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7 PRACTICAL EXERCISES MANUAL

7.1 DESCRIPTION

7.1.1 Introduction

The Smart Grid Power System Application, with Automatic Control
Generation, Transmission Lines and Loads with SCADA, “AEL-TI-”, is an
application designed to study the operation of smart grids and the different agents

involved in power generation, transmission, distribution and consumption.

The AEL-TI- provides teachers, students and researchers the most
important knowledge about how a real smart grid works, which are the most
important control variables and how the speed and voltage controller in the motor-
generator works. With this application the user can study the generator controls
and the synchronization with the grid for any power plant in general. Besides, the
user will see from the control panel all alarms and signals that protect and show

the generator state.

The AEL-TI- includes a SCADA Control System with which the user
will manage and monitor a great amount of signals both manually and
automatically. For example, start and stop turbine signals, turbine speed control
signal, generator current excitation control signal, opening and closing maneuvers

of circuit breakers and disconnectors, etc.

Through the SCADA Control System the user can control and study the
motor-generator group in isolated operation or in synchronism with the grid. For
isolated operation the application includes a series of commutable three-phase

resistive, inductive and capacitive loads. In this way, the user can vary the active
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power, capacitive reactive power and inductive reactive power. For
synchronization operation with the grid, the application detects its presence; hence,
the speed and voltage controller adjusts voltage phase angles and turbine
frequency in order to get synchronization conditions with the national grid. Other
important characteristic is that the user can take the full control over the speed and

excitation signals to control the motor-generator group manually.

On the other hand, through the SCADA System it is possible to acquire
all electrical parameters, such us generator output voltages, line currents, power
factors, active powers, reactive powers, apparent powers, excitation voltage,
excitation current, generator speed and frequency, PID speed signal, phasor
diagrams, etc. Besides, the SCADA includes an oscilloscope that allows
visualizing voltage and current true RMS values in order to carry out different

analysis of the power generator.
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Figure 1: AEL-TI- Smart Grid Power System Appplication, with Automatic Control Generation,
Transmission Lines and Loads with SCADA
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7.1.2 Description of the unit

Figure 2: AEL- CPSS-01S modules

The following list contains the references of each element numbered and
a brief description of its functions in the process.

1. N-ALIO1. Industrial Power Supply is used to simulate the national

grid and to carry out synchronization operations. In addition, this
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module supplies power to both network analysers.

. N-PPIM2. Instrumentation Module 2 is used to take analogue
measurements of active and reactive power, frequency, AC voltage

and DC current.

. N-PPCML1. Control and Protection of Turbine-Generator Group
Module 1. This module includes a frequency and voltage controller
which allows automatically controlling these parameters. In addition,
it is used to alarm and protect the turbine and generator against
several faults. Besides, this controller allows automatic the

synchronization with the national grid.

. N-PSUB3. Power Generator Substation Module 3. This module is
used to control the power substation switches and synchronous
generator and turbine working conditions. In addition, it has several
switches to choose different control ways: local control or remote
control (SCADA). From local control it is possible to choose
manual/automatic frequency and voltage control and the commutation

of 52G and 52NET synchronization and mains circuit breakers.

. N-AE1CD. Transmission Lines Simulation Module is used to
simulate how electrical energy is transported and distributed along
different length lines thanks to the different configurable electrical

parameters.

. N-EALD. Network Analyzers for Bidirectional Smart Metering
(Smart Meter Simulators) is used to take measurements of the

principal parameters involved in the energy flux.

Unit ref.: AEL-TI- Date: May 2018 Pg: 7 /222




: PRACTICAL EXERCISES MANUAL
Eﬁd | b o

. N-REG16. Voltage Regulation Module 1. This module allows to
control the voltage regulation of the TRANS3/5KRM transformer. It
consists of a commutator to increase or decrease the output voltage of
the transformer. Additionally it includes two signal connectors to

control the voltage regulation remotely.

. N-BUSO08. Distribution bus bar module. This module allows
understanding the most important operations carried out in maneuver
power substations. This module represents a double bus bar with two
disconnectors and one circuit breaker in order to carry out the opening

and closing of them.

. N-BUS09. Coupling bus bar module. This module allows
understanding the most important operations carried out in maneuver
power substations. This module represents a coupling bus bar with
two disconnectors and one circuit breaker in order to carry out the

coupling of two bus bars.

10.N-CAR35T3D. 3 x 300W Three-Phase Configurable Resistors

Module. It is used to study the active power consumption by the load
in delta and star connection. This module includes a series of jumpers
for an easy delta connection. In addition, this module can be
controlled from the SCADA Control System.

11.N-CAR36T3D. 3 x 300VAr Three-Phase Configurable Inductances

Module. It is used to study the consumption of the loads in delta and
star connection. This module includes a series of jumpers for an easy
delta connection. In addition, this module can be controlled from the
SCADA Control System.
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12.N-CAR19T3D. 3 x 300VAr Three-Phase Configurable Capacitors

Module. It is used to study the consumption of the loads in delta and
star connection. This module includes a series of jumpers for an easy
delta connection. In addition, this module can be controlled from the
SCADA Control System.

13. GMG4.5K3PH. Three-Phase Synchronous Generator-Motor Group.

It is used for power generation. It consists of a three phase induction
motor of squirrel cage used as prime mover. This motor drives the
three-phase synchronous generator at its nominal regimen in order to

produce electricity.

14.N-ERP-MFO1. Digital Faults Simulation Module is used to inject

faults in different points of the unit to test the back-up protections of
the generator motor group controller . It consist of power connections
which can be configured to inject single phase, two phase and three

phase short circuits.

15. TRANS3/5KGR. Grid Transformer 400/400 VAC, 5kW. This

transformer provides galvanic isolation between the application and
de laboratory network. It is always necessary that users are going to

inject faults to avoid that the laboratory protections do not trip.

16. TRANS3/5KSU. Step-Up Power Transformer 400/400 VAC, 5kW.

This transformer is used to be connected at the output of the generator

in order to simulate the same conditions of a power substation.

17. TRANS3/5KRM. Three-Phase Autotransformer with Motor Voltage

Regulator, 400/400 VAC, 5kW. This transformer is used in power

distribution in order to compensate the voltage drop in the
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transmission line connected before it.

In order to fully understand the global functionality of the AEL-TI-, this
diagram shows simply and clearly the connection of the main elements of the

Smart Grid:

RESISTIVE LOADS

INDUCTIVE LOADS

\ '
‘ i 'y
. '
: ) '
! [FREQUENCY EXCITATION ' h
| |REGULATOR REGULATOR ' L
; T 5 C ] (i CAPACITIVE LOADS
' o L)
! i

- BACK-UP OVERCURRENT
- PROTECTION

S POWER SUBSTATION : TRANSMISSION LINE

Figure 3: Diagram of AEL- CPSS-01S
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7.1.2.1 N-ALIOL. Industrial Power Supply

N-ALIO1
INDUSTRIAL POWER SUPPLY

CHNT

400 VAC INPUT

Figure 4: N-ALI01 module

The power supply module allows supplying to the rest of modules. It
consists of a single-phase voltage and a three-phase voltage (for industrial
installations) with the format of an industrial switch and terminals for the phases
L1, L2, L3, line L, neuter N and ground GND.

A removable two-position switch (ON-OFF) carries out the function of
main switch.

When module is connected to the network and of the state of the
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magnetothermics is activated and the emergency mushroom stop is switched on,
the red light on the emergency shutdown gets lighted, regardless of the position of

the key.

The other red light, placed on the security key, will be lighted just in
case there is voltage in the output terminals (that is, if the protection is completely

activated and the emergency switch is off).

The protection of the four-pole differential automatic protection of
240V/30mA/25A (tested) and a four-pole automatic magnetothermic switch of
230/400V-16A/6kA are in charge of the unit’s security. Switches are placed on the
back part of the panel. There is also an emergency shutdown button that

immediately interrupts the current.

The N-ALI01 module has the following elements:

N-ALIO1
INDUSTRIAL POWER SUPPLY

Figure 5: N-ALI01 elements
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1. 400VAC input connector: The module includes a power supply cable in order

to connect the module to the grid.

Figure 6: Power supply cable

2. Differential protection: The 4 poles differential switch of 240V/30mA/25 A
(with test) and the 4 poles magneto-thermal switch of 230/400V-16A/6KkA are

in charge of the safety of the unit.

3. Connected power supply indicator: This lamp indicates that the module is
plugged and the magnetothermal protection is activated and the emergency stop

mushroom is switched on.

4. Active outputs indicator: This light will be activated if all the protections of

the unit are working. When this happens, the supply module is ready to be used.

5. Emergency stop mushroom: The safety mushroom pushbutton is used when
the power supply of the circuit needs to be cut immediately when facing an

emergency situation.
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6. Safety key: The key has two positions: ON and OFF. The laboratory teacher in
charge can remove the key in OFF position to prevent students from operating
the module. Check that the “outputs ON” LED indicator is lit when the
magnetothermal circuit breaker is activated; the safety mushroom push button

deactivated and select the ON position with the safety key.
7. Three-phase terminals: These are the three-phase outputs at 400VAC.
8. Single-phase terminals: These are two single-phase outputs at 230VAC.

9. Ground terminal: This terminal must be connected because if there is any
failure in the circuit this is detected automatically by the residual-current circuit
breaker. The ground terminal is connected to the module frame for safety

purposes.




. PRACTICAL EXERCISES MANUAL
@d I b 5

Unit ref.: AEL-TI- Date: May 2018 Pg: 15/ 222

7.1.2.2 N-PPIM2. Instrumentation Module 2

Q

N-PPIM2
INSTRUMEINTATION MODULE 2

Figure 7: N-PPIM2 module

This module consists of five analogue meters which show the main

electrical parameters of the generator:

1. Three-Phase wattmeter: This component allows measuring the
generation of active power that the generator supplies to the

application or injects to the electrical grid.

2. Three-Phase varmeter: This component allows measuring the
generation of reactive power that the generator supplies to the

application or injects to the electrical grid.

3. Voltmeter: This component allows measuring the AC voltage
between the output terminals of the generator that supplies to the

system.
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4. Frequency meter: This component allows measuring the frequency

of the generator.

5. DC ammeter: This component allows measuring the excitation

current of the generator.
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7.1.2.3 N-PPCML. Control and Protection of Turbine-Generator Group
Module 1

N-PPCM1
CONTROL AND PROTECTION OF TURBINE-GENERATOR GROUP MODULE 1

Figure 8: N-PPCM1 module

1. Automatic Speed and Voltage Controller: It is used to control,
protect and monitor the power plants functions based on electrical

generators.
This module has the following characteristics:

e |t allows connecting up to 16 electrical generators in parallel-
island, with distribution of active and reactive load and start/stop

in function of the load demand.

NOTE: it is required as many modules as generators to be

coupled.

e |t allows connecting a generator in parallel with the electric
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network.

It has analogical outputs to control different voltage and

frequency regulators available in the market.

It enables a three-phase measurement of the voltage in the

network and the generator.

It enables a three-phase measurement of the current and power of

the generator.

It enables a single-phase measurement of the current of the

network.

Besides, the automatic controller includes the following protections:

Generator: maximum/minimum voltage (59/27),
maximum/minimum frequency (810/U), voltage asymmetry,
detection of dead busbars, overvoltage (32), load unbalance (46),
negative sequence power/reduced power (32R/F), overcurrent by
defined curve (50/51), inverse time overcurrent (IEC255),

measured ground fault (50N/51N), phase rotation, switches fault.

Network: maximum/minimum voltage (59/27),
maximum/minimum frequency (810/U), vector jump, phase

rotation.

