The data logged by the SER system (see
Figure 4-3) includes all normal plant events such
as operator commands and status indications as
well as abnormal events such as alarms.

Centralised Display
and Archiving
of all SER Data

Control System

ililililililiti -~~~
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Control and
Protection Level

Field Level

| 1/0 Unit | -I 110 Unit

Control System

HliLiLi0iLili
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| 110 Unit [l l 1/0 Unit

Decentralised
Data Acquisition
and Preprocessing

Figure 4-3: Decentralised SER Data Acquisition in Combination with Centralised Data Display




Signals originating from the field devices and other
equipment are acquired, time-tagged and prepro-
cessed by decentralised I/O units. The data is collected
by the control systems via a field bus, further processed
and then transmitted to the HMI via a Local Area
Network (LAN). All SER data is displayed and archived
on the HMI.

Decentralised data acquisition and preprocessing

in combination with centralised display and archiving

provides the following advantages:

m The decentralised data acquisition and preprocess-
ing concepts provide the customer with the most
effective and reliable SER system for his specific
requirements. This can be achieved by optimising
the number and location of the 1/0O units as well
as by considering redundancy aspects of communi-
cation systems, controls and HMI.

m Being independent of the underlying data acqui-
sition structure, centralised SER data display and
archiving leads to a consistent data evaluation
interface, thereby supporting the operator in safe
and efficient control of the plant during normal
as well as during contingency operating conditions.

m The transmission of SER data to remote load dis-
patch centres can be implemented by connecting
an additional Remote Control Interface (RCl) to the
LAN. The RCl also receives SER data from the con-
trol systems and routes the data to the dispatch
centres.

Each SER data point is time-tagged with a resolution
of one millisecond. The time tag allows the exact
chronological order of any SER record to be deter-
mined, thus providing important information for fault
analysis. Time tagging is done either in the distributed
1/0 units or in the control systems, both by occur-
rence and clear ance of the event. All /O units,
control systems as well as the HMI are synchronised
by one master clock to ensure the correct time

tagging.

For safe and efficient operation of the plant, fast fault
localisation and clearance is essential. A sophisticated
event classification scheme greatly facilitates the
identification of the most critical events. Therefore,
each SER data point is assigned to one of the following
event classes describing its severity (the event classes
can be easily adjusted to customer requirements, e.g.
special naming conventions):

m Emergency (EMCY): For faults leading to a forced
shutdown of a system or subsystem, e.g. a trip
of a circuit-breaker due to a short circuit

m Warning (WRN): For faults which degrade
the system'’s functionality or performance,
e.g. a faulty motor drive of a disconnector

m Minor Warning (MNOR): For faults which do not
degrade the system’s functionality or performance,
e.g. a faulty control system cooling fan

m Status Event (STAT): For equipment status changes,
e.g. a check-back signal “circuit-breaker closed”

m Command (CMD): For operator-initiated control
actions, e.g. a command “close circuit-breaker”

Group events combine any desired number of single
events to one group. These events are useful in
providing remote load dispatch centres with con-
densed SER data over low capacity communication
links and in giving the operator a quick and compre-
hensive over view of the plant condition by display-
ing only group events.

The SER data display (see Figure 4-4) and archiving
module is seamlessly integrated in the HMI to keep
the operational philosophy consistent, so that all

necessary tasks can be carried out most efficiently.

Depending on the operating condition of the HVDC
system or AC substation, different information is
required to support the operator in safe and efficient
system operation. The data analysis functions
described below allow the operator to easily adjust
the SER display to specific operating conditions
and requirements:

m Filtering is implemented by the event selection
function. The number of displayed events can
be limited by specifying any desired combination
of event classes, e.g. only emergencies and
warnings.

m The event list can be sorted according to all
displayed event information, e.g. sorting by
number, time, device, etc.

m The archive access function allows the operator
to retrieve SER data from the archives on hard
disk as well as on backup media. The desired time
period as well as additional filter criteria (event
class, device, group, event number band) can
be specified. Once the archived data is loaded
to the event list, all filtering and sorting functions
described above are also available.
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Figure 4-5: Tag Logging Displaying
Multiple Simultaneous Trends

4.2.2.2 Trend System

A convenient and user-friendly graphical operator
interface is provided to display and record historical
data from process control states. The configured
process tags (signals) can be visualised in a "real
time” format on the HMI screen, see Figure 4-5.
Different display formats are available having freely
defined X-axis and Y-axis. A feature which differen-
tiates between archiving/display cycles and acquisition
cycles allows operators to configure the displays as

personally desired, without sacrificing information loss.

In general, the acquisition and archiving cycles can
be independently configured for each archive of the
WinCC archiving system. The cycle times are defined
for each tag or tag group during the configuration
phase and are applied in run time.

4.2.3 Transient Fault Recorder

The Transient Fault Recorder (TFR), ibaScope, is a
powerful super-high-speed data acquisition system
that enables data acquisition with sampling frequen-
cies of up to 100 kHz. Typically 12.5 kHz is used. The
download time of a typical fault file has been greatly
reduced down to 10 seconds. This speeds up trouble-
shooting and can help reduce system downtime.

LAN

FIBRE OPTIC

PADU  PARALLEL ANALOG DIGITAL UNIT

Fig. 4-6: Transient Fault Recorder Overview

TFR — DIAGNOSTIC PC

SWITCH

The TFR is complemented with an off-line engineer-
ing analysis tool that includes math functions, digital
filters, zooms and statistics. This software tool is
called the ibaAnalyzer and is available as freeware
worldwide.

In order to retrieve data from a process, the
ibaScope requires sampling hardware such as

Padu (Parallel Analog Digital Unit). Various analog
inputs are available, 10V, 20 mA, 1 Aac (16 bit

and 100 X I, for 1s, 30 X I,,,, for 10 s) and

250V3 Vac. Peak AC currents of up to 2 Xv2X40 X l,om
can be displayed. Dry contacts or potential-free
electronic binary outputs can be connected to the
Padu’s binary inputs.

