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Abstract: In each hydroelectric power station, one of the outstanding systems is the power
channel, which provides water flow to the hydroelectric power generators. On this power
channel, there are two or more special valves that can interrupt the flow in specials
conditions.

In this specific application, there are two butterfly valves and the associated command system,
placed together into a special underground room, called “valve house”. The function of the system
is to allow the water flow reach the generators by keeping the valves opened (0 — 5 degrees) and to
avoid the overflow of the underground power station in case of: destruction of the power channel;
destruction of the diversion channel or of any other major malfunction of the hydro-generators
groups.
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1. INTRODUCTION

The purpose of this work is to design an automated system to monitor and control
the two butterfly valves. This system is the result of the IPA research collective; the system
is currently implemented and used to the “CHE Mariselu” hydroelectric power station.
Basically, there are two decisional levels: the local level — transducers, operating elements,
intelligent command unit, and the central level — placed into the control room of the
station, a PC that displays the current parameters and stores all the system’s events for
further statistical analysis. The whole system is self-protected against malfunctions by
using the so-called “warm reserve” — an identical structured system that takes control in
special circumstances.

The butterfly valves are placed on the power flow channel in order to prevent the
overflow of the power station by closing the main flow from the reservoir to the
hydroelectric groups. In normal functioning conditions (at the right parameters) of the
hydroelectric groups, the butterfly valves must be kept opened in order to allow the water
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flow pass with minimum loss of pressure. In other words, the entire potential of the
reservoir is transferred to the hydroelectric groups.

These valves are controlled by a hydraulic pipe system, monitored by an automated
command unit and equipment that are placed nearby, in the same valve house. Taking into
account the importance of the entire system, each hydraulic system has two pumps, one
active and the other one kept as a reserve. On each hydraulic pipe circuit, an electrically
activated three-way hydraulic splitter is attached in order to obtain the direct pumping
circuit to the valve piston and the reverse circuit to the oil basin. The breakdown of
butterfly valve can be obtained as a result of the return to oil basin.

The automated system performs the data acquisition task and the primary data
analysis, displaying and storing the current process variable (numerical and continuous
values) and using this values it generates the proper commands to the hydraulic system to
control the position of the valve.

If the valve is in breakdown-state, the system must enable the human intervention to
open the butterfly valve in safe conditions (that is with a right pressure in front of and after
the butterfly valve). This pressure balance can be induced by the secondary water circuit —
the so-called “bypass” — which is a secondary tube fixed on the main-pipe.

2. THE AUTOMATED SYSTEM ARCHITECTURE
The monitoring and controlling system is architecturally structured on three levels

(two of them are locally):

e central level — into the main control room of the power station;

¢ local processing unit — into the valve house;

e local level — transducers and operating units in the controlled installation.

Functions performed by automating system:

e continuous measurement of: angular position of butterfly valves, upstream and
downstream pressures, water debit trough the main-pipe, level in the oil-basin and
transmit all this parameters to the command room;

e automatically starts the pumps if the angular position reaches the 5° limit, and stops this
action to the 1° limit;

e at a 10° limit, it originates the breakdown conditions for the butterfly valve and
indicates the situation to the power station in order to shut down the hydro-generator
groups;

e it switches between two power lines, using an automatic switch main/spare power
supply - in case of main line power down;

¢ local and long-distance displaying of current process state — the power line; the working

valve; the pressures on the main pipe; the situation of the operating elements; the

current state of the intelligent unit;

store current configuration of the hydraulic elements an shows theirs states;

acoustic alarm that signals the exceeding of the prescribed limits;

self-monitoring of the electrical circuits and operating elements;

displays the normal functioning conditions of the equipment;

save the current configuration of system;
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store the number of start commands for each pump, as well as the total functioning

time;

it makes water consumption calculations and statistical analyses (per day, per month).
Monitored and controlled parameters:

active power line — 0.4 kV — which provides the energy;

angular position of each valve;

upstream and downstream pressures of each valve;

current situation of each valve — working or reserve;

constant debit trough the main pipe;

total number of malfunctions during the functioning of the system;

date and time when the main doors (from each entrance) are opened;

water level in the overflowed channel;

number of hydro-power groups;

oil level in basins (for each hydraulic circuit);

water consumption during a determined period of time..

3. DESCRIPTION OF EACH SUBSYSTEM
3.1. The central level: it uses a PC who takes the parameters from the local

command unit and stores them into its history files. On the hard disk, it creates a special
folder for the database files for further statistical analysis, graphic analysis and display or
computation of other specific application parameters. The specific parameters are
calculated so as to improve the efficiency of the process. All parameters are displayed on
the screen; the following figure shows the main screen of the application.

Fig. 1: The main screen of application
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3.2. The local processing unit — this level includes four cabinets:

o The power supply cabinet: it provides the circuits for the control of the
power supply line. There are two power lines to the valve house; each of them can provide
0.4 kV. The main line is supplied from the underground power station, whereas the
secondary line is supplied from a local transformer, placed next to the entrance of the
tunnel. The switch from the main line to the secondary one is operated by an automatic
switch main/spare power supply — AAR — on power loss of the main power. The power loss
is detected by a low-power relay that controls the contacts to the secondary line. At the
right voltage on the main power line, the relay switches back, using a small delay. The
selected power line is locally indicated on the front panel by lamps and read and
transmitted to the central level in order to be displayed on the monitor.

o 24Vcc power supply cabinet: this contains the components witch provides
continuous uninterruptible power to the local intelligent unit and to the lower level, to
transducers. This is achieved by using a switching power source to convert the main
voltage from 220Vac to 24Vdc. In case of power lose, the 24Vdc power is supplied by an
accumulator who works in parallel with the main source power. This accumulator has
enough power for 12 hours of continuous functioning.

o  Command wiring cabinet: this cabinet contains all command equipment and wiring
to the executing elements (pumps and valves) of hydraulic system. There are two pumps on
each butterfly valve; one is kept as reserve and the other one is active. The hydraulic and
the mechanic system are conceived in order to prevent the simultaneous functioning of
pumps.