Alarms: it consists of six red configurable lights to notify any

type of trouble. Each led alarm is related to an alarm type:

e Alarm 1. Generator Reverse Power: it is activated when

the controller detects negative-sequence power in the
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generator.

Alarm 2. Generator Overcurrent: it is activated when the

controller detects an overcurrent in the generator.

Alarm 3: Over/undervoltage: it is activated when the
relay detects an overvoltage or undervoltage in the

generator.

Alarm 4: Inverse Time Overcurrent: it is activated when

a suddenly overcurrent appears.

Alarm 5: Generator Over/underfrequency: it is activated
when the relay detects an overfrequency or underfrequency

in the generator.

Alarm 6: Shutdown alarms: this indicator will warn the
user when any alarm mentioned before and many others

configured in the controller are activated.

NOTE: If any alarm is activated, the turbine cannot operate.

3. Remote control signal states: it is composed of four green lights

that show the state of generator and turbine:

e Ready for operation: this indicator light indicates that the

motor-generator group is ready to work. This light will

blink always that any alarm is turned off.

Start request: this indicator light indicates that the user has
sent a request from the control panel or SCADA to start the

generator.
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e Synchronization conditions: this indicator is activated

when the controller detects synchronization conditions, that
IS to say, the phase AJ, voltage AV and frequency Af
differences between generator and network are smaller than
a previously preset percentage. When this light is turned on
the user has permission to close the generator circuit
breaker 52G.

If the generator is working in stand-alone mode (52NET
open), the synchronization conditions light will be turned

on when the generator reaches 50Hz and 380 VAC.

Permission for synchronization: this indicator is turned

on when the user gives permission for synchronization.

4. Back-up protections: these protections allow protecting the
alternator against overcurrent and reverse power. The relays have
already been configured in such a way that the user MUSN’T
VARY THE POTENTIOMETERS.

. Ethernet: this connection allows communicating the controller
with the Woodward Toolkit configuration software. The controller
is perfectly configured in Edibon and there is high risk of the
machine works bad if the user change any parameter. Edibon

supplies the communication cable for technical support only.

6. GND terminal.
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7.1.2.4 N-PSUB3. Power Generator Substation Module 3

C

N-PSUB2
'ER GENERATION SUBSTATION MODULE 2

Figure 9: N-PSUB module

This module simulates the usual operations carried out in a power

generation substation.

1. Current controller: this element is incorporated in the excitation
circuit of the alternator or generator. The excitation current is
controlled via a signal generated by the Speed-Voltage controller
in order to obtain the correct conditions of generation voltage. It
has two terminals to measure the excitation current of the rotor

alternator.

2. Measurement points: there are 8 terminals corresponding to L1,
L2, L3 and N. These terminals can be directly linked or used for

the connection of measurement instrumentations and other
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elements such as transformers. .

3. 52G status indicator: it is a red light to indicate that circuit

breaker is closed.

4. 52NET indicator: it is a red light to indicate that circuit breaker

is closed.

5. Output terminals: they are L1, L2, L3 and N terminals that allow

connecting the generation substation with the laboratory network.

6. Power and Signal Connections: this block consists of the
following three connections that will be described from left to

right:

e Auxiliary: this connector is used by EDIBON for
commissioning the module. In normal operations this

connector does not work.

e Turbine: this is an IP44 3PN+E 32A 400V connecting plug

to provide power supply to the turbine.

e Generator: this is an 1P44 3PN+E 32A 400V connecting

plug to provide power supply to the generator.

7. Control modes: it consists of a switch in order to select between

the two control and operation modes:

e Local control mode: the user can work physically with the

whole switches of this module.

e SCADA control mode: on this position, all switches of the
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module are disabled. The application can only be controlled
from the computer and SCADA.

8. Local control mode: if the user has chosen a local control mode,
he has 4 options to control the turbine and generator via 2

switches that will be described from top to bottom:

e Speed control switch: the user can choose between a
manual speed control and automatic speed control that lets

the Speed-Voltage controller adjust it.

e Excitation control switch: the user can choose between a
manual excitation control and automatic excitation control

that lets the Speed-Voltage controller adjust it.

9. Control switches: this is composed of 4 switches in order to carry

out several manoeuvres:

e Start/stop turbine: it put in operation the turbine if any

alarm is activated.

e 52G synchronization permission: the user gives permission

to synchronize the generator with the grid or in stand-alone.

e Enable/disable 52NET: the user gives permission to work

with the national grid.

e Reset alarms: push button to reset the active alarms. It is

required to press two times to reset any alarm.

10.Manual speed control: this is a potentiometer that allows varying

the turbine speed in order to have different conditions of
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generation.

11.Manual excitation control: this is a potentiometer that allows
varying the excitation of the generator in order to have different

conditions of generation.

12.Emergency stop: the safety mushroom pushbutton is used when
the power supply of the circuit needs to be cut immediately when

facing an emergency situation.

13.Ethernet: this connection allows connecting the module with the
computer and other modules for transmitting the data signals. This

cables are always necessary to work with the SCADA.

14.ON/OFF switch: this switch provides power supply to the

module.
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7.1.2.5 N-AE1CD. Transmission Lines Simulation Module

N-AE1CD \
TRANSMISSION LINES SIMULATION DIGITAL UNIT

Figure 10: N-AE1CD module

This module allows studying how electrical energy is transported and
distributed along hundreds of kilometres. The transmission line module is designed
according to the concentrated parameters theory with variable inductances,

capacitances and resistances.

1. Capacitance of the electrical line: it consists of six capacitors of
2UF which can be included or not by means of jumpers.

2. Resistance of the electrical line: it consists of two resistors per
line of 33 and 15 Ohms that can be connected in series or
independently, so the possible combinations are the following: 15,
33 and 48 Ohms.
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3. Inductance of the electrical line: it consists of two inductances
per line of 33 mH and 72 mH that can be connected in series or
independently, so the possible combinations are 33 mH, 72 mH
and 105 mH.

4. Neutral resistance: it consists of a 15 Q resistor that allows

reducing the fault current in earth faults.
5. GND terminal.
6. Output terminals.
7. Input terminals.

8. Phase loss terminals : they can be used to produce line
unbalances on “purpose through the use of the jumpers, to test the

unbalanced loads protection of the controller.
9. 230 VAC+ GND power supply terminals.

10.Fuses: 10 A fuses to protect the module.
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7.1.2.6 N-EALD. Network Analyzer Unit with Computer Data

Acquisition

POWER SUPPLY 230 VAC

*
Q =

Figure 11: N-EALD module

The Network Analyzer Unit with Computer Data Acquisition is used to
analyze the electrical parameters of the network: active, reactive and apparent

power and energies, currents and frequencies.

1. ON-OFF Switch.
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. Input Terminals: Input connection with the measurement point.

. Output terminals: Output connection with the measurement

point.

Supply terminals: These terminals are used for the module
supply of 230VAC.

. Fuses: Three fuses of 10 A to protect the module.

. Network Analyzer Display: The display shows voltages, currents,

active, reactive and apparent powers, frequencies and energy

measurements.

. RS-485 Communication port: Two RS-485 Communication port

which allow communicating with computer to transfer the

measured information.

For more information about this module, please consult the user’s

manual of the N-EALD.
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7.1.2.7 N-REG16. Voltage Regulation Module 1

SIGNAL POWER
CONNECTOR CONNECTOR

VOLTAGE REMOTE -
REGULATOR VOLTACE
CONTROL

DOWN upP ’

24 vDC INPUT

24 VDC
| ourpur SN2

Figure 12: N-REG16 module

This module is used to access to the distribution transformer terminals
and to control de voltage regulation.

L1, L2, L3 and N left terminals are connected to the primary winding of
the distribution transformer.

L1, L2, L3 and N right terminals are connected to the secondary winding
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of the distribution transformer.

On the other hand, the Voltage regulator commutator allows the user to

control manually the output voltage. To do this, the commutator controls a motor

installed in the shaft of the transformer.

Additionally, this module has two 24 VVDC input signals used to control

the same as Voltage regulator commutator.

Finally, this module includes two ethernet connectors used for remote

control.

The N-REG16 module consists of:

230 VAC + GND Power supply terminals.

F1, F2, and F3 Fuses: Theses fuses protect the three lines of the

distribution transformer.

24 VDC output: These terminals are used as auxiliary signal for
UP and DOWN commands.

24VDC input: These terminals receive 24 VDC in order to control
UP and DOWN voltage with an external element such as relay that

enables and disables this signal.

Voltage Regulator: This commutator has three positions. Left
position send a command to the motor of the distribution
transformer to reduce the output voltage. If the user releases the
commutator it comes back to the center position and the motor
stops. Right position sends a command to the motor of the

distribution transformer to increase the output voltage.




PRACTICAL EXERCISES MANUAL

Unit ref.: AEL-TI- Date: May 2018 Pg: 31/ 222

6. Power Connector: This connector supplies power to the input and

output terminals of the distribution transformer.

7. Signals connector: This connector sends UP and DOWN signals

to control the motor of the distribution transformer.
8. Ethernet connectors.

9. L1, L2, L3, N power input terminals:. These terminals supply

power to the primary winding of the distribution transformer.

10.L1, L2, L3, N power output terminals: These terminals supply

power to the secondary winding of the distribution transformer.
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7.1.2.8 N-BUSO08. Distribution bus bar module

=
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ﬂ
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Figure 13: N-BUS08 module

This module works as a three phase double bus bar with two
disconnectors and one circuit breaker. This one can work with similar bus bar
modules and it can be connected to transmission lines, power generators, loads,

network analyzers, etc.

El N-BUSO8 consists of the following elements:

1. Three Phase Double Power terminals: These terminals are used to be
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coupled to other bus bars. Thus the user can realice extended

configurations with several ingoing and outgoing feeders.

. Three Phase Power Terminals: These terminals are used to be
connected to power generators, transmission lines, loads, network

analyzers, etc.
. 230 VAC + GND Power supply terminals.

. Open and close push buttons: These push buttons are used to work in
local control mode. Each push button enables and disables the
disconnectors and circuit breakers. Disconnectors are named as 89 and

circuit breakers are named as 52.

. 24 VDC input signal connectors: These connectors allow open and
close the disconnectors and circuit breakers via 24 VDC signal. This
signal can be the own of the module or other signal with the gnd terminal

connected with this module.

. State indicators light: The lights located in the busbars indicate the
presence of voltages in the busbars. On the other hand, the lights located
over the push buttons indicate the presence of 24VDC remote signal to
open and close the circuit breakers and disconnectors. Finally, the lights
located over the coil symbol indicate the actual state of the circuit

breakers and disconnectors.

24VDC and GND output terminal: This terminal is used to open and
close commands of circuit breakers. This terminal can be wired with

auxiliary contacts for logic commutations.

. Auxiliary contacts: These are circuit breakers which are opened and
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closed depending on the state of 89-1, 89-2 and 52 disconnectors and

circuit breaker respectively.

9. Ethernet connections: These connectors allow connect this module with
other modules and be able to control it from a PC and the SCADA
Control System.
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7.1.2.9 N-BUSO09. Coupling Bus Bar Module

N-BUS09
COUPLING

OPEN CLOSE { OPEN CLOSE
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OUTPUT GND |
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e S e =meer o \ 89-1 - J 4
24 VDC INPUT 24 VDC INPUT
89-1 89-2 52 7 ~ - ¢ 5 =N .
. 53 o

ETHERNET

-

Figure 14: N-BUS09 module

This module works as a three phase coupling bus bar with two

disconnectors and one circuit breaker. This one can work with similar bus bar

modules.
El N-BUSO09 consists of the following elements:

1. Three Phase Double Power terminals: These terminals are used for

coupling of two busbars.
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. 230 VAC + GND Power supply terminals.