The Data Acquisition PC and the Padus are connected
via fibre-optic links, see Figure 4-6.

The features of the ibaScope are:

m Simple adjustment of windows, toolbars,
colours and lines

m Oscilloscope view

m On-line FFT view (multiple FFTs or FFT vs. time
in a 3D waterfall view)

m Report usage diagnostic tool

m Software interface for individual channel gain
and filtering configuration in the Padu

m 4 fully independent recording levels
(4 files at the same time)

m Manual, continuous or triggered storage

m Highly flexible triggering configuration
for starting and stopping data acquisition
— Threshold
— Constant
— Change rate

m Ability to program triggers with logical
OR/AND functions of all available input signals

m Storage speed profiles for individual
or channel groups

m Automatic file naming

m Hard disk space management
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4.2.4 Remote Control

and Data Exchange via the RCIs

Integration of the HYDC HMI system into the utility’s
overall HMI system located at the control centres (load
dispatch centres) has become an important feature.
The utility’s overall HMI system requires input of the
main operational data from the HVDC link (for real-
time monitoring) and the ability to issue commands
and setpoint changes from the control centre. The link
between the HVDC Control and Protection System is
provided by the Remote Control Interface (RCl). The
RCI communicates with the station control and pole
control via the redundant station LAN as shown in
Figure 4-7. It permanently receives monitoring infor-
mation from the control systems. These data streams
are processed and stored in a memory-resident real-
time data base. So, the complete and up-to-date
HVDC process information is available at any time.
For incoming commands and setpoints from the con-
trol centres, authentication checks are performed,

a command is only forwarded to the control level if
all required conditions are fulfilled. Command arbitra-

tion between different control centres is also possible.

The RCl supports a wide variety of communication
media such as leased lines, fibre-optic links, power-line
carrier, microwave links or data networks.

All major standard or open communication protocols
are supported, such as

m |[EC 60870-5-101

m |[EC 60870-5-102

m |[EC 60870-5-104

m ELCOM-90
m DNP 3.0
m SC1801 and others

Any other protocol can be provided in accordance
with the actual control centres’ requirements.

Multiple remote data channels are supported. This means
that several remote control centres can be connected
and supplied with real-time data simultaneously. The
connection to each particular control centre can con-
sist of one or two (main and backup) data channels.
The connected control centres can run different proto-
cols. The individual data sets can be defined for each
connection independently. The standard system con-
figuration is a single (non-redundant) RCI unit. In case
highest availability is required, a redundant system

in hot-standby configuration can be supplied as well.

4.2.5 Time Synchronisation System

All Control and Protection subsystems within the con-
verter stations are synchronised by the Time Synchro-
nisation System, see Figure 4-8. For chronological
analysis, the events, status indications and alarms are
time-stamped. They receive their time information
from the centralised Master Clock (see Figure 4-9).
To ensure high availability, the Time Synchronisation
System is designed in a redundant configuration and
consists of two fully separated units in the control room
of each converter station. Time synchronisation out-
side the control building is achieved with the Master
Clock via optical fibres. With time synchronising, an
accuracy of at least 1 ms is achieved. To achieve a very
high availability, the distribution of the time synchroni-
sation is duplicated up to the I/O units.

Various standardised synchronisation methods such as
m Adjustable pulses as 20 mA or voltage signals
m DCF77 (the European radio time signal)
m IRIG (A and B) time code
m Asynchronous messages
m Ethernet frames OSI unicast and broad cast

as well as SNTP
and programmable interfaces make it possible to
provide every device in the plant with the necessary
precision for time information. The Master Clock
System itself is synchronised by a GPS (Global
Positioning System) signal.

SIEMENS SICLOCKE TV
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Fig. 4-8: Conceptual Overview of the Time Synchronisation

4.2.6 Remote Access

As an optional feature, the control system can be
accessed from outside via ISDN lines or the Internet,
see Figure 4-10. This allows plant monitoring and
detection of faults — even from remote locations.

To ensure data security, a VPN (Virtual Private Network)-
encrypted connection is used. Furthermore, password-
protected access makes sure that only authorised
personnel can obtain access.

Siemens Office
(Headquarter)

Fig. 4-10: Remote Access Connection

Redundant Distribution
of Synchronizing Signals
to all Relay Houses

With the use of a standard web browser, main
diagnosis data can be monitored. Expert access
to the control components is also possible. This
remote access feature provides best support for
the commissioning and maintenance personnel
directly from our design engineers and is a possi-
bility to reduce the downtime of the HVDC
System.

Remote Location
(Plant)




4.3 Control and Protection Level The protections use the analog inputs, currents and

The Control and Protection Level consists of the voltages from the field level to protect the equipment.
Control and Protection Systems including the respective ~ Trip commands are sent to the respective breakers,
measuring systems. The operator commands are alarms are generated in the HMI's Sequence-of-Events
sent to the controls, e.g. power order, bus voltage Recorder and the Transient Fault Recorder is triggered
reference etc. They are executed by the closed-loop from the protections.

controls. Automatic converter control achieves the

desired power transmission and AC bus voltage Figure 4-11 shows the areas of responsibility
magnitude coupled with automatic switching of for Station Control and Pole Control.

filters, capacitor and reactor banks.

The operator’s open/close commands to the high-
voltage devices are interlocked in the controls to prevent
out-of-step operation of breakers, disconnectors and
ground switches. Also interlocks to prevent forbidden
system or switchyard configurations are installed
here. Interlocking to prevent personnel access to the
valve hall and filter, areas that are not walk through,
is provided by means of key interlocks — controlled

by the Station Controls.