Each pump has its own command and wiring circuit in order to prevent
malfunctions and to provide a secondary backup system. The protection in functioning is
provided by breaker (allowing a maximum current in order to prevent the overheating) and
soft-starter (for starting and stopping regime without electrical or mechanical forcing). The
pumping command means to supply an alternative power of 0.4kV to the pump’s motor.
This command is based on the current state of process — decided by local intelligent unit
after achieving and interpreting all parameters from transducers.

In the same cabinet are also placed the circuits that provide the commands to the
hydraulic three-way-splitter. By supplying 220Vdc power (received from the underground
power station) to the splitter is selected the hydraulic circuit for pumping and keeping the
butterfly valve opened. Interrupting power supply is obtained the close conditions for
valve. This command is also decided by local intelligent unit after achieving and
interpreting all parameters from transducers.

o The intelligent unit cabinet: it includes all programmable logic devices with
interfaces to/from the process and communication interface with the upper level. The local
intelligent unit is redundant — it would mean two identical, parallel systems. Only one of
them is active at a time, and the other one is kept as worm-reserve. If malfunctions occur
into the main system, the secondary system takes charge of the process. Each system
includes:

— programmable logic controllers (PLC) from the Siemens S7-family, which is the
“brain” of the local system;
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— two extension modules (from the same S7-family) to receive parameters from the
transducers; each module can read only four transducers;
— DC power supply for transducers.

Numeric inputs of the process are connected directly to the PLC, using a special
interface circuit to prevent the transmission of dangerous voltages from the process to the
PLC. The same interface type is used to provide numerical outputs (command line) from
the PLC to the operating elements.

The current state of the process, the local parameters (angular position, pressures
and oil level in basins) and the current commands are locally displayed by using an
operator panel, which is useful not only for displaying, but also to receive commands from
the human operator who touches one “button” on the screen.

3.3. Local level: means all the transducers placed on the hydraulic system and the
power channel. The transducers actually in use are:

o The debit-meter transducer: it allows the measurement of differential pressures on
the main pipe (power flow channel). It is fixed on the main pipe by special plug-in tubes.
The difference between the pressures in each tube is used into an equation (provided by the
manufacturer), in order to calculate the debit trough the main pipe. For an accurate display
in measurement units a preliminary operation is necessary: the correlation between
numerical values from the transducer and the displayed value calculated by using a
standard measurement device. The PC realizes this correlation and at least three different
values are necessary.

After the tune-up operation, the main running program permanently calculates the
power flow debit and compares it with the cumulated values of debits from each group. In
any mismatch, the application notifies the human operator and sends the local processing
unit a command to shut down the butterfly valves (the mismatch is understood as a
downfall on the power channel).

o The pressure transducers: they allow the measurement of the relative-to-air
pressure. There are three similar transducers located on the main pipe: by combining two
values one can obtain the upstream and downstream pressures on each valve. If the valves
are closed, the local processing unit does not allow the command “open valve”, even if the
“close” condition is missing. The “open” command is allowed only when the by-pass
circuit is opened and the pressures equalized.

Moreover, the transducers allow the on-time analysis of the water potential in
function, at the startup or shutdown of the power generators.

o The level transducers: they are fixed on the basins of the hydraulic system. They
measure the oil level in each of them and calculate the oil pressure against air. The value is
displayed locally and transmitted to the control room in order to inform the maintenance
team about oil losses in the hydraulic system.

o The angular position transducers: they are fixed one on each valve. It is a
mechanical device on the main axe that allows a steadily connection of the transducer. The
transducers are based on the rotary potentiometer that calculates the angle based on the
measured resistance. The transducer provides an electrical signal in a 4 to 20mA range,
proportional to the angle, in a range of 0 to 90 degrees. This signal is given by the local
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processing unit and it is used to calculate and display as degree of rotation from zero. This
value is also used to send commands to the pumps in order to keep the valve open.

3.4. The manual command system

This system is intended for maintenance purposes only or for use in some extreme
conditions (when the automatic command unit is destroyed). In this case, the process
requires a human operator at the valve house.

The system enables a restrictive direct command on the operating elements. The
restrictions are based on certain rules:
- only one pump at time can be activated;
- only a closed valve can be opened,
- the pump command ends when the “open” position is reached;
- the pump command is possible only if the three-way-splitter is activated and the main

hydraulic circuit is opened.

The system detects the angular position of the butterfly valve by using proximity
sensors, located so as to obtain three decisional levels: 0, 5 and 10 degrees. The system is
located in the same cabinet as the power supply system.

4. CONCLUSIONS

The “Automated Controlling System for Butterfly Valves on Power Channel” has
been implemented to the “CHE Marisleu” hydroelectric power station and is currently in
use. From the design and conception phases resulted a redundant system, self-protected
against malfunctions, the process being under permanent control.

The specific structure of the system — two controlled butterfly valves — increases the
security of the system; in most cases only one valve is used. This system may be re-
configured in order to be used with other similar installations, offering multiple benefits:

- areal-time control of the process and history of the events and parameters;

- statistical and graphical analysis;

- specific user data determination, based on current parameters;

- automatic control and user assistance;

- easily configurable to specific similar systems;
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