. Open and close push buttons: These push buttons are used to work in
local control mode. Each push button enables and disables the
disconnectors and circuit breakers. Disconnectors are named as 89 and

circuit breakers are named as 52.

. 24 VDC input signal connectors: These connectors allow open and
close the disconnectors and circuit breakers via 24 VDC signal. This
signal can be the own of the module or other signal with the gnd terminal

connected with this module.

. State indicators light: The lights located in the busbars indicate the
presence of voltages in the busbars. On the other hand, the lights located
over the push buttons indicate the presence of 24VDC remote signal to
open and close the circuit breakers and disconnectors. Finally, the lights
located over the coil symbol indicate the actual state of the circuit

breakers and disconnectors.

24VDC and GND output terminal: This terminal is used to open and
close commands of circuit breakres. This terminal can be wired with

auxiliary contacts for logic commutations.

. Auxiliary contacts: These are circuit breakers which are opened and
closed depending on the state of 89-1, 89-2 and 52 disconnectors and

circuit breaker respectively.

. Ethernet connections:. These connectors allow connect this module
with other modules and be able to control it from a PC and the SCADA
Control System.
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7.1.2.10 N-ERP-MFO0L1. Digital Fault Simulator Module

N-ERP-MFO1 °
DIGITAL FAULT SIMULATOR MODULE

POWER SUPPLY 230 VAC

[

Figure 15: N-ERP-MF01 module

This module is designed to inject faults in any point of the power
system. For this purpose, the module includes a series of connections and a trip
timer. The connections allow set the type of fault to be injected and the timer

allows setting the fault time injected in the power circuit.
The N-ERP-MFO01 consists of the following elements:

1. 230 VAC + GND Power supply terminals.
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. Three-Phase power terminals: These terminals must be wired in

the point where the fault is injected.

. Fuses.

. Fault injection push button: This push button sends a signal to

the timer. The timer enables the circuit breaker.

. Indicator lamp: This lamp indicates when the breaker is enabled.

. Fault resistances: These resistances allow configure the faults

with or without short circuit impedance.

. Fault configuration terminals: These terminals allow

configuring the type of fault. The fault can be three pole, two pole
or single pole short circuit. The configuration of the type of short

circuit is carried out with the provided jumpers.

. Ethernet connections: These connectors allow connect this

module with other modules and be able to control it from a PC
and the SCADA Control System.

Trip time setting: Alow setting the trip time of the fault to inject
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7.1.2.11 N-CAR35T3D. Three-Phase Digital Bank of Commutable

Resistors

N-CAR35T3D
THREE-PHASE DIGITAL BANK OF COMMUTABLE RESISTORS MODULE

Figure 16: N-CAR35T3D module

1. Input terminals: input terminals L1, L2 and L3 with neutral N of

the line to connect with the rest of modules.

2. Output terminals: output terminals L1, L2 and L3 with neutral N

of the line to connect with the rest of modules.

3. Selector switch: it consists of a switch with two positions in order

to connect and disconnect the resistor Banks:

Position OPEN - resistor Bank disconnected.
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Position CLOSED - resistor Bank connected.

4. Resistors Bank: it consist of three Banks of three resistors of
1600 Q each one that can be wired to perform a star or delta

connection.
5. 230 VAC + GND Power supply terminals.

6. Ethernet connections: These connectors allow connect this
module with other modules and be able to control it from a PC
and the SCADA Control System.
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7.1.2.12 N-CAR36T3D. Three-Phase Digital Bank of Commutable

Inductances Module

Figure 17: N-CAR36T3D module

1. Input terminals: input terminals L1, L2 and L3 with neutral N of

the line to connect with the rest of modules.

2. Output terminals: output terminals L1, L2 and L3 with neutral N
of the line to connect with the rest of modules.

3. Selector switch: it consists of a three-pole switch with two

positions in order to connect and disconnect the inductance Bank:

Position OPEN - inductance Bank disconnected.
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Position CLOSED - inductance Bank connected.

4. Resistors Bank: it consist of three Banks of three inductances of
5 H each one. These inductances can be configured in star and
delta.

5. 230 VAC + GND Power supply terminals.

6. Ethernet connections: These connectors allow connect this
module with other modules and be able to control it from a PC
and the SCADA Control System.
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7.1.2.13 N-CAR19T3D. Three-Phase Digital Bank of Commutable

Capacitors Module

N-CAR19T3D
THREE-PHASE DIGITAL BANK OF COMMUTABLE CAPACITORS MODULE

Figure 18: N-CAR19T3D module

1. Input terminals: input terminals L1, L2 and L3 with neutral N of

the line to connect with the rest of modules.

2. Output terminals: output terminals L1, L2 and L3 with neutral N

of the line to connect with the rest of modules.

3. Selector switch: it consists of a three-pole switch with two

positions in order to connect and disconnect the capacitors Bank:
Position OPEN - capacitor Bank disconnected.

Position CLOSED -> capacitor Bank connected.
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4. Capacitors Bank: it consist of three Banks of three capacitors of
2UF each one. These capacitors can be configured in star and
delta.

5. 230 VAC + GND Power supply terminals.

6. Ethernet connections: These connectors allow connect this
module with other modules and be able to control it from a PC
and the SCADA Control System.
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7.1.2.14 TRANS3/5KGR . 5 KW Three-phase Grid Transformer

The TRANS3/5KGR is a 5KW three-phase transformer with start/triangle
connection that provides galvanic protection to our power system. It is essential to

have this type of isolation to avoid damage to the grid in case of undesired faults.

It is a transformer with r = 1/1 transformation ratio.

Figure 19: TRANS3/5KGR

1. Primary winding: 400 VAC star connection by a hose
containing four wires (three phases and the neutral).

2. Secondary winding: 400 VAC delta connection by a hose
containing three wires (three phases, no neutral).
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7.1.2.15 TRANS3/5KSU. 5 KW Three-Phase Step-up Transformer

The TRANS3/5KSU is a 5KW three-phase transformer with star/triangle
connection to simulate the voltage increase from generation value to transportation

values. It is in fact a transformer with r = 1/1 ratio.

Figure 20: TRANS3/5KSU.

1. Pin connector: Terminal with a main hose splitted in two of
them, one for the primary winding with 400 VAC star
connection (four wires for the three phases and the neutral) and
the other one for the secondary winding with 400 VAC delta

connection (three wires for the three phases, no neutral).
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7.1.2.16 TRANS3/5KRM. 5 KW Three-phase Autotransformer with
Motor Voltage Regulator:

The TRANS3/5KRM is a 5KW three-phase transformer with star/triangle
connection to compensate the drop voltage in the transmission line and keep
constant the output voltage to the loads. It is in fact a transformer with r = 1/1

ratio.

Figure 21: TRANS35KRM

1. Main terminal: 400 VAC star/delta connections directly connected

with a power hose to the N-REG16 for power supply.

2. Signal terminal: Connected to the N-REG16 signal connector for the
motor of the distribution transformer to receive signals from the

voltage regulator.
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7.1.2.17 GMG4.5K2PH. 4, 5 kW Generator-Motor Group

Figure 22: GMG4.5K3PH generator-motor group

The motor-generator group enables the student to simulate an electric
power production plant. For safety reasons, the rated power of our generator is
4 5KVA.

The GMG4.5K3PH consists of the following elements:

1. Main motor and frequency controller: this motor is a three-phase
induction motor of squirrel cage used to move the generator and
simulate any type of turbine. It has a rated power of 5 KVA to 3000
rpm. The induction motor is driven by the frequency controller. The
frequency controller controls the speed of the main motor. It is
supplied from Power Generation Substation Module and receives

control signals from Control and Protection of Tubine-Generator
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Group Module.

. Three-phase generator: it is a synchronous three-phase generator

with independent excitation and brushes. It is used to generate
electric power. It has a rated power of 4.5KVA to 3000 rpm and rated

excitation current of | =4 A.
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7.1.3 Description of the process

The AEL-TI- has been designed to demonstrate how a smart grid works.
The motor simulate a turbine which is coupled to the shaft of the alternator. This
motor-generator group supply power to the smart grid and can work in isolated
operation or in synchronism with the grid. In the operation in parallel with the grid
the user will learn the premises to carry out the synchronization with the electrical
grid while in isolated operation the user will learn about power transmission,

distribution and consumption by isolated loads.

The application provides several generation protections to work safely
and see exceptionally how the protections operate. The motor is protected by the
frequency controller in order to not exceed the nominal current. The motor-
generator group controller, the Easygen, has two back-up protection relays:
overcurrent and reverse power relay. Besides, it has several protection to
generator, motor and network such as: maximum/minimum voltage (59/27),
maximum/minimum frequency (810/U), voltage asymmetry, detection of dead
busbars, overvoltage (32), load unbalance (46), negative sequence power/reduced
power (32R/F), overcurrent by defined curve (50/51), overspeed/subspeed (12),
inverse time overcurrent (IEC255), measured ground fault (50N/51N), phase

rotation, switches fault and vector jump.

The power generation substation where the generator is connected
allows carrying out several manoeuvres such as the control of the motor-generator
group through speed and excitation and the synchronization between the generator

and the national grid.

Additionally, this application includes a module with analog meters in

order to analyse the behaviour of the generator. These analog meters are active
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power meter, reactive power meter, voltmeter and DC meter. These are very useful

because they can detect current and voltage oscillations in the power substation.

When working in isolation mode the electric power generated by the
substation is transmitted with the transmission line module up to the loads
modules. The transmission line parameters can be set in order to simulate different
conditions such as length or capacitive effect variations. Similarly, resistive,
inductive and capacitive loads can be commutated to increase or decrease the
energy consumption. Additionally, several network analysers are included to be
connected upstream and downstream of the transmission line or in the output of
the power generator. It allows measuring the electrical parameters in the
generation and the energy losses in the transmission lines. The user can change the
concentrated parameters of the line with variable inductances, capacitances and

resistances and see the effects of these changes.

The consumption loads are divided into resistive, inductive and
capacitive loads which are configurable in order to the user can carry out delta or

star connection.

Before loads, this application includes a series of bus bars with double
bus bar topology. These bus bars provide to the user the experience and the
understanding of switching power substations. With these modules it is possible
realise practices of opening and closing of circuit breakers and disconnectors,

energy distribution, maintenance operations with coupling bus bar, etc.

The AEL-TI- application can work in local or remote mode. This means
that in local mode the user can control the modules physically from the panels. In
addition, in local mode, the user can chose automatic or manual frequency and

voltage control. If automatic control is selected the Automatic Voltage and
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Frequency Controller controls the motor-generator group. In the other hand, if
manual control is selected, the user can control the current excitation and speed

with the potentiometers located in the right side of the power substation module.

Remote mode uses SCADA technology to control all variables from the
PC. This mode disables all switches of the module with the exception of

emergency stop mushroom.

The following picture shows a representative diagram of the smart grid:

generation, transmission and consumption:
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Figure 23: AEL-TI- electrical diagram
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7.1.3.1 Cable assembly of the AEL-TI- modules

7.1.3.1.1Power supply wiring

Three-phase
Power supply

N-EALD
Z 4D

SBSATEC
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Figure 24: Power supply wiring
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7.1.3.1.2Generator measuring instruments wiring

The instrumentation module (N-PPIM2) can be wired as it is shown in

the picture below to measure the electrical parameters of the generator.
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Figure 25: Instrumentation module 2 wiring
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7.1.3.1.3 Stand-alone configuration wiring

Figure 26: Example of stand-alone configuration wiring
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7.1.3.1.4 Synchronization of the generator with the grid wiring.