&, Station Control
7 ° AC-Yard Control
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4.3.1 Common HW and SW Platform
for the Control and Protection Systems

Figure 4-12: Standard SIMATIC TDC Control and Protection System

The high-performance open- and closed-loop control
system SIMATIC TDC (see Figure 4-12) is used world-
wide in various technologies including utility applica-
tions as well as drive systems where fast closed-loop

control is also required.
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SIMATIC TDC is the first controller where open and
high-speed closed-loop controls can be programmed
using the same programming tools and proven soft-
ware. All SIMATIC TDC systems can be accessed via the
MPI bus from one maintenance PC at the converter
station. This represents a decisive step towards
Totally Integrated Automation (TIA). The plant
engineers and technicians only need to learn one
programming language.

Highlights of SIMATIC TDC:

m 64 bit RISC CPU, up to 20 CPUs per rack

m 1/0 Boards and Communication Boards

m Industrial standard hardware design

m Graphically configurable

m More than 300 tested and well proven
Standard Function Blocks

The Continuous Function Chart (CFC) is the engi-
neering tool used to graphically configure the control
functions, see Figure 4-13. The CFC uses the function
blocks, which are stored in the control function
library D7 SYS.

There are more than 300 function blocks as well
as function blocks required for the hardware and
communication stored in the D7 SYS library.
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Figure 4-13: Graphical Engineering Tool CFC



4.3.2 Station Control

The Station Control manages the equipment which

is necessary to integrate the HVDC System into the
customer’s power system and also those functions
common to both poles, refer to Figure 4-11.

The main Station Control areas are:
m AC and DC Switchyard Control
m Control and monitoring of the auxiliary system
m DC Configuration Control
m Reactive Power Control
m AC Voltage Limitation Control
m Managing the control authority
between different control locations

AC and DC Switchyard Control

with operator guidance

The Station Control monitors and operates the
high-voltage devices and handles the acquisition
and the preprocessing of measured values in
the AC and DC switchyards. Refer to Figure 4-14
for an overview of the interlocking philosophy.

All safety interlocking is implemented at device
level as hardware or software interlocks. Station
Control monitors the condition of the whole
switchyards in combination with the status of
the HVDC system. An additional process interlock
continuously checks which preconditions have
been fulfilled. Dependent on the result of these
checks, the switching release for each device is
defined and sent to the HMI. Only when all inter-
lock conditions for a device have been fulfilled
does the operator receive indication that device
operation is possible.

Operator
Control

HMI

ﬁ [

I
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Control SW
Interlocking

Command processing

1 * 1
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AC Voltage Limitation Control

Independent of Manual or Automatic control of the
reactive power banks, AC voltage limitation is perma-
nently active. Connecting further banks is inhibited

if the AC voltage is above the “CONNECT INHIBIT” limit.
This avoids exceeding the steady-state voltage limit
and the consequent risk of trip due to AC overvoltage
protection. If the AC voltage rises above the “ISOLATE”
level, additional capacitor or filter banks are switched
off in specified time intervals. The switch-off sequence
is independent from the manual control mode of indi-

To provide a user-friendly and helpful operating
environment for the Customer System, all necessary
DC switchyard configurations are summarised in
several states (e.g. pole 1/2 connected, metallic
return selected, electrode line connected).
Changing the status of the DC switchyard configu-
ration can be easily done by the operator. After
selecting the new status at the HMI, the Station
Control operates the required high-voltage devices
auto-matically — in the correct order. For mainte-
nance purposes, DC switchyard control can be

switched into manual mode. In manual mode the
operator can initiate a switching command at the
HMI for a single high-voltage device. Continuous
interlock checking is always active in Manual and
Automatic modes.

Reactive Power Control

The Reactive Power Control function in the Station
Control automatically takes the requirements related
to harmonic performance, busbar voltage and the
exchange of reactive power between the HVDC
system and the customer network into consider-
ation (refer to Figure 4-15).

A
—t Busbar Voltage

vidual banks.

Transient overvoltages exceeding the specified TRIP
limit result in an immediate trip of the first bank and
a stepwise switching off of further banks in specified
time intervals, if required by magnitude and/or dura-
tion of the overvoltage. The minimum number of AC
filters remains connected to the AC busbar to enable
a converter pole restart after fault clearance.

Further switching off of banks is blocked if the AC volt-
age drops to the “ISOLATE INHIBIT” limit and additional
banks will be switched on in specified time intervals

if the AC voltage reaches the “CONNECT” limit.

AC Voltage Control

Switch-OFF Curve

—————————————— TRIP

........... — ISOLATE
CONNECT Inhibit

UMAXrRef

DC Power [p.u.]

v Switch-ON Curve

The operator can easily alter the reactive power
flow or the range of the busbar voltage by adjusting
the reference values at the HMI. Normally, auto-
matic switching of the appropriate AC filter bank

is done by the Station Control. However, the Operator
can separately select each filter for manual opera-
tion — if required, for maintenance purposes. When
in manual mode, the filter is no longer automati-
cally switched but the operator can connect or
disconnect it via the HMI.

UMAX—Ref

ISOLATE INHIBIT

——————————— — CONNECT

Managing the Control Authority

between Different Control Locations

The Siemens HVDC system can be controlled from
one converter station or from a remote control centre.
The Station Control manages the safe changeover
of the control authority between the several control
locations. Interlocks within the internal request/
release software guarantee a smooth and bumpless
change-over.



4.3.3 Pole Control and DC Protection

4.3.3.1 Pole Control

The Pole Controls are the heart of the HVDC control
system. Here, the DC power flow is controlled to the
operator’s setpoint. Steady-state and dynamic perfor-
mance of the AC systems is also enhanced by the Pole
Controls. Features such as power swing stabilisation,
frequency limit control and sub-synchronous reso-
nance damping are some of the available features.
The primary function of the Pole Control System is
to maintain the transmitted power at the operator
selected value. This is achieved with an optimal
response during system disturbances and is robust
and stable for all system configurations.

