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ME 4012 Process Control System
Views on Digital Turbine Control Systems

As all fields of engineering, power station technology has pro-
gressed enormously during the last years. Especially in the field of
steam turbines, new knowledge has been gained about material
strength and long-term behaviour, flow dynamics and design, and
has turned the relatively simple turbine of the past into a hightec
unit.

This advance in technical standards in power stations increases the
requirements for plant safety, improved availability and maximum
turbine life.

With our ME 4012 process control system a digital turbine con-
troller is now available that meets these high demands and is capa-
ble of recording and independently controlling every single process
within the specified limits, thus reliably fulfilling the DVG guidelines.

Higher-level automated function groups ensure optimal interaction
of the individual processes so that the entire industrial complex
“Power station” with its huge capital expenditure can be operated
safely and economical for a long time.

Let us take a closer look at a particular part of the power station:
the turbine set. For this section alone, the ME 4012 process control
system has to meet very specific requirements for safe and reliable
control of the five main operating conditions

« starting and synchronization

« loading and power operation with power controller and frequency
influence

« controlled deceleration at load shedding and securing the station
services at load shedding

« load ramp operation
 shut down.

Furthermore, the ME 4012 process control system continuously
monitors the actual status of the plant so that the necessary conclu-
sions for optimal plant operation can be drawn from any changes
that might occur. The aim of this enhanced turbine control system
is to ensure

« operational safety

« availability

« extended life expectancy
 convenient operator guidance and
 easy maintenance.

Throughout its long operational life the turbine set is to run and be
maintained at maximum efficiency.

Digital turbine control systems - Perspectives

With the development of the digital turbine controller, the Helmut
Mauell company was able to implement the experience and know-
how obtained over many years in the

* development

* design

» manufacturing
« installation and
* commissioning

of control and instrumentation systems. The ME 4012 was devel-
oped into a process control system that is completely open for all
areas of block and turbine control. This also applies to processes
which impose particularly strict requirements on the controller cycle
time, such as turbine speed control.

Main functions of the turbine control system:
* Turbine controller (speed and power control)

* Turbine temperature controller (life expectancy and transient
calculation)

* Turbine auxiliary plant
(measurement, drives, closed-loop controls, function groups)

* Turbine load current protection (oscillation, expansion,
temperatures)

» Automatic test of load current protection

« Turbine no-load current protection (overspeed, generator and tank
protection)

 Automatic test of no-load protection

* Turbine control room (operator control and monitoring, alarm
logging)

« Central control system diagnostics, configuration and
documentation

« Easy interfacing for connection to block control system based on
the SUB-NET process bus

Based on these functions, the utility industry is provided with a
process control system which, using standard

« system hardware
« firmware

» documentation

* operator interface

economically and conveniently automates, monitors and controls
the entire power station process which includes the

* steam generator
* turbine set
« auxiliary plant for operation and pollution monitoring.

The resulting advantages for the power supply companies is our
contribution to new perspectives in digital turbine control.
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Digital Turbine Control Concepts

Y

Conditions
for future operation

DVG guide lines for
plant safety

Primary control
(frequency back-up control)
Secondary control
(system characteristic control)
Block control reserve
Overspeed protection
Fundamental protection
Extended protection

)

Y

Recommendations
for future operation

Life expectancy
Availability / Reliability
Extended safety
Operation monitoring

Temperature controller (TLG)
Load limit facility
MP inlet control
Protection monitoring
Turbine monitoring
Turbine auxiliary plant

¥

Control System Overall Concept

Operator control and process monitoring

TLG report

el s 0w 4L

Local operator control

Central configuration
and documentation

Logs and reports

| SUB-NET process bus

Turbine

controller

Turbine
auxiliary plant

team generator
control system

]
]
]
BT 1

Turbine
controller
Local opera-
tor control
Turbine
controller

Automated

function groups
Closed-loop
control

Turbine
protection

Turbine protection
AS No-load current|
Turbine protection
RS  Test
Turbine
protection RS

Turbine
monitoring

Turbine protection
AS Load current
Turbine
protection AS|
Turbine monitoring|
measuring system

Turbine tempe- Signal I Turbine monitoring| Turbine
rature controller conditioning measuring system protection RS
— | S——————— | S——————— | S———————— — ]
I %] aa
L v e & & 8 g g b B A\ g T

ME 4012 digital turbine control: hardware system overview

Digital Turbine Control Systems - System Overview




Digital Turbine Control Systems - Layout Diagram
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- Coaling, pulverization

- Air / flue gas

- Coaling (fail-safe)

- Feed-water

- Superheater

- Condensed steam

- Long-range energy branch
- Station auxiliaries service

Auxiliary plant

- Flue gas desulfurization

- DeNOx, NH3 tankage

- Water treatment

- Condensed steam treatment
- Coal, lime supply

- Ashes, gypsum disposal

Turbine controller Turbine auxiliary ple
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Turbine controller (TR) Control and instrumentation of the turbine auxiliary plant

As the turbine controller's modular design is based on the ME 4012  (THR)
standard modules, the system for industrial turbines can be of sin-  Besides the turbine speed and power control systems, the turbine
gle-channel structure, whereas a two-channel structure with bump-  auxiliary plant too is of great importance for the safe operation and

less transfer can be implemented for the highest power ranges.