Figure 27: Example of synchronization of the generator with the grid
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7.1.3.1.5 Stand-alone configuration with transmission line and loads wiring

Figure 28: Example of stand-alone configuration along with transmission line and loads wiring
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7.1.3.1.6Synchronization with the grid along with transmission line and
distributed loads
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29: Example of synchronization with the grid along with transmission line and distributed loads
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7.1.4 Practical possibilities
The following are some practical exercises possibilities:

1.- Stand-alone manual control of voltage and frequency of the

generator.

2.- Stand-alone automatic control of voltage and frequency of the

generator.

3.- Synchronization operations with the synchronous generator and
the grid.

4.- Stand-alone operation with transmission line and loads.

5.- Automatic synchronization with the grid along with transmission

line and distributed loads.
6.- Digital faults simulation in stand-alone operation.
Practical exercises possibilities with SCADA:

1.- Stand-alone manual control of voltage and frequency of the

generator with the SCADA system.

2.- Stand-alone automatic control of voltage and frequency of the

generator with the SCADA system.

3.- Automatic synchronization operations with the synchronous
generator and the grid with SCADA system.

4.- Stand-alone operation with transmission line and loads with
SCADA system.
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5.- Automatic synchronization with the grid along with transmission

line and distributed loads with SCADA system.

6.- Digital faults simulation in stand-alone operation with SCADA
system.
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7.1.5 Specifications

7.1.5.1 N-ALIO01: Industrial Power Supply
Supply voltage: 400 VAC, 3PH+N+G.
ON-OFF removable key.
Output voltage connections:
Three-Phase + Neutral: 400 VAC.
Single-Phase: 230 VAC.
Three-Phase supply hose with 1P44 3PN+E 32A 400V connecting plug.

Differential magnetothermal: 4 poles, 25A, 300mA AC 6KA

7.1.5.2 N-PPIM2: Instrumentation Module 2
Three-Phase wattmeter:

Measured range: 0 - 5 kW
Three-Phase varmeter:

Measured range: 0 - 5 kVar
Voltmeter:

Measured range: 0 - 500 VAC
Frequency meter:

Measured range: 45 - 55 Hz
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DC meter:

Measured range: 0 -5 A

7.1.5.3 N-PPCML1: Control and Protection of Turbine-Generator Group
Module 1

Automatic speed and voltage controller (easygen):

Enables to connect up to 16 electric generators in parallel-island with
distribution of active and reactive load and start/stop in function of the

load demand.
Enables to connect a generator in parallel with the grid.

Enables different switches control modes, such as opening, closing and

synchronization.
Analogical outputs to control voltage and frequency regulators.
Three-phase measurement of the grid and the generator voltage.
Three-phase measurement of the generator intensity and power.
Single-phase measurement of the grid intensity.

Protection system:
Generator:

Maximum/minimum voltage (59/27), maximum/minimum frequency
(810/U), voltage asymmetry, detection of dead busbars, overvoltage
(32), load unbalance (46), negative sequence power/reduced power
(32R/F), overcurrent by defined curve (50/51), inverse time
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overcurrent (IEC255), measured ground fault (50N/51N), phase

rotation, switches faults.
Network:

Maximum/minimum voltage (59/27), maximum/minimum frequency

(810/U), vector jump, phase rotation.

Six alarms:

Alarm 1: Reverse power

Alarm 2: Overcurrent

Alarm 3: Over/undervoltage

Alarm 4: Inverse Time Overcurrent

Alarm 5: Over/under frequency

Alarm 6: Shutdown Alarms
Four operation signals:

Ready for operation

Start request

Synchronization conditions

Permission for synchronization
Back-up protections:

Current relay.
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Reverse Power relay.

Ethernet connection: RJ45 communication port. This communication port is
only for technical support from Edibon.

7.1.5.4 N-PSUB: Power Generation Substation Module 3
Supply voltage: 400 VAC, 3PH+N.
ON / OFF switch.
Power and signal connections:

Auxiliary connection.

Three-phase turbine supply hose with P44 3PN+E 32A 400V connecting
plug.

Three-phase generator supply hose with 1P44 3PN+E 32A 400V connecting
plug.

Three switches to choose between the different modes:
Local and remote control mode.
Manual and automatic speed control.
Manual and automatic excitation control
Three control switches to:
Start and stop the turbine.

Give permission to synchronize the generator with the grid.
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Give permission to synchronize the generator with the national grid.
Two potentiometers to regulate:
Turbine speed.
Generator excitation.
Emergency stop button.
Two circuit breakers.
Different terminals points to measure.

Ethernet connection: two RJ45 communication port for SCADA remote

control.

7.1.5.5 N-AE1CD: Transmission Lines Simulation Digital Module
Power supply voltage: 230 VAC +GND
Line Voltages: 400 VAC + N
Three-phase line with variable parameters.
Concentrated parameters line.

Two capacitances Banks between line and ground composed by three

capacitances of 2 pF.
Resistance of the line that can be wired independently:
One resistor of 15 Q.

One resistor of 33 Q.
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Inductance of the line with several values: 32 mH, 72 mH.
Neutral resistor of 15 Q.

Fuse: 1 A

7.1.5.6 N-EALD: Network Analyser Unit with Computer Data

Acquisition
ON-OFF switch.
Power supply voltage: 230 VAC +GND
Input terminals: Input connection with the measurement point.
Output terminals: Output connection with the measurement point.

Digital outputs: Three digital outputs are used for pulses or alarms, or for

combining both.

RS-485 Communication port.

Fuses: 3x10 A

Network Analyser Display. It shows:
Active, reactive and apparent power
Active, reactive and apparent energies
Lines and phase currents
Line and phase voltages

Frequencies
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Power Factor

7.1.5.7 N-REG16: Voltage Regulation Module 1
230 VAC+GND Power Supply terminals.
24 VVDC output terminal
24 VDC input terminal (up voltage).

24 VVDC input terminal (down voltage).
Slide commutator with three positions.
Power connector.

Signal connector.

Fuses: 3x 10 A

Input power terminals:

Power input connections: L1, L2, L3, N.
Output power terminals:

Power output connections: L1, L2, L3, N.

Ground Terminal.

7.1.5.8 N-CAR35T3D: Three-Phase Digital Bank of Commutable

Resistors

Configurable Star and Delta connections.
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Three banks with three-phase resistors of 1600 Q each one.
Nominal voltage: 400 VAC.

Nominal power: 3 x (3 x 300) W.

7.1.5.9 N-CAR36T3D: Three-Phase Digital Bank of Commutable

Inductances Module
Configurable Star and Delta connection.
Three Banks with three-phase inductances of 5 H each one.
Nominal voltage: 400 VAC.

Nominal power: 3 x (3x300) VAr.

7.15.10 N-CAR19T3D: Three-Phase Digital Bank of Commutable

Inductances Module
Configurable Star and Delta connection.
Three Banks with three-phase capacitors of 2 yuF each one.
Nominal voltage: 400 VAC.

Nominal power: 3 x (3 x 300) VAr.

7.15.11 TRANS3/5KSU 5 KW Step-up transformer

5KVA step-up transformer.
Rated power: 5KVA.

Voltage in primary winding: 400VAC star.
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Voltage in secondary winding: 400VAC delta.

7.15.12 TRANS3/5KGR 5 KW Grid Transformer

5 KVA grid transformer.

Rated power: 5KVA.

Voltage in primary winding: 400VAC star.
Voltage in secondary winding: 400VAC delta.

7.1.5.13 TRANS3/5KRM.Three-Phase Autotransformer with Motor
Voltage Regulator.

5 KVA distribution autotransformer.

Rated power: 5 KVA

Voltage in primary winding: 400VAC star.

Voltage in secondary winding: 400VAC delta.

Signal connection to receive step up and down signals from the voltage

regulator module.

7.1.5.14 GMG4.5K2PH. 4,5 kW Generator-Motor Group
Nominal power: 4,5 kVA.
Power factor: 0,8
Nominal output voltage: 3x 400 VAC.

Frequency: 50/60 Hz.
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Speed: 3000 rpm.
Nominal output current: 8 A.

Nominal excitation current: 4 A

7.1.6 Dimensions and weight
- 4000 x 840 x 2010 mm. approx.

- 180 Kg. approx.

7.1.7 Required services

Electrical supply: single phase, 380 /50 Hz. or 220 V/60 Hz, 6 kW.
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7.2 THEORY

7.2.1 Smart Grids

Over the last two decades, the electric system has grown due to the
emergence of new factors which are decentralizing the energy generation. Before
this decentralization, the electrical grid was a unidirectional energy flux from the

generation plants to the consumers.

Although the transmission and distribution power lines have always been in
continuous development, currently there are new challenges to address such as
improving the energy efficiency, incorporating the renewables energies, and

reducing the polluting emissions or developing energy storage technologies.

The way to carry out all these advances is an electrical grid where the
electricity is bidirectional and the homes or the enterprises can be consumers or

become in small generation groups. This advanced grid is called Smart Grid.

The development of a Smart Grid requires a combination of the electric,
information and telecommunication systems. These systems must facilitate,
securely and efficiently, the integration between all properties of the Smart Grid:
remote management, active management of the demand, distributed generation,

grid automated management and development of electrical mobility.

The Smart Grid concept can be defined by 4 fundamental pillars: Smart
Network (SN), Smart Operation (SO), Smart Metering (SM) and Smart Generation
(SG). These technologies have been used for years, however, the recently
improvement of the telecommunication and information technologies have caused

the massive implementation in the electrical grid.
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The Smart Network refers to the automation of the electrical grid,
establishing a distributed intelligent between the different control and protection

units and the control centers which operate in the grid.

The Smart Operation is defined as the efficient management of the grid
thanks to the Smart Network, which provides a greater knowledge about the

consumption in each point of the system.

The Smart Metering is used to collect information about the consumption in
real time of all points of the grid. In this way, the grid operator can offer an
optimum response to the instantaneous consumption in order to improve the
system efficiency. An important component is the Smart Meter, defined as a
digital meter that collects the information about the energy usage and sends it to
the control and operation centers. Due to the Smart Meter reading, the consumer
can know how much energy is consuming in real time and can decide between
disconnecting from the grid (if he knows the electricity price in that moment) or

the energy self-consumption.

The Smart Generation collects the Distributed Energy Resources (DER) in
order to improve the generation response to the demand. The integration of
renewables energies is the solution for the problems of power supply in adverse

place.

7.2.2 Synchronous machines

7.2.2.1 Introduction to synchronous machines

A synchronous machine transforms mechanical energy into electric energy,

or vice versa. These machines will rotate at constant speed depending on the
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frequency of the electric system.

Where n is the number of revolutions per second, f the frequency of the

currents in the stator and p the number of pole pairs.

7.2.2.2 Introduction to synchronous alternator

The alternator is an electrical generator that transforms mechanical energy
into electrical energy. These electrical machines consist of a stator, a rotor and an

excitation system.

Normally, the alternator has a DC generator to produce electricity and excite
the rotor of the machine. The excitation is the current applied to the rotor in order
to establish a magnet fixed polarity. The rotation of the rotor causes that the
magnetic field is applied successively to the stator windings. Thus, the magnetic
flux in stator windings changes: positive, zero, negative, zero and so on. The flux
variation produces an induced voltage in stator windings and this voltage is the

evacuated to the AC three-phase grid.
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3 Phase supply

Rotor

o i

Stator

N

Supply

Synchronous Motor

Figure 30: Synchronous motor diagram

7.2.2.3 Conditions required for the synchronization

Some aspects must be taken into account for a correct operation when we
connect generators in parallel and prevent any type of problem, such as damaging

the generators or losing power. Those aspects are explained next:

1. Equal voltages: if the voltages of the generators are not exactly the
same, there will be a great flow of current when the synchronization
switch is closed. To avoid this problem, each phase must have
exactly the same voltage and phase angle magnitude than the

conductor to which it were connected.