During normal undisturbed operation, DC current
control is active at the Rectifier and DC voltage control
at the Inverter. A backup extinction angle control pro-
vides a safety margin to minimise commutation failures
at the Inverter following disturbances in its AC system.
An Inverter current control function becomes active
should the Rectifier station be unable to provide the
ordered DC current during AC System disturbances.

Active and Reactive Power Control

The prime function of DC Power Control is to control
the active steady-state Power Order selected by the
operator. It must also respond to inputs from stability
control functions.

Reactive Power Control is achieved by co-ordinated
switching of reactive power components and firing
angle control of the converter. Since filter and capacitor
elements are common for the whole station, this
control is located in the Station Controls. The reactive
power is controlled according to minimum and maxi-
mum limits selected by the operator. Alternatively,
AC Voltage Control is possible using a similar control
method as used for the Reactive Power control.

DC Current and Voltage Control

DC Current Control is provided for both Rectifier and
Inverter operation but used in different ways. At the
Rectifier, DC Current Control is normally active con-
trolling Id as defined by the Power Control. At the
Inverter, the current controller is a backup function
and becomes active in case of abnormal conditions
in the Rectifier AC system.

The task of DC Voltage Control is to maintain the

DC voltage at a set value. It is used in different ways
at the Rectifier and the Inverter. DC Voltage control

is the normal control at the inverter and operates

to control the DC voltage to the rated value. At the
Rectifier, the DC voltage controller operates to limit
the DC voltage to a maximum value, which is set
just above the nominal converter voltage. Extinction
Angle Control comes into operation automatically
to prevent operation with Inverter extinction angles
below a Reference Value of 17°. The Measured Value

is the smallest extinction angle of the 12 valves sampled
in the previous cycle. Gamma measurement is made for
each valve with an accurate measurement of the time
between the end of the valve's commutation (current
zero) and its respective AC voltage zero crossing.

On-Load Tap Changer Control

Different tap changer control modes are used
depending on the operating configuration and the
desired control modes. In one mode, the tap changer
is controlled according to a firing angle reference at
Rectifier (e.g.=15° = 2°) and extinction angle at Inverter
(e.g.= 20° = 2°). An alternative mode at both the Rec-
tifier and Inverter side is for the tap changer to control
the Ug;o (valve side AC voltages) to the nominal value
over the complete operating range of the converter.
It operates to compensate for changes in AC system
voltage. Ugo control mode is used especially in back-
to-back application.

Stability Control Functions

AC systems may require transient or fixed power
changes in the HVDC system to enhance their stability.
Stability functions are system-dependent, the optimum
control response is determined by comprehensive
studies and verified with dynamic performance tests.

Power run-back and run-up functions can be provided
based on inputs from the AC system. Binary signals
derived from AC system state changes are used to
execute a run-back or run-up. Run-backs are utilised
to stabilise the AC system upon sudden loss of an
infeed at the Rectifier or loss of export at the Inverter.
DC power reduction can also help prevent AC system
voltage instability.

Power Swing Stabilisation is a large amplitude modu-
lation signal which is active after major AC system
disturbances. Power Swing Damping is a small ampli-
tude modulation signal which could be continuously
active to provide positive damping to AC power flow
in a parallel AC system or local machines. Typically,
its output would be limited to +0.1 p.u.

Frequency Limit Control (Power Frequency Control)

is a contingency control function that becomes active
when the system frequency moves outside the defined
frequency range. This is likely to occur in an islanded
situation where the AC system has split apart. The control
limits the overfrequency (and underfrequency) in the
Inverter or Rectifier AC systems, but not simultaneously.

AC Voltage Limit Control is an emergency function.
Of course, other control characteristics are provided
to minimise the need for this function, e.g. the reactive
power controller. The simplest strategy to protect
the AC system from voltage drops below 0.9 p.u. is
to initiate a fixed DC power reduction for a predefined
AC undervoltage. Other more complex AC voltage-
dependent power changes can also be implemented.
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The mechanical torsional shaft resonances of large
thermal generators are typically present in the fre-
quency range between 10 Hz and 25 Hz. Oscillations
at these subsynchronous frequencies are generally
excited by any contingency in the system. The current
and power controllers of an HVDC interconnector may
cause negative electrical damping in the frequency
range where the torsional frequencies of large thermal
units are present. This means that undamped torsional
oscillations can be excited under certain circumstances.
This is especially true when large thermal generators
are directly connected to the same busbar as the HVDC
system. HVDC can be used to damp the subsynchronous
oscillations actively when the HVDC converter is very
close to the generator. To do this, the oscillations

of the shaft speed or the frequency oscillations are
measured and then passed to a circuit which applies
a suitable phase shift. The phase-shifted signal is then
used to modulate the firing angle or the current order.

High-Performance Firing Control

The Pole Control outputs are the firing pulses for the
thyristor valves, see Figure 4-16. Based on information
from the Pole Controls and the AC system voltage, the
trigger set generates the firing pulses. Synchronisation
of the trigger set with the AC system plays an impor-
tant role following major AC system disturbances. The
synchronisation voltage is derived from the positive
phase sequence of the AC voltages and ‘tracks’ any
phase changes of the system fundamental frequency
very quickly. During severe disturbances in the AC
voltages (e.g. Uac < 0.1 p.u.), the trigger set phase

is frozen until normal voltage returns. Under balanced
conditions, HVDC converters are fired equidistantly
(to avoid generation of non-characteristic harmonics
by the converter) and therefore it is advantageous

to synchronise with the phase angle of the positive
sequence component of the fundamental frequency.
The equidistant accuracy for the firing control system
is better than 0.01° electrical degree.

Operational States and Switching Sequences

The Pole Startup and Shutdown Sequences carry out
and monitor the sequential steps for correct switching
on and switching off of all pole-dedicated equipment.
Four states of operation (EARTHED, STANDBY, BLOCKED
and DEBLOCKED) are defined for each pole. Processing
of a start or stop sequence will be activated by select-

ing a state of operation at the HMI. According to the
operator guidance, the Pole Control indicates which
state the pole is in. Correct execution of the sequences
is checked by monitoring the time interval for each step.
If the time is excessive, then the sequence will be
stopped and an alarm sent to the Sequence-of-Events
Recorder. After fault correction, the sequence can
be continued, but if not possible, the correct steps
are automatically initiated to return the pole to the
previous safe state.