The functions of the turbine controller:
« Measuring data preparation

» Speed control

* Pressure control

» Power control

« Valve position control

« Control logics

 Alarm generation

 Operator guidance

Turbine controller special features:

« Controller cycle time of approx. 10ms

« Speed signal resolution: 0.5 mHz

* Speed measuring accuracy: 2mHz abs. at 50 Hz

control of the turbine. Some of its main tasks are:

* Gland steam pressure control

* Gland steam temperature control

Using the ME 4012 standard modules, the system can be

configured to implement clear and well-structured control solutions

for the defined tasks.

The system comprises:

* Field units for measuring and instrumentation
« Field installation and cabling

» Measuring data preparation

* Binary signal conditioning

* Drive control

» Closed-loop control and power controller

» Alarm generation

 Automated function groups

* Operator control level

The main functions are:

« Control of the turbine auxiliary control loops

* Control of the servo drives

» Automated function groups for controlled operation

* Operator guidance at manual operating mode

* Operator control and monitoring from a central control room
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Turbine monitoring

Derived from the investigations into plant safety and availability, the
concept of dynamic simulated tests of all sensors and modules for
measuring data preparation and limit value generation ensures
maximum availability with only a minimum of expenditure. Also,
thanks to the two-channel measuring data preparation and limit
value generation, any due repairs can be attended to without hav-
ing to interrupt turbine operation. Based on elaborate test reports,
preventive actions (or measures) can be taken to monitor and slow
down material ageing.

Turbine monitoring comprises:

» Measuring data preparation with interface to the online dynamic
simulated test

» Signal evaluation and limit value generation
» Measuring data indication and alarm generation

Principal measurements:

* Turbine speed (accuracy: = 0.04 %. absolute)
* Shaft oscillation

* Bearing housing oscillation

* Relative and absolute expansion

* Shaft position

* Axial thrust

Turbine protection (TS)

The turbine protection covers all criteria that can cause damage to
the plant. If one of the criteria exceeds a permissible limit, the tur-
bine protection interrupts the operation of the plant.

In compliance with the classification of protection criteria (VGB
brochure VGB-R 103-M "Monitoring, safety and protection equip-
ment in steam turbine plants"), the turbine protection is structured in
such a way that it fulfills the requirements for reliability and availabil-
ity of the overall system.

Turbine protection comprises:

« 3-channel overspeed protection (double redundancy)
« Limit value generation and signal linking

 No-load current tripping signal generation

* Online test facilities for all protection components

Main functions:
 Overspeed protection

» Fundamental protection
(bearing oil and condensator pressure, shaft position, tank
protection, generator protection, emergency stop)

 Extended protection
(shaft oscillation, relative expansion, bearing temperatures, waste
steam temperatures, temperature difference HP, MP

The protection system is completely backed up by a redundant pro-
tection system in all areas of signal processing. Wired OR logic is
used to link the signals from the turbine monitoring with general
machine protection. The redundant electromagnetic seat valves in
order to relieve the spring-loaded quick-action stop and servo
valves are directly activated via a hard-wired N/C current NAND
module. Moreover, the automatic test procedure on independent
subprocessors allows the turbine protection facilities - including the
quick-action stop valve activation - to be online tested at any time,
without significant impairment of the turbine operation.

Turbine shaft

Speed measurement :
Accuracy +/- 2mHz = 0,004 % at 50 Hz
Signal resolution 0,5 mHz

Signal sampling rate 5 msec.
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Turbine temperature controller (TLG)

Taking into account various measuring values, the turbine tempera-
ture controller computes the permissible transient values of the tur-
bine's steam temperatures, performance and valve position. In
addition, it constantly determines the degree of fatigue of those tur-
bine parts which are subjected to heavy strains.

The integration of the TLG hardware in the turbine controller cabi-
net and the direct connection to the process ensure that the TLG is
optimally linked to the plant’s control and instrumentation
system.This allows, for example, to conveniently print out the col-
lected data on the allocated TLG report printer or monitor of a local
operator station.

The TLG's technical features:
« Process computer with 32-bit central unit

« Redundant SUB-NET process interface for all process data and
control commands

 Hard disk drive

* TLG report printer

 Monitor interface

« Key board interface

Main tasks of the TLG:

« Life expectancy calculation

« Transient limitation to prolong material life

Operator control and process monitoring

Operator control and process monitoring of the digital turbine con-
trol systems (TLT) can be implemented in two ways:

1. Mauell - TLT works as a stand-alone process control system
which is linked to a higher-level third-party process control system.

The TLT is linked to a higher-level block control system via a serial
interface.

2. Mauell - TLT is an integrated part of the higher-level ME 4012
process control system.

In comparison to the stand-alone system, this solution offers a
number of advantages:

* uniform design

« uniform documentation

« uniform alarm processing

« uniform operator control and process monitoring philosophy
« central configuration and diagnostics

An ME-VIEW-PM system is used for local operator control and
process monitoring.

Furthermore, the simulation and test equipment can be started by
means of an operator’s panel provided for each turbine controller
inside the cabinet.
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Representatives

Germany

Helmut Mauell GmbH

Am Rosenhlgel 1-7
D-42553 Velbert

Tel.: +49 (0)2053/1 30
Fax.: +49 (0)20 53/1 36 53
Internet: www.mauell.com
E-Mail: info@mauell.com

For an up-to-date list of all our representa-
tives and branch offices, please visit our
homepage: www.mauell.com

Representatives and

Branch Offices

All Over The World:

Abu Dhabi U.A.E.
Argentina
Austria
Belgium
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Czech
Republic
Denmark
Finland
France
Great Britain
Hungary
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Iran

Korea
Kuwait
Netherlands
Norway
Poland
Singapore
Spain
Sweden
Switzerland
Turkey
USA
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