In other words, the phase voltage a must be exactly the same as the

voltage in the phase a” and so on for the phases b-b™ and c-c’, being
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a, b and c the phases of the generator and a’, b™ and ¢ the phases of
the grid.

The line voltages RMS must also be the same.
2. Equal frequencies.

The frequency of the two or more generators must also be the same;
otherwise, it could cause serious problems. This can be visualized in the following

graphs:

The first graph has 60 Hz and a phase voltage of 120v.

Voltaje do fane (V)

001 002 083 O 0065 006 007 o008 608 O
Tiempo (5)

Figure 31: Example of signal with 60Hz and 120V

The following graph has 58 Hz, only 2 Hz lower than the previous one, and
the same phase voltage.

e wol A Y 4N
Wi ’
s of \ |
é
$ Wt/ oot
0 0 om 08 o0 005 008 oW 08 0l 91
Thempo (S)

Figure 32: Example of signal with 58Hz

The following graph shows the result of what would happen if the generator
Is operated at different frequencies (60Hz and 58 Hz).
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Figure 33: Example of signals combination

As it can be seen in the graph that results from the sum of the waves at
different frequencies and same voltage, a totally distorted voltage is obtained at the
output with a frequency equal to the difference between the values of the

frequencies of the two first waves, which would cause great problems in the load.

3. Phase sequence: both generators, in our case, the grid and the motor-

generator group, must have the same phase sequence.

Vs Ve

/‘8
) =
£
=

VC VB

Phases sequence acb Phases sequence abc

Figure 13: Phase sequences

The phase angles of the two phases must be equal, the sequence at which the
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phase voltage reaches its peak in the grid in the generator will be the same. If the

phase sequence is different, then a couple of voltages will be in phase, the other

two pairs of voltages will be outphased by 120°. If generators are connected in this

way, there will be no problem with the phase a, but great currents will flow in the

phases b and

¢, damaging both machines.

7.2.2.3.1Procedure to put the generator in parallel with the grid

Some steps and precautions must be followed to put the generator in parallel

with the grid

1.

and obtain an optimal operation with these synchronous machines.

Start the generator to be connected: at this point, start the generator
and set it to its synchronous speed (equaling this way fgen = fred)
and equaling the value of their voltages. Other condition is the phase
sequence of the generator, which must be compared to the phase
sequence of the electrical system. Some methods are indicated below
to make sure that these conditions and previous conditions are
fulfilled.

Phase sequence: other condition is the phase sequence of the
generator, which must be compared to the phase sequence of the
power system. Some methods are indicated below to make sure that

these conditions and previous conditions are fulfilled.

There are many ways to check this. One of them is to connect a small
induction motor alternatively to the terminals of the generator and
then to the terminals of the grid. If the motor rotates in the same
direction both times, then the phase sequence is the same in both
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generators.

If the motor rotates in opposite directions, then the phase sequences
are different and two of the conductors of the generator must be
reversed. A simpler way of measuring the sequence is by using a

sequence meter.

3. Synchronization of the generator with the grid.
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7.2.3 Power Transmission and Distribution Lines

The transmission system is the group of lines, substations and units used to

transport electricity from generation points to consumption centers.

Electrical energy must be transformed to reduce losses by Joule effect before

being transported to the consumption centers. It is done by increasing the

generation center output voltage using a step-up transformer. After the energy is

transformed it passes to the transmission lines.

The transmission lines consist of the conducting element, usually copper,

aluminum or steel cables, and the support elements.

The characteristic parameters of the transmission lines are:

Resistance per unit of length, “R”, which depends on the resistivity of
the conductors and the frequency. For high frequencies, the resistance

increases due to the skin effect.

Inductance in series per unit of length, “H”, which is caused by the fact
that every conductor through which an alternating current flows has an

associated inductance.

Capacity 1n parallel per unit of length, “C”, since the line is formed by
two or more conductors separated by a dielectric, thus forming a
condenser whose capacity depends on the area of the conductors, the

separation and the dielectric constant of the material that separate them.

Conductance in parallel per unit of length, “G”. It is a consequence of

the fact that the dielectric has finite resistivity, so that part of the
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current is lost in the conductors.

There are several types of energy distribution depending on the electrical
diagram formed by the transmission lines:

- Radial: it is characterized by the supply through one end, transmitting the
energy radially. Selective protection may be equipped in this type of
distribution, but they do not guarantee service in the event of a fault.

- Open loop network: any consumption point may be supplied from two
possible electrical paths. Selective protection may be equipped in this type
of distribution. Besides, any fault may be isolated without interrupting the
service thanks to the alternating path.

- Closed loop or ring network: two of its ends are supplied, being these points
inserted in the ring. Its advantages are a safe service and an easy

maintenance. However, this type of network is more complicated.

Step up and step down transformers

In real electrical systems energy is generated at a relatively low
voltage which is increased in the transformation substations through step-up
transformers for efficiency reasons and transferred to the transmission line. Before
being transmitted to the distribution lines, whose voltage is coupled to that of the
consumption centers, the voltage is decreased in transformation substations

through step down transformers

Regulating transformers

In distribution substations there are regulating or distribution transformers to

control the voltage of the load. The function of this type of transformer is to keep
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the output voltage delivered to the consumption points constant in the event of
load fluctuations. It also regulates the reactive power. Therefore, these
transformers have a series of outlets in the windings that enable light adjustments

up to 7.5% above or below the rated voltage of the transformer.

There are transformers whose outlets cannot be changed when the
transformer is supplying energy. It is a problem when the voltage wants to be
maintained in the event of load fluctuations. However, there are other transformers

whose outlets can be changed while it is supplying power.

Protections in the transmission/distribution system

Protection relays and their associated equipment are compact units that
consist of analogical components, discreet solid state components, operational
amplifiers and digital micro-controllers connected to the power system to perceive

problems.

These relays are used in all parts of the power system to detect faults. An
essential objective of all power systems is to keep the continuity of the service and

to minimize the scope and cutoff time in the event of a fault.

Obijective of the protection system:

The main objective of a protection system is to isolate quickly from the rest
of power system the area where the problem has arisen, so that the fault does not
affect the rest of the system. There are five basic aspects that characterize a
protection relay:

1. Reliability: it assures that the protection will work correctly.

2. Selectivity: capacity to maximize the continuity of the service by
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disconnecting the minimum number of systems.

3. Speed: capacity to limit the duration of the faults.

4. Sensitivity: capacity of the system to detect small variations in the
surroundings of the equilibrium point.

5. Economy: maximum protection at a minimum cost.

The following protection systems may be found in transmission systems:

Overcurrent relays

Overcurrent relays are the cheapest and simplest way to protect a
transmission line. These protection relays need to be adjusted again when the
conditions of the power system change. These relays operate in an instantaneous,

temporized and directional way (instantaneous/temporized).

These relays do not differentiate between the load current and the fault
current, for that reason they are only used when the fault current is higher than the

load current.

These relays are normally used in radial lines. Instantaneous time to solve
the fault is not required since the faults in these circuits do not affect the stability

of the system.

Directional overcurrent relays are used in the transmission lines with supply
through both ends.

Reverse Power Relays

Reverse power relays protect and control the generators against those
electrical faults which lead to their motorization (for example when the generating
frequency is lower than the transmission and distribution one), which would mean

the opposite energy flux direction, preventing them from working as a motor and

Unit ref.: AEL-TI- Date: May 2018 Pg: 86/ 222




: PRACTICAL EXERCISES MANUAL
Eﬁd | b o

therefore from consuming power from the grid or the busbars. The motorization of

a generator can lead to serious mechanical and electrical damages.

Distance relays

In high voltage lines, current levels are very high when a fault is generated.
If the fault is not solved quickly, instability in the power system may appear. The
advantages of the distance relay are that they have a wide instantaneous operation
area and great sensitivity, they are easy to adjust and coordinate and they are not

affected by changes in the configuration of the power system.

A distance relay calculates the impedance as the quotient between the
voltage and the current in its location in the power system to determine whether

there is a fault inside or outside its operation area.

Due to the fact that in transmission lines the impedance of the line is
proportional to its length, it is advisable to use this type of relay to measure the

impedance from the location of the relay to a specific point.

In general there are four ways of operation characteristics: impedance,

admittance, reactance and polygonal characteristic.

Operations with busbars

Operation substations are usually seen in the distribution system. They
enable to connect several circuits (or lines) to direct or distribute the power flow to

the different areas of the system.

The operation substations consist of several circuits, such as:
- Switches that allow to control the flow of energy or to isolate lines for

maintenance or works and elements with faults. These devices may operate
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while the substation is in service.

- Disconnectors to isolate elements for maintenance. These devices must
operate without load, for that reason they are usually arranged in series with
switches. The disconnectors provide a “visible” disconnection of the line,
indispensable to be able to work safely in it.

- Measurement transformers, used for voltage and current measurements.

The substation will have the characteristics mentioned below depending on

the arrangement of its equipment:

- Flexibility: capacity to adjust to the different conditions that may arise, such
as maintenance and operating changes among others.

- Reliability: capacity to supply energy for a given period of time, even if at
least one component of the substation cannot be repaired during the operation.

- Safety: capacity to provide service continuity without cuts during faults in

the power equipment, especially switches and busbars.

Several arrangements may be found depending on the position of the

equipment that forms the substation, such as switches or disconnectors:

- Simple busbar: it is not reliable, safe nor flexible. Therefore, the service

must be interrupted when a revision of the collecting bar wants to be done.
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BUSBAR 1 |

Figure 34
- Main busbar and transfer busbar: they enable the switching using the
transfer switch between two parallel bars, keeping the service during the

maintenance.

BUSBAR 1

BUSBAR 3

TRANSFER \
DISCONNECTOR

TRANSFER
SWITCH

Figure 35
- Double busbar: they enable to separate circuits in each busbar. It offers the

possibility to perform maintenance works without interrupting the service. It

provides flexibility and reliability.

BUSBAR 1

BUSBAR 2

I COUPLING SWITCH

l

Figure 36.

- Double busbar plus “ByPass” disconnector: they can work either as a double
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busbar or as a main busbar plus transfer but not at the same time. Therefore, they

offer flexibility and reliability, but not at the same time.

BUSBAR 1

BUSBAR 2

COUPLING AND
BY.PASS o et
DISCONNECTOR

Figure 37

- Double busbar plus transfer disconnector: it is a variation of the double

busbar plus transfer disconnector arrangement but with one disconnector less.

- Double busbar plus transfer busbar: it is a combination of the main busbar
and transfer arrangement and the double busbar arrangement. It offers reliability

and flexibility at the same time.

BUSBAR 1

BUSBAR 2 1

': , |

COUPLING TRANSFER

SWITCH SWITCH
TRANSFER

BUSBAR 3 l DISCONNECTOR

Figure 39

- Ring: this configuration is divided in several parts, each line circuit or
transformer has busbar disconnectors at each side, enabling this circuit to be

supplied by any of the adjacent busbar disconnectors. When a fault is introduced in
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the busbar the substation will be out of service, but once the error is identified, it

can be isolated and the service restored.

Figure 40

- One and a half switch: it allows to perform maintenance works without
cutting the service. A fault will neither cut the service to any circuit. It is safe and
reliable but not flexible because it operates with both busbars energized and all the

switches closed.