For long-distance transmission applications, the Open
Line/Cable Test sequence provides a method for testing
the voltage withstand capability of the line or cable.
For this test, the DC line/cable is disconnected from
the remote converter station. Then the DC voltage is
slowly increased up to the maximum level via a ramp
at the testing station.

Deblocking of the converter is managed by the Deblock
Sequence in a coordi-nated manner between both
stations utilising interstation telecommunication.

It ensures that the Inverter is always deblocked before
the Rectifier. Should interstation telecommunication
be unavailable, deblocking of the converter is still
possible. Both operators must coordinate deblocking
via telephone to ensure that the Inverter is deblocked
before the Rectifier.

The converter is blocked by the converter Block
Sequence to shut down the converter with minimum
disturbance to the system. It coordinates the shut down
at each station and always blocks the Rectifier station
first. For major faults where a protection has operated
or control of the converter Uy and Iy is disturbed or lost,
the Emergency Switch-Off Sequence (ESOF) shuts
down the converter as quickly as possible. It also is
used for any situation where AC voltage should be
removed from the converter as quickly as possible.

Valve Base Electronic (VBE)

The final outputs of the Pole Control system are
the thyristor firing pulses, which are sent to the VBE.
Both firing pulses and End-of-Current signals (used
for extinction angle measurement) are exchanged
between the Pole Control and VBE. The VBE is a
fault-tolerant system with self-diagnostics and
on-line repair capabilities.
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4.3.3.2 DC Protection

Protection Philosophy

The principal task of the protection scheme is to
prevent any damage to the individual HYDC compo-
nents caused by faults or overstresses. The chosen
protective systems ensure that all possible faults are
detected, with selective reaction and annunciation.
The protection equipment is designed to be fail-safe.
It incorporates comprehensive monitoring functions
to provide a high degree of security. This avoids un-
necessary shutdowns due to protection equipment
failures. In case of defects inside the protection,
the monitoring system generates an alarm and
inhibits action of the faulty protection system.

DC Protection is of a fully redundant design.
Additionally, both protection systems incorporate
main and backup protection functions using
different principles.

G%;
\/E
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AC Protection also consists of a main and a backup
system based on different principles. Every protection
system uses different measuring devices and power
supplies and is locally separated.

Main and backup protection schemes, as well as

the redundant protection scheme, are both in service
simultaneously and thus provide uninterrupted super-
vision of the AC switchyard and the HVDC plant.

All protective equipment in the HVDC Converter
Station will be implemented either with the digital
multi-microprocessor system SIMATIC TDC or with
standard numerical protective relays. The communi-
cation systems are not required for protecting the
HVDC plant.

The HVDC plant is separated into different independent
protection zones, refer to Figure 4-17. All zones within
the HVDC system are protected with appropriate trip
levels and trip times for each protected zone.

1 AC Busbar Protection
B 2 AC Line Protection
3 AC Filter Protection
4 Converter Transformer Protection

I 5 Converter Protection

6 DC Busbar Protection
I 7 DC Filter Protection

8 Electrode Line Protection
B8 9 DC Line Protection




AC Busbar Protection

The AC Busbar Protection System consists of a numerical

differential protection scheme. Any short circuit or
ground fault within the protection zone will be
detected.

AC Line Protection

The AC Line Protection consists of two protection
systems. The protection preferably incorporates
the following functions:

m Differential Protection

m Distance Protection

AC Filter Protection

AC Filter protection selectively detects short circuits,

overcurrents, defective capacitor units and overload
in the AC filter circuit. The complete protection for
one AC filter bank consists of a main and a backup

system. AC filter protection incorporates the following

functions:

m Differential Protection

m Overcurrent Protection

m Capacitor Unbalance Protection

m Capacitor Overload Protection

m Harmonic Overload Protection

m Zero Sequence Overcurrent Protection

Converter Transformer Protection

The Converter Transformer Protection System

consists of a main and a backup protection

incorporating the following functions:

m Differential Protection

m Overcurrent Protection

m Thermal Overload Protection

m Ground Fault Protection

m Internal converter transformer protections
(e.g. Buchholz protection)

Converter Protection
The Converter Protection detects faults on the
converter transformer secondary side, in the valve
hall and failures which lead to overstress of the
thyristor valves. It consists of a completely
redundant scheme incorporating the following
functions:
m Overcurrent Protection
m Bridge Differential Protection for Wye

and Delta Group
m Group Differential Protection
m Short-Circuit Protection for Wye and Delta Group
m DC Differential Protection
m DC Overvoltage Protection
m AC Overvoltage Protection

DC Busbar Protection

The DC Busbar Protection detects ground faults
on the high-voltage and on the low-voltage busbar.
It consists of a completely redundant scheme
incorporating the following functions:

m High-Voltage DC Busbar Differential Protection
m Low-Voltage DC Busbar Differential Protection
m DC Differential Backup Protection

(includes the converter)

DC Filter Protection

The DC Filter Protection detects short circuits,
overcurrents and faulty capacitor units in the

DC filter circuit. It consists of a completely
redundant scheme incorporating the following
functions:

m Differential Protection

m Overcurrent Protection

m HV Capacitor Unbalance Protection

m HV Capacitor Differential Overcurrent Protection

Electrode Line Protection

The Electrode Line Protection equipment detects
earth faults, short circuits, overcurrents and open-
circuit electrode lines. It consists of a completely
redundant scheme incorporating the following
functions:

m Current Unbalance Protection

m Overcurrent Protection

m Overvoltage Protection

m Switch Protections

In addition to these protection functions, the
Siemens Pulse Echo Electrode Line Monitoring
system (PEMO2000) monitors the electrode line
continuously even when no power is transmitted.
The PEMO2000 detects any faults in the electrode
line (broken conductor and earth fault) and informs
the operator about fault type and fault location.

DC Line/Cable Protection

The DC Line/Cable protection detects any ground
fault at the DC Line/Cable to limit any damage and
to restore operation as soon as possible. It consists
of a completely redundant scheme incorporating
the following functions:

m Travelling Wave Protection

m Undervoltage Detection

m DC Line/Cable Differential Protection

Harmonic Protection

A Fundamental Frequency Protection function detects

1st or 2nd harmonics in the DC current or in the
DC voltage. These harmonics arise from converter
misfiring or asymmetrical faults in the AC system.
If the harmonic content exceeds a preset limit, then
a binary signal initiates the 1st or 2nd harmonic
protective action.

The Subsynchronous Resonance Protection
detects resonances e.g. caused by oscillation
of the power plant’s generator. The resonances
can be detected in the DC current. If the sub-
synchronous resonances exceed a preset limit,
then a binary signal initiates the subsynchronous
resonance protective action.
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This operational mode is referred to as “Hot-Standby”
and this principle is advantageous where a fast
changeover of controllers is necessary.

The Changeover Logic is responsible for the selection
of the active control system and two Changeover
Logic modules are required for each redundant
system.

The first is assigned to Control System 1 and the
second to Control System 2. If one Changeover Logic
module fails, the Control System with the healthy
Changeover Logic module automatically becomes
active. In the "Automatic System Selection” mode,
the Changeover Logic automatically initiates a change-
over to the standby system upon fault detection in
the active system. If the standby system is also faulty,
the converter pole is tripped by the Changeover Logic.
The active system can be selected with a pushbutton
on each module. It is also possible to activate a
“Manual” mode. In the “Manual” mode, the automatic
changeover is disabled. This enables maintenance

to be carried out on the inactive system.

4.3.4 Redundancy Management

The Pole and Station Control Systems are designed
as redundant schemes, with the redundancy manage-
ment system (COL, see Figure 4-18) which is also
redundant. Both redundant systems remain on-line
and run in the identical operational state but only
one of the controllers actively controls the process

|n

at any one time, see Figure 4-19.

TDC SYSTEM 1 TDC SYSTEM 2
_> <—
FIRING ANALOG BINARY SYSTEM FAULT SYSTEM FAULT BINARY ANALOG FIRING -
PULSES SIGNALS  SIGNALS DETECTION DETECTION SIGNALS SIGNALS PULSES
svs 1 cot1 1 coL2 e
Ok | eieeesssssscsssssas -
e
g <
SYSTEM SYSTEM
SELECTION SELECTION
Lyl
SYS 2 ACTIVE
SYS 1 ACTIVE A
vyvwv vyvwy vyvwv l v v l v
& & & & & &
VBE VBE
SYSTEM 1 LFM ANALOG | swiTcH SYSTEM 2
BINARY SIGNALS ANALOG SIGNALS
FROM ACTIVE SYSTEM FROM ACTIVE SYSTEM
TO PROCESS TO PROCESS
VBE VALVE BASE ELECTRONIC FIRING PULSES
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4.3.5 Measuring System

4.3.5.1 General Concept

Redundant measuring cubicles house the optical
receivers and analog inputs. The signals are multi-
plexed and sent to the Control and Protection via
redundant optical TDM busses, see Figure 4-20.
Each of the outputs of the redundant busses is con-
nected to both of the Control and Protection Systems
(Cross Redundancy). With this method, the Control
and Protection redundancy can be maintained even
with the loss of one measuring cubicle. Decentralised
measuring is also possible, the measuring cubicle
may be located in relay rooms or in the control room.

One Pole Control and DC Protection System

Control and TDM Bus
Protecting Measuring System Pole Control DC Protection
System 1 System 1
M5 | M5 | LOS CPU1|CPU2|CPU3 CPU4|CPUS|CPU6|CPUT7 | CPUB

v

Bus 1

Bus 1

s | | UKD

Bus 2

Bus 2

Wy

UAD

S

4
U

Unit 1
System 2 System 2
Measuring
Unit 2 IM5 | IM5 | LOS CPU 1|CPU2|CPU3 CPU 4 [CPUS5|CPUG6|CPU7 | CPUS

TDM Bus =
Time Division Multiplexing Bus
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Shunt

4.3.5.2 Hybrid-Optical DC Measuring

Precise and reliable measurement of both DC current
and voltage is a key require-ment for any HVDC system.
DC currents and voltages are measured with a hybrid-
optical system. DC current is sensed by measuring the
voltage drop across a shunt resistor. Local “sensor head”
elec-tronics at this high voltage potential convert the
voltage drop across the shunt to a serial optical signal,
which is trans-mitted to ground potential via fibre-
optic cables. The electronics are powered by laser
light, which is transmitted from ground potential to
the HV level by fibre optics. HV isolation is achieved
with the fibre-optic cable, which is embedded in a
composite insulator.

DC voltage is measured with a resistive/capacitive
voltage divider. The voltage signal at ground level

is transmitted to the controls using the same laser-
powered electronics as used for the current measure-
ment. The scheme is completely redundant and each
Control and Protection Measuring System is totally
independent, refer to Figure 4-21.

A high precision shunt rated up to 3000 A is installed
in the primary circuit with a nominal voltage drop of
150 mV. The sensor heads are installed in a weather-
proof box located close to the shunt at the high-
voltage level. The accuracy and measuring range

is selected according to the application.

The same type of sensor head electronics, fibre-optical
cables and digital signal processors are also utilised
for the DC voltage measuring. The DC voltage is
measured with a resistive/capacitive voltage divider.
The electronic sensor heads are located in the

DC Voltage Divider termination box. Problems with
grounding and signal voltage drop are eliminated

by using the optical signal transmission.