ENFD BN BN

rF

BN DR N P Ao

BUSBAR 1 BUSBAR 2

Figure 41

- Double busbar with double switch: the busbars and switches of each circuit
are doubled in this arrangement. It is safer in the event of a fault or during

maintenance works. It is the most expensive of all arrangements.
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Figure 42
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7.2.4 Reactive energy compensation

Reactive energy in power transmission and distribution systems means
losses and inefficiency. Furthermore the national grid always demands to
generation centers the achievement of a minimum compulsory power factor
otherwise penalizations are imposed on them. Thus reactive energy compensation
Is essential in power systems and can be done in several ways; in this application
the user will use mainly different type of loads for this purpose. Let’s imagine a
three-phase resultant inductive circuit that demands a certain reactive energy so
our goal is to increase and correct the power factor to the one we desire which
means lowering the phase angle by means of the introduction of a capacitive load

that counteracts the action of the inductive one.

Figure 43. Power factor and reactive energy compensation

As said the objective of the reactive compensation is to reach the desired

cosine of phi (power factor). It is known that:
1. The purely inductive reactive power is:
QL = P-tan(®,)
2. The desired reactive power is:
QL’ = P-tan(®,)

3. Therefore, the capacitive reactive power that must be introduced to reach the
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grid).

desired Q will be:
Qc =QL - Q. = P-tan(®y) - P-tan(®,) = P-(tan(®,) - tan(®,))

The reactive power that must be provided by each capacitor in a three-phase

system with star connected capacitors is:
Qc1 = Qc/3 = Xe+(Iphase )* = X+ (Vphase /%)’ = Vphase 1 Xc
The capacity of the capacitor can be obtained this way:
C =Qc/(3-wV¢?)

Being Vphase = VA3 and ® = 2. f, being f = 50 Hz (frequency of the

As a function of these results it has to be analised the way and number of

capacitors that must be connected.
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7.3 OPERATION

7.3.1 N-PPCM1. Control and Protection of Turbine-Generator Group

Module 1

The N- PPCM1 has the automatic speed and voltage controller of the

turbine-generator group which allows regulating the speed of the turbine and the

excitation of the generator. This controller is the main protection and management

device of the generation system. For this reason, it is very important to know how

it works.

7.3.1.1 Navigation guide of automatic speed and voltage controller

Generator output
voltage

Generator
Frequency

Generator
Active Power

Generator
Lines Current

52G Circuit
Breaker State

52NET Circuit
Breaker State

Figure 44

Alarms list

Synchronoscope
and measurements
values main menu

Confirmation button

: Main window of automatic and voltage controller
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Figurs 2-1: Fromt panal and display

Figure 2-1 illusirates the front panel/display of the easY zen-2000 Series with push buttons, LEDs and Liguid
Crystal display (LC display). A short description of the front panel is given below.

NOTE
A

e
Fetehori

B0
206
2
@

@

@ ®

This push bufton is always active and will stop the engine when pressed, except the op-
erating modes are selected externally. In this case, the AUTO and MAN Mode push but-
tons are also disabled.

Fonction blacks

Pg: 96 / 222

Buttons that have the same function within one screen are grouped into function blocks. The
function blocks are defined as:

Display......... Change the method of voltaze and power caloulations displayed (page 25).
Mode..... ... Change the mode of operation (page 28).

Operation ... Used to perform mamal operation of the genset and the breakers (page 29).
Navigation.. Mavigation between system and confizuration screens, and alamm list (page 29.

Fush butions

The push buttons on the font panel are assigoed to sofikeys on the display. Each softkey is as-
sigmed o a function depending on the mode of operation

Liguid Crystal Display (LC display)

The display contains softkey characters, measuring values, modes of operation, and alarms. The
functicnality of the display screens as well as the description of the functions is detailed in the
"Mavigation" section (page &)

LED

The left LED @ indicates that the wnit is in STOP mode. The right LED {3 indicates that alarm
messages are active / present in the control umit.
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Screen "Alarm hist" [all application modes]

This screen appears after pressing the "Alarm” softkey in the starn-
ing screen. All alarm messages. which have not been acknowledged
and cleared, are displayed. Each alarm is displayed with the zlarm
message and the date and time of the alarm occwrrad in the format
yy-mon-dd hh:nm:ss ss. Please note, that self-acknowledging
alarm messages get a new timestamp when initializing the unit
(switching on). The 1 symbol indicates that this alamm condition 13
stll present A maximum of 16 alamm messages can be displayed. If
16 alarm messages are already displayed and further alarm messag-
es occur, these will not be displayed before displayed alarm mes-
sages are acknowledgzed and thus deleted from the list

Retumn to the starting screen.

Scroll up to next alarm message.
Scroll down to next alann message.

oo

The selacted alarm message (displayed wverted) will be ac-
knowledged. This is only possible, if the alarm condition is
1o longer present. If the Alarm LED is still flashing (an
alarm is present. which has not yet been acknowledgzed as
"Seen'), this softkey resets the hom and acknowledges the
alarm as "Seen'.

Screen "Main Menn"” [all application modes)

This screen appears after pressing the u softkey two times.

m Retum to the starting screen.
setepoints _ n

Scroll up to next menu item.
Scroll down to next menu item.
Enter menu item.

— .
Swrchroscors
—’

(] )

Measured values

Display the measured values screen.
Setpoints

Display the setpoints screen
Synchroscope

Display the synchroscope screen.
Sequencing

Display the sequencing screen.
Counters and service

Display the counters and service screen
Diagnostic

Display the diagonstic screen.
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[all application modes]

Screen "Seguencing"

This screen appears after pressing the "Synchroscope” softkey in
the "Mam mepu" screen. The square symbol indicates the actual
phase angle between mains and generator. A complete left position
of the square symbol means -180° and complete nght position
means +180°. The frequency and voltage differences are indicated

on the top of the display.

Retum to "Main mepu” screen.

Change into AUTOMATIC operating mode.
Change into MANUAL operating mode.
Change into STOP operating mode.

Operating mode MANUAL: Raise voltage/frequency.
Operating mode MANUAL: Lower voltage/frequency.

Operating mode MANUAL: start/stop engine.

Operating mode MANUAL: open GCB/MCB.

NG - @ =

&

Operating mode MANUAL: close GCB/MCB.

[all application modes]

34 3 B3 0N ES 06 B u'
268&A b 13 RU!’
68k o 34.1%
S4ds

™

nominal
F ressrve

()
2

actual

o

Load in %
=

e

This screen appears after pressing the "Sequencing” softkey in the
"Main mem" screen. The sequencing screen shows all gensets par-
ticipating in load shanng and load dependent start'stop. The opera-
tion mode of each genset as well as the swate of its GCB is shown
on this screen. The symbol [ above the generator number indicates
AUTOMATIC operating mode, I indicates MANUAL and [ in-
dicates STOP. The field below shows whether the respecave GCB
is closed (I55)) or open

(ELS). The bottom feld displays the acmal load dependent
start/stop values. If this device is not participatng in load depen-
dent start/stop, "LD start stop Off" is displayed here.

Peturn to "Main menu” screen.

(S8 ]

Scroll down to genset 09 through 16 display.
Scroll up to genset 1 through 08 display.
Display the second screen on the left hand side.

@
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Screen "Measored valoes™

[all application modes)

-w

A -
Analos inepubs -
outruts e

This screen appears afier pressing the "MMezsured values” sofikey in

the "M{ain memm" screen.

Screen "Generator”

(£ [ 4= 4[4

Fisturn to the "Main menn™ scrsen.

Scroll up fo next menn item.

Scroll down to next menn item

Enfer mem item.

Cenerator

Diisplay the generator indication screen.

Engine (J1939)

Diisplay the Engine (T193%) interface screen.

Aains

Display the mains indication screen.

Analog inputs'oatpuats

Diisplay the analog inputs and outpuits indication scresn.
Diiscrete inputs/ontputs

Display the discrete inputs and eufputs ndication screen.

[all application modes)

_ Fenerat.or |
1 -"E?E!U A998
530 i
1;l %':_I.":III:: E?Eh |
020 @b, Jlvar
i1 ElL) ]
49, 99Hz
General o |
1 dﬁ:'"‘H | |.r:-_F
i 1HEH B 1Z28B8
- EI'-l -+ 1:7A
] A Tl 25, Blvar H
T
1 |J23kh =, kv

e 20 &)

This screen appears afier pressing the "Genarator” softkey in the
"Aieamred valwes" screen. All measured generafor values are dis-
Played in this scTeen.

Eesnmn to "Measurad valnes" screen.

Scroll down display scresn to additional generator values.
Scroll up display screen to main gensrator valwes.

Piazet the maximmm value display.

V... Voltage

A Current
EW ... BEeal poaer
Evar .Feactive power
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[all application modes]

v 2HUTM ason O

2 ﬁilu

R 7 .Y

2 :}gb_’“ &1&.8 el u

3 24 3, Bhus

M 4BeyU :’.e«‘f
58, G0Hz

9o 1278

P58k 29, Bkuar

Screen "Analog inputs/outputs”

This screen appears after pressing the "Mains" softkey in the
"Measured values” screen. All measured generator values are dis-
played in this screen.

Renun to "Measurad values" screen.

W3

Scroll down display screen to additional mains values.
Scroll up display screen to main mains values.

§§  Resetthe maxinmm value display.
V......Voltage
Ai Current

kvar. Reactive power

[all application modes]

"Analog inputs” screen:

Aralos input D+

2.7V
Batterv voltase

L S— L L

"Analoz outputs” screen:

Analoa output 1
a57.62%
Analos output 2

o
[l

These screens appear after pressing the "Anzlog inputs/ourputs”
sofikey in the "Measured values” screen The analog mputs and
ourpuss are displayed. The analog outputs are displayed as a percen-
tage of the selected hardware range, ie. 50 %0 of 3 0 to 20 mA out-
put refer to 10 mA.

Return to "Measured Values" screen.

n Scroll up display screen.
n Scroll down display screen.
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Screen "Language / clock configuration”

[all application modes]

Screen "Display configuration”

This screen appears after pressing the "Language / clock configura-
tion" softkey in the "Parameter” screen.

Return to the "Parameter” screen.

Scroll up one parameter.

Scroll down one parameter.

Select the parameter to be confi with this softkey.
Change the parameter using the i softkey. Confirm the
change with the UJ softkey or exit parameter configuration
without any changes using the Ul softkey.

(][]

[all application modes]

Screen "Enter password”

This screen appears after pressing the "Display configuration” soft-
key in the "Parameter” screen. The contrast and brightness of the
display may be configured here.

Return to the "Parameter” screen.

Increase contrastbrightness.
= Decrease contrast’brightness.
a Lamp test

P Pressing and holding the STOP button for at least

b 10 seconds restores the default settings for contrast and
brightmess in case the settings have been adjusted in a way
that the display can't be read anymore.

[all application modes]

This screen appears after pressing the "Enter password" softkey in
the "Parameter” screen. Only the password may be entered using
this screen The code levels are only displayed depending on the en-
tered password.

Return to the "Parameter” screen.

Scroll up one parameter.

Scroll down one parameter.

Select the parameter to be configured with this button.
Change the parameter using the W softkey. Confirm the
change with the [J softkey or exit parameter configuration
without any changes using the soﬁkey.

oo
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7.3.1.2 Back-up Protection relays

Back-up protections parameters are established and the user must not vary

the potentiometers.

7.3.2 N-PSUBS3 : Power Generation Substation Module 3

The Power Generation Substation Module allows carrying out the main
maneuvers to control the turbine-generator group. The switches included in this
panel send the orders to the N-PPCIM1 in order to control the actions of the

generator-motor group.

7.3.2.1 Local mode

fgure 45: Local mode control buttons

This operation mode can be selected with the control modes switch and
enables the next group switches “local control mode” and “control switches”.

Local control mode switches group allows the following functions:

Unit ref.: AEL-TI- Date: May 2018 Pg: 102/ 222
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e Manual / Automatic Speed Control.

The manual operation enables the potentiometer called Manual Speed
Control to regulate the turbine speed, which is the same as regulate the turbine
frequency. The automatic operation lets the controller adjust the turbine speed

according to demand conditions.
e Manual / Automatic Excitation Control.

In the second one, the manual operation enables the potentiometer called
Manual Excitation Control to regulate the generator excitation. On the other hand,
the automatic operation lets the controller adjust the generator excitation according

to demand conditions.
e Control switches group:

Besides the mechanical control of motor-generator group, the Control
Switches block has four switches to carry out typical maneuvers of a generation

substation:

» Start/Stop turbine: the user put in operation the turbine and the

generator begins to rotate for the shaft coupling.

» 52G synchronization permission: the user gives permission to the
automatic controller (easygen) for synchronizing the generator
with the grid when voltage, phase sequences and frequency are
properly. The internal circuit breaker will be closed depending on
the 52NET switch state:

= Disable 52NET: the automatic controller hasn’t a reference

which to compare and when the line voltage (400 VAC)
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and frequency (50/60 Hz, depends on the country) take

these values the internal circuit breaker is closed.

= Enable 52 NET: the automatic controller senses the
presence of the national grid. The controller will close 52G
internal circuit breaker when the reference coincides with
the generator instantaneous values. The conditions that

have to be accomplished:
o Equal voltages.

o Equal frequencies: depends on the national grid of

the country.
o Equal phase sequence.

e Enable/disable 52NET: the user closes the circuit breaker that
will synchronize the generator with the national grid and a signal
Is automatically sent to the automatic controller to detect the

electrical parameters of the national grid.

e Reset alarms: the user reset the active alarms pressing the push-

button twice.

7.3.2.2 Remote mode

This operation mode can be selected turning the Control Modes switch
to SCADA Control Mode position. This control mode will be explained in the
SCADA system point.
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7.3.1 N-EALD: Network Analyzer Unit with Computer Data Acquisition

The N-EALD has the network analyzer used to display the main

parameters of the system such as powers, currents, voltages, etc.

N-EALD

S8 SATEC
OUTPUTS

POWER
ON
POWER SUPPLY 230 VAC FUSES
10A 10A 10A
OFF |

Figure 46: Network analyzer buttons

When using the analyser in measurement mode, we have the following

parts

of the display:
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Display Sub-menu Sub-menu Parameter display
w 7 /r"

Import

891410 «wn

F007M214:35:29 NORM T 122 B

Figure 47: Top bar elements of the display

Voltage phase
presence indicators

Present date and time 891 41 0 kWh No load/Power flow
direction indicator
\E\u\mnzm:ss:m NORM Tl 123 ]
Operating mode Present tariff rate indicator

Figure 48: Bottom bar elements of the display

In order to navigate between the data displays you can use the
UP/DOWN scroll buttons, for example, you are in voltage L-L measurement and
you want to change to L-N values, for that operation you must press the UP button,

and to return to the previous one you must press DOWN button.

As it has been explained, each submenu of measurement has different
data displays, for example, voltage measurements has; L-L, L-N, THD, etc. The
submenus of the measurement menu and data displays you can navigate are the

following:
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Group (= to change)

Screens (A to go right, ¥ to go left). Underlined = included in Auto Scroll

Voltages VI-L // VLN // THD // Ue // Hz // Phase // Demand
Currents Amps // THD // TDD // K Factor // Unbalance // Demand
Powers Total // L1 // L2 // L3 // Import Demand // Export Demand
Demands P Import // P Export // Amps // Volts

Min/Max VLI-L // VL-N // Amps // Ineutral // P // PF // Hz

Energy Import // Export

TOU (Import, Export)

Reg#1 // Reg#2

Harmonics

#3 // #5 // #7 .. #39

, - - Navigation
Spectrum vi//v2 /32 /13 A N
Waveform L1 // L2 // L3 7

Press ¥ Press A
Phasor \ I 1
Dlgita| I;‘{O A Press V
Diagnostic ~ =3
Alarms \

Basic Settings

Pagel // Page2

Device Info

Info // Com

Figure 49: Measurement menu scheme

In order to navigate between groups (voltage, currents, powers, etc) you

must press the TAB button, and to navigate between the different screens of each

group you can use UP and DOWN buttons.

Pg: 107 / 222




. PRACTICAL EXERCISES MANUAL
cdine

Unit ref.;: AEL-TI-

Date: May 2018 Pg: 108/ 222

7.3.2 N-REG16: Voltage Regulation Module 1

SIGNAL
ETHERNET,

POWER
CONNECTOR

VOLTAGE SENSAE
CONNECTOR

VOLTAGE
REGULATOR CONTROL

N
24 VDC INPUT

DOWN  UP '

24 VDC
oureur SNP

Figure 50: N-REG16 Module

This module allows controlling the output voltage of the three-phase
autotransformer whose reference is TRANS3/KRM.

There are three ways to control the voltage regulation:

1.- Voltage regulator commutator.
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VOLTAGE
REGULATOR

Figure 51

This commutator has three positions:

DOWN: the commutator enables the motor of the autotransformer

reducing the output voltage.

0: the commutator disables the motor of the autotransformer and the
output voltage is constant. If the user release the commutator, this one comes back

to the “0” position.

UP: the commutator enables the motor of the autotransformer increasing

the output voltage.

2.-REMOTE VOLTAGE CONTROL connections.

REMOTE
1‘ VOLTAGE
. CONTROL

Figure 52

This connections are very useful for remote control.
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There are two 24 VDC input connections to increase or reduce the

output voltage of the autotransformer. The following picture indicates an example
of wiring:

REMOTE
VOLTAGE
CONTROL

DOWN ur

VOLTAGE & o
SENSOR

24 VOC INPUT

Figure 53

The voltage sensor measures the output voltage of the three-phase
autotransformer and close its contact when the voltage level is lower than a set

value. On this way the user can realize an automatism to control automatically the
voltage.

3.- SCADA Control.

This option is enabled when the user works with a PC and the provided
SCADA Control System.

For this purpose the ethernet connectors must be connected to the N-

PSUB module and CONTROL MODUES switch must be put in SCADA Control
Mode.

Figure 54
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7.3.3 N-BUSO08. Distribution bus bar module

Figure 55: N-BUS08 module

This module allows carry out the same operations of double bus bar
power substations. For this purpose, the module includes a series of push buttons

and connections for switching operations.
Note that circuit breakers are named as 52 and disconnectors as 89.
There are two modes to control the circuit breakers and disconnectors:

1. Local control mode: this control mode allows switching maneuvers
via push buttons. Each push button has the function of open and close

the circuit breakers and disconnectors.

Additionally, this module includes 24 VDC digital inputs for logic
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operation of circuit breakers and disconnectors. These digital inputs
can be wired to an external device such as overcurrent protection
relay to provoke the action of the circuit breakers. The following

picture shows a wiring example:

OPEN CLOSE

OPEN COMMAND
RELAY

CLOSE COMMAND
RELAY

POWER SUPPLY 230 VAC

Figure 56

In this example, Open Command Relay and Close Command Relay
belong to an overcurrent protection relay. This protection relay sense the current of
the power circuit and send signals to the control relays according to the level of
sensed current. On this way, the circuit breakers can be opened or closed according

to different conditions.

2. Remote control mode: this control mode allows control the switching

actions from the SCADA Control System. For this purpose the
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module must be connected via ethernet to the rest of the modules.
Additionally, the switch of the N-PSUB module must be turned in
SCADA Control Mode position:

Figure 57
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7.3.4 N-BUSO09. Coupling Bus Bar Module

—————

POWER SUPPLY 230 VAC

®

Figure 58: N-BU09 module

This module allows carrying out the change in power distribution
busbars simulating real situations such as maintenance operations or unseen faults.
For this purpose, the module includes a series of push buttons and connections for

switching operations.

Note that circuit breakers are named as 52 and disconnectors as 89. It
IS important to understand the circuit breakers and disconnectors connection
sequences . The user must have in mind that only circuit breakers are able to work
in load mode. Thus if the sequence is wrong the application will not let the user

open or close the corresponding switches.
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There are three modes to control the circuit breakers and disconnectors:

1. Local control mode: this control mode allows switching maneuvers
via push buttons. Each push button has the function of open and close

the circuit breakers and disconnectors.

Additionally, this module includes 24 VDC digital inputs for logic
operation of circuit breakers and disconnectors. These digital inputs
can be wired to an external device such as overcurrent protection
relay to provoke the action of the circuit breakers. The following

picture shows a wiring example:

OPEN CLOSE

OPEN COMMAND
RELAY

CLOSE COMMAND
RELAY

POWER SUPPLY 230 VAC

Figure 59

In this example, Open Command Relay and Close Command Relay

belong to an overcurrent protection relay. This protection relay sense the current of




. PRACTICAL EXERCISES MANUAL
@d I b 5

Unit ref.: AEL-TI- Date: May 2018 Pg: 116/ 222

the power circuit and send signals to the control relays according to the level of
sensed current. On this way, the circuit breakers can be opened or closed according

to different conditions.

2. Remote control mode: this control mode allows control the switching
actions from the SCADA Control System. For this purpose the
module must be connected via ethernet to the rest of the modules.
Additionally, the switch of the N-PSUB module must be turned in
SCADA Control Mode position:

Figure 60
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7.3.5 N-ERP-MFO0L1. Digital Fault Simulator Module

N-ERP-MFO1 =
DIGITAL FAULT SIMULATOR MODULE “

POWER SUPPLY 230 VAC

Figure 61: N-ERP-MF01 module

This module is designed for the study of faults in power systems. The

user must be carried out the following steps to configure and inject the faults:

1. Decide the type of fault to be injected and set it. There are five
possible faults: Single Pole fault, double pole fault, double pole to
ground fault, three pole fault and three pole to ground fault. All these
faults can be set with or without impedance. The following pictures

indicate how set the type of fault:
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L)
~ piGiaL

N-ERP-MFO1

N-ERP-MFO1

m L)
FAULT SIMULATOR MODULE ™ DIGITAL FAULT SIMULATOR MODULE

L)
¥ piGiaL

Figure 62: N-ERP-MFO01 single pole and two pole setting fault.

N-ERP-MFO1

N-ERP-MFO1

{ib L)
FAULT SIMULATOR MODULE ™ DIGITAL FAULT SIMULATOR MODULE ™

Figure 63:

N-ERP-MFO1 two pole to ground and three pole setting faults
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s N-ERP-MFO1 A
DIGITAL FAULT SIMULATOR MODULE

Figure 64: N-ERP-MFO01 three pole to ground setting fault

D o N-ERP-MFO1 A
DIGITAL FAULT SIMULATOR MODULE ™

Figure 65: N-ERP-MFO01 setting off fault impedance

2. Trip time setting. Rotate wheel of the timer in order to set the fault
time. Note that this time must always be lower than 1 second. More

fault time may cause serious damage in the unit.

3. Select the point of the fault. In this point the user must wire the L1,

L2, L3 and N power connections in the point where the fault is going
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to be injected.

4. Fault injection. Press the push button in order to inject the fault. The

circuit breaker lamp is turned on and turned off automatically.