The Optical Power Supply Module is equipped with
up to 6 laser diodes. With these 6 channels, 6 sensor
heads can be supplied. The Optical Receiver Module
also is equipped with up to 6 optical converters and
serves for evaluating the received data. Fault detection
and monitoring is included. The energy fibres and
signal fibres of the sensor heads are embedded in

a composite insulator. This insulator provides the
required insulation between the high-voltage measur-
ing point and the ground level controls and protection.
A connection box located at the bottom of the com-
posite insulator serves as an interface. It connects
the fibres of the composite insulator with the fibre-
optic cables running to the Control and Protection
Systems inside the control building.
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4.4 Field Level

At the field level, the commands and indications
of the high-voltage devices are converted to or from
binary 1/0 signals to serial signals and connected
to the field bus. In some converter stations, the
switchyard bay Control and Protection is located
in relay houses. This decentralised control archi-
tecture substantially reduces the cabling require-
ments. Input/output units which have been specially
designed for switchyard applications are used to
interface with the HV switchgear, see Figure 4-22.
Redundant field busses are used to connect the
[/O units to the redundant controls.

The lowest operating level for the high-voltage
devices is manually at the breakers, disconnectors
and ground switches using the Local/Off/Remote
selector switch and the Open/Close pushbuttons.
All remote control from the Control and Protection
Level and the Operator Control Level is disabled
when the device is in local operation. It is recom-
mended that out-of-step interlocking is also be
implemented at this level.

The auxiliary systems, low-voltage switchgear
and diesel generators, battery chargers, UPS, air
handling, valve cooling, fire detection and fire
fighting are also controlled locally. Status and
analog signals of the auxiliary systems are provided
on the HMI's display, Sequence-of-Events Recorder
and trend systems.

The converter valves are also considered to be at
the field level and the Valve Base Electronic is the
interface between the controls and the converter
valves. Firing pulses are transmitted to the converter
valves and monitoring signals are received from the
converter valves.
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4.5 Communication Systems

Information exchange between the Operator Control
Level and the Control and Protection Level is provided
by a redundant 100 Mbps Local Area Network (LAN).
Information exchange between the SIMATIC TDC
control systems at the Control and Protection Level
and the 1/0O units at the Field Level is achieved via

a redundant optical field bus system.

4.5.1 Lan System

The international standard of the LAN (based

on switched FAST ETHERNET according to the
international standard IEEE 802.3u) permits the
interconnection of different types of computers.
Two identical and completely separated busses
exist in the redundant LAN system. Each component,
which communicates via the redundant LAN
system, has two interface modules, one connected
to each bus so that each system can send and
receive messages via both bus systems. The LAN

is implemented with a double-shielded industrial
twisted pair cable or fibre-optic cable up to a length
of 4000 m. Figure 4-23 shows the topology of the
redundant LAN at a converter station.

HMI 1 HMI 2

The electrical and the optical networks can be mixed.
The advantages (e.g. high immunity to interference
due to insensitivity to electromagnetic fields by the
optical cables) and possible configuration (ring, star
or line) of both type of networks can be used.

Data routers and data switches permit segmentation
that ensure an increase in the performance. Data
transmission at a rate of 10 Mbps and/or 100 Mbps
is performed. Various user-oriented protocols like
TCP/IP or UDP complying to the ISO/OSI reference
model can be operated via the switched network.
The switching technology of the optical or electrical
switching module allows the structuring of Ethernet
networks with large spans and large numbers of
nodes. Switch module features like Autosensing
and Autonegotiation allow flexible connections
without any difficulty.
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4.5.2 Field Bus System

The signal exchange between the control systems
and the field devices, e.g. I/O units or protection
devices, uses an optical field bus system. The field
bus is in accordance with the field bus standard

IEC 61158 PROFIBUS DP. PROFIBUS DP is a powerful,
open and rugged bus system that permits a fast,
cyclic data interchange with field devices.

The transmission medium is a double-shielded
twisted pair cable or glass-fibre-optic cable.

The optical fibre is insensitive to electromagnetic
interference and also offers a galvanic isolation.
Similar to the various LAN configurations, the
topology of the field bus system also fulfils the
contingency requirements, e.g. the remaining
network is not disturbed in case of a single contin-
gency transmission path fault.

Analog Power Line Carrier on AC or DC lines

4.5.3 Performance of Telecommunication Media
The exchange of data between both converter
stations and between the converter station and
the remote control centres can be executed through
different transmission media. The data transmission
media used is mainly dependent on the HVDC system
application and on already existing communication
installations. The most commonly used media and
their related performance usually used are shown
below:

up to 700 km with 2.4 kbps/channel

Digital Power Line Carrier on AC or DC lines

up to 100 km with 64 kbps/channel

Microwave

up to 70 km with 34 Mbps/channel

Fibre optic

up to several Gbps per fibre
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Design Process of HVDC Control and Protection
The Design Process has a number of quality assurance
review milestones at which the functionality and per-
formance of the controls and protections are verified,
see Figure 5-1. Only after successful completion of
these process steps may the equipment be shipped
to site.

After receiving the contract design specification,
all Control and Protection functions and the related
technology including cabling and testing will be
provided to the customer. All steps down the engi-
neering periode and at the off-site and on-site tests
are defined and documented to ensure best Quality
Assurance. Within the Master Test Plan, all tests
beginning with off-line tests (EMTDC), Functional
Performance Tests, Dynamic Performance Tests and
off-site tests are defined.

Electromagnetic Transient Program

for Direct Current (EMTDC)

The Electromagnetic Transient program for DC appli-
cations (EMTDC) is a proven tool for the design of the
Pole Control functions — especially the stability control
functions. Within EMTDC, all relevant SIMATIC TDC
function blocks are available in a control library.

A detailed design of the Pole Control functions is
modelled by EMTDC including the respective sampling
times of each function. This capability leads to digital
off-line simulation results which closely match the real
behaviour of the AC/DC systems and HVDC controls.
In addition to the control functions, the protection
system is also represented in the digital model.