NOTE that fault injection can be carried out in remote from the SCADA Control

Software:

1. Remote control mode: this control mode allows fault injection from
the SCADA Control System. For this purpose the module must be
connected via ethernet to the rest of the modules. Additionally, the
switch of the N-PSUB module must be turned in SCADA Control

Mode position:

Figure 66
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7.3.6 N-CAR35T3D. Three-Phase Digital Bank of Commutable Resistors

N-CAR35T3D
THREE-PHASE DIGITAL BANK OF COMMUTABLE RESISTORS MODULE

— =

Figure 67: N-CAR35T3D module

This module is designed for the study of active power consumption. The
module consists of three phase commutable banks of resistors. Each bank has
connected three resistors which can be configured in star and delta. In addition, the

module includes three commutators for each Bank.
The module can be used in two modes:

1. Local control mode. This mode allows carry out switching
operations with each commutator. The commutators have two
positions: OPEN and CLOSE. Close position allows connect the
loads to the lines. Open position disconnect the loads.

2. Remote control mode: this control mode allows control the
switching actions from the SCADA Control System. For this
purpose the module must be connected via ethernet to the rest of
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the modules. Additionally, the switch of the N-PSUB module
must be turned in SCADA Control Mode position:

Figure 68
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7.3.7 N-CAR36T3D. Three-Phase Digital Bank of Commutable Inductances
Module

N-CAR36T3D
THREE-PHASE DIGITAL BANK OF COMMUTABLE INDUCTANCES MODULE

Figure 69: N-CAR35T3D module

This module is designed for the study of reactive power consumption.
The module consists of three phase commutable Banks of inductances. Each Bank
has connected three inductances which can be configured in star and delta. In

addition, the module includes three commutators for each Bank.
The module can be used in two modes:

1. Local control mode. This mode allows carry out switching
operations with each commutator. The commutators have two
positions: OPEN and CLOSE. Close position allows connect the
loads to the lines. Open position disconnect the loads.

2. Remote control mode: this control mode allows control the

switching actions from the SCADA Control System. For this
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purpose the module must be connected via ethernet to the rest of
the modules. Additionally, the switch of the N-PSUB module
must be turned in SCADA Control Mode position:

Figure 70
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7.3.8 N-CAR19T3D. Three-Phase Digital Bank of Commutable Capacitors
Module

N-CAR19T3D
THREE-PHASE DIGITAL BANK OF COMMUTABLE CAPACITORS MODULE

Figure 71: N-CAR35T3D module

This module is designed for the study of capacitive reactive power. The
module consists of three phase commutable Banks of capacitors. Each Bank has
connected three capacitors which can be configured in star and delta. In addition,

the module includes three commutators for each Bank.
The module can be used in two modes:

1. Local control mode. This mode allows carry out switching
operations with each commutator. The commutators have two
positions: OPEN and CLOSE. Close position allows connect the
loads to the lines. Open position disconnect the loads.

2. Remote control mode: this control mode allows control the
switching actions from the SCADA Control System. For this
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purpose the module must be connected via ethernet to the rest of
the modules. Additionally, the switch of the N-PSUB module
must be turned in SCADA Control Mode position:

Figure 72
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7.3.9 SCADA system

The SCADA system is used to control and visualize the parameters of the
application when the SCADA control mode (remote mode) is activated in the N-
PSUB module.
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SMART GRID POWER SYSTEMS

S

N ER

@) www ecibon com

B abVIEW

Figure 73: Main screen of SCADA software

The main screen shows a global vision of the application and the parts in
which is structured (power substation, transmission line, distribution and loads)

and has the main menu to control the SCADA.

The figure shows the parts of this screen:

1. SCADA control menu. It contains the main commands of the

system:
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-Alarm settings

-Start and Stop of the SCADA System.

-Save data: To save the measured data by creating a file
in the PC.

2. Screen navigation menu. In order to be able to navigate through
these screens you must start the SCADA system in the control
menu. Networks analyzers must be fed and Ethernet wires
connected, otherwise the system will not work and an advice will
show up on the screen; this can be checked through the green

indicators located under the turbine in the diagram. The navigation

menu is used to change between the specific screens of the system:
- Power substation screen.
- Transmission line screen.
- Switching distribution screen.
- Loads Screen.

- Signal window.

3. Diagram of the unit showing a power system similar to the

hardware.
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7.3.9.1 Power substation screen

AC ANALYZERS PALETTE

GOTO
MAIN

GOTO
TRANSMISSION LINE

GOTO
DISTRIBUTION

GOTO
LOADS.

g
g
00000000

B LabVIEW

Figure 74: Power substation screen of SCADA software

This screen shows a three-phase diagram where the power generation

substation parameters, switches, alarms and operation signals can be visualized.

The figure shows the main parts of this screen:

1. Navigation menu and save data button. To know more about them,

go to the main screen description.

2. Power substation control panel. It has the same structure as the N-
PSUB and N-PPCM1 modules. Go to the paragraphs “N-PSUB3 :
Power Generation Substation Module and N-PPCML1. Control and
Protection of Turbine-Generator Group Module 1” to understand

how to operate with it.

3. Diagram of the power substation. In the right of the screen has an
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“AC analyzers palette” with the measures of the network
analyzers. These analyzers can be moved to the positions named as
AC-ANA in the three-phase diagram. Note that these movements
do not change the real position of the analyzers (the measures will

be the same) that only depends on the wiring assembly.

4. Manual control regulators. They appear when the manual control
switches are selected in the control panel, one for controlling the
generator frequency and the other one for regulating the generator

voltage expressed as a percentage of the nominal value.

7.3.9.2 Transmission line screen.

This screen shows a three-phase diagram where the parameters of the
transmission line can be visualized. The impedance of each phase line can be
modified changing the resistances, inductances and capacitances values. It is
important to mention that these values are only informative: a changing in the

software values without change the real wiring does not vary the measures.
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TRANSMISSION LINE

CALCULATIONS

Figure 75: Transmission line screen of SCADA software

The figure shows the main parts of this screen:

1. Navigation menu and save data button. To know more about them,

go to the main screen description.

2. AC analyzers palette and calculations. These tables show the
measures taken by the analyzers and the different between them
with the aim of obtain the line losses. The analyzers can be moved
to the positions named as AC-ANA in the three-phase diagram.
Note that these movements do not change the real position of the

analyzers (the measures will be the same).

3. Diagram of the transmission line. It has two buttons to save the
configuration of the transmission line and to reset them to the

factory values.
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7.3.9.3 Loads screen

edios .-

GOTO RESISTIVE LOADS INDUCTIVE LOADS

r—n T —

-‘C ANALYZERS PALETTE

B LabVIEW

Figure 76: Loads screen of SCADA software

This screen shows a three-phase diagram where the resistive, inductive and
capacitive loads can be visualized. These loads are only represented by one bank
of each load type. For example, if there are connected two resistor Banks in the
real system, the resistor value to introduce in the SCADA software will be 1600/2
= 800 Q. It is important to mention that these values are only informative: a

changing in the software values without change the real wiring does not vary the
measures.

The figure shows the main parts of this screen:

1. Navigation menu and save data button. To know more about them,

go to the main screen description.

2. AC analyzers palette. It shows the measures taken by the
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analyzers. The analyzers can be moved to the positions named as
AC-ANA in the three-phase diagram. Note that these movements
do not change the real position of the analyzers (the measures will

be the same).
3. Diagram of the transmission line.

4. Remote switches: Allow load banks remote opening and closing
from the SCADA.

7.3.9.4 Open signals window

The signals window is divided in two screens: signal vs time graph and

phasor diagram.

@ SIGNALS WINDOW O x

| Signal vs Time Graph Phasor Diagram |

-ty 9 d
1 (Hz) [~
Oerio

L1 P1(w)

[ a1 (vAR)

[ s1va)

O vLiz-2 v

[ 12 (Ha) v
O 20

P2y

] @2 (vaR)

[ s2va)

[ TURBINE SPEED (rpm) x

—
Signal 3. Factor "
PERMISSON FOR SYMC., x T

Signal Factor
READY FOR OPERATION %1 ~

Signal Factor
SYMC CONDITIONS x100 N

CLEAR GRAPH PRINT GRAPH

Figure 77: Open signals window. Signal vs time graph
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The signal vs time graph has the following sections (see figure):

1. Real time graph. It displays the variables selected and it is possible to
take measures using two cursors (a) and modify the time (b) and the
amplitude (c) scales. To modify this last scale, click on the upper

number and it will allow you to change the value.

2. Variable selector. In this section the variables showed in the real time
graph are selected and configured. To modify colors, line widths, line
types, etc. do click on the picture placed on the right of the variable

(d) and a menu will appear.

3. Multiplier of digital variables. It used to scale the digital variables and

visualize them together with the analog signals.

AEL BSGC - SIGNALS WiN o=

Signal vs Time Graph Phasor Diagram

PN [
Q(VAR) [~ 2 .
swa [
Py [
Qmar) [
sway [

S

S

[<

B EE

‘ I PAUSE GRAPH | PRINT GRAPH

Figure 78: Open signals window. Phasor diagram
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7.3.9.5 Distribution transformer screen

This screen shows the diagram to control remotely the UP and DOWN
signals from the voltage regulator to the distribution transformer to step up or

down the voltage.

€ POWER SUBSTATION
edios | NATIONAL EONEY;
® o

FREQUENCY EXCITATI
REGULATOR REGULA1

T0 L2
mosilfne | | [rommme | oen |
GOTO [
DISTRIBUTION e BACK-UP O\
PRO

OPEN DISTRIBUTION

B abVIEW

Figure 79: Distribution transformer screen.

7.3.9.6 Faults screen

This screen shows the remote control button to inject the fault chosen. It
Is important to remind the user that the type of fault will only depend on the real

wiring of the digital fault simulator module.
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SMART GRID POWER SYSTEMS

55555

y i FAULT INJECTION

FAULT O o INDUCTIVE LOADS
‘

pe

CAPACITIVE LOADS

|
'
'
'
! |FREQUENCY EXCITATION
| [REGULATOR REGULATOR
'

|
'

i
|
: L2
ormn osramuron | |[TU"Ne | GEN
TRANSFORMER 1
!
= BACK-UP OVERCURRENT
orensinats winoow | | S PRATECHON
9 wwedibon

POWER SUBSTATION i :‘ TRANSMISSION LINE

aooen |

Figure 80: Faults screen.

7.3.9.7 Distribution screen.

This screen shows a three-phase diagram of the two distribution busbars
with the corresponding circuit breakers (52) and disconnectors (89) of each
distribution and coupling module and the corresponding controls for setting the

desired configurations.
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B abVIEW

Figure 81: Switching distribution screen.

The figure 72 shows the main parts of this screen:

1. Navigation menu and save data button. To know more about them,

go to the main screen description.

2. AC analyzers palette and calculations. These tables show the
measures taken by the analyzers and the different between them
with the aim of obtain the line losses. The analyzers can be moved
to the positions named as AC-ANA in the three-phase diagram.
Note that these movements do not change the real position of the

analyzers (the measures will be the same).

3. Remote switches for circuit breakers and disconnectors. Through
these remote switches the distribution and coupling modules
receive the OPEN and CLOSE signals for the 52 and 89 elements.




. PRACTICAL EXERCISES MANUAL
@d | b 5

Unit ref.: AEL-TI- Date: May 2018 Pg: 138/ 222

4. Three-Phase diagram of the two busbars along with the
distribution and coupling modules.

5. Reset switch. Through this remote switch all disconnectors and
circuit breakers return to OPEN state.
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7.3.10Starting up the application

Follow the steps below to assembly the AEL-TI- modules, activate the

protections and turn on the unit:

1.

Connect the modules as it is shown in paragraph “Cable assembly of the
AEL-TI- modules”.

Verify the position of the magneto-thermal circuit breaker placed at the N-
ALIO1. It must be activated.

Turn the removable key to