This allows coordination of the Pole Control and the
DC Protection.

The final structure of the control function as
modelled in EMTDC can then be implemented into
SIMATIC TDC. Verification of the off-line simulation

is proven during the Dynamic Performance Test (DPT)
and during the Functional Performance Test (FPT)
where the customer’s hardware and software is
checked.

Functional Performance Test

In the Functional Performance Test (see Figure 5-2),
the actual Control and Protection Hardware destined
for site is installed and tested with a real-time simulator.
The purpose of the FPT is to test the correct signal
exchange between the various control components,
functionality of the redundancy concept as well as
the verification of the specified control sequences.
This results in time-optimised on-site commissioning.
Furthermore, customer personnel can participate
during this test phase as part of the Operator and
Maintenance Training to familiarise themselves
with the control system.

Dynamic Performance Test

The simulation with EMTDC is already an extremely
accurate forecast of the real system behaviour. To verify
the findings, the Control and Protection Systems are
tested with a Real-Time Digital Simulator (RTDS), see
Figure 5-3. During this phase, the customer can witness
the Performance Tests of the real Control and Protection
software under different system conditions (AC Faults,
DC Faults etc).
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On-Site Tests

On-site tests are divided into precommissioning, sub-
system, station and system/acceptance tests. During
the precommissioning test phase, each component
is inspected and its functionality tested. This verifies
that the components have not been damaged during
transport or erection. The following subsystem tests
prove that the individual components work together
as intended. The station tests involve energisation
of the primary equipment, AC switchyard, converter
transformer with thyristor valves, filter banks and
capacitor/reactor banks. Finally, system-acceptance
tests prove that the implemen-ted control strategies
match the AC systems’ requirements.

Quality Assurance

A systematic, progressive quality system ensures a
longterm top competence in the field of high-voltage
technology within the High Voltage Division (PTD H)
of the Power Transmission and Distribution Group.

This system has been certified in conformity with
DIN EN ISO 9001 since 1989 and has been integrated
into the quality system implemented throughout the
company in accordance with the instructions issued
by the Managing Board of Siemens AG.

Our system includes all operational processes and
product life cycles, from marketing right through

to service and disposal. It covers all of the products and
services that we offer in our capacity as a general
supplier. The integration of all functions and systems
into a single quality and environmental system ensures
a consistently high quality standard. We therefore
guarantee that our low-maintenance products will
work properly and reliably for decades.
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Siemens defines the life cycle of a product to be from
the “Delivery Release” up to the “Total Discontinuation”.
The products Siemens offer between “Delivery Release”
and Product Phase-out are designated as current
products by Siemens. A graphical outline of a product
life Cycle is shown in Figure 6-1.

The following description gives basic data on the
product life Cycle of the Siemens standard product.
For each phase, vital information about product
and support availability is provided. The SIMATIC TDC
life is divided into the following time period.

Delivery Release

The delivery release is the date when the product

is released for delivery and can be purchased. Spare
parts and repairs as well as support and service for
these products is provided. Products may be modified
to comply with changes in technical standards, to meet
production requirements or to optimise functions.

Extensive modification management ensures

full reverse compatibility and has the following

advantages:

m Keeping up to date with current technical
standards

m Stable product functions

m Extensive compatibility with earlier types

m Long availability of spare parts

1996 2000 2004

SIMATIC TDC Life Cycle

Product Phase-Out

The product phase-out is the date when the product
should no longer be included in future project plans.
The product can however still be manufactured
during this phase. Spare parts are still available for

a defined period.

Discontinuation of Manufacture

(Type Discontinuation)

After the discontinuation of manufacture date, the
product is only available as a spare part. Spare parts
should only be used to replace defective parts or
for maintaining stock levels. Some spare parts are
only delivered on an exchange basis. This is neces-
sary to ensure future supply to those particular parts.

Total Discontinuation

After total discontinuation, the product cannot
be delivered as a spare part nor can it be repaired.
Normal support and service for these products will
no longer be provided. Of course, even after total
discontinuation, Siemens will offer their services
to help restore system/plant operation.

Today
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/ Conclusion

™

Win-TDC Has Many Advantages for the End User.

m Win-TDC is a future-oriented technology for HVDC
applications with an estimated product life Cycle
for the next 25 years.

® The main design criteria for Siemens HVDC Systems
is to achieve maximum energy availability. This
principle drives the design of the Control and
Protection Systems; a single equipment failure
within the Control and Protection Systems may
not lead to loss of system availability. Therefore,
the major Control and Protection Components
are configured as redundant systems.

m The SIMATIC WinCC automation software for
the HMI is used throughout the automation
industry worldwide. SIMATIC WinCC gives a clear
and structured overview of the HVDC System for
the operator, including operator guidance which
prevents maloperation and explains conditions.
Training for plant engineers and technicians
in WinCC is available at 85 locations around
the world. The HMI can easily be modified by the
trained plant engineers and technicians to keep
up with power system expansions or to add new
control features or to generate report documents.

This large number of WinCC implementations
worldwide guarantees good product and
customer support. The use of standard personal
computers running on a Windows operating
system makes it easier to procure spares and
peripheral devices.

SIMATIC TDC, the high-performance open- and
closed-loop control system is used worldwide in
various technologies including utility applications
as well as drive systems where fast closed-loop
control is also required.

SIMATIC TDC is the first controller where open-

and closed-loop controls can be programmed using
the same programming tools. This represents a
decisive step towards Totally Integrated Automa-
tion (TIA). The plant engineers and technicians
only need to learn one programming language.
The large number of installed SIMATIC TDC systems
guarantees a long life cycle and excellent customer
support.

The new Control and Protection System Win-TDC
results in a much more compact design with a 50%
space reduction. Its integrated structure requires
fewer components which also contributes to an
overall improvement in reliability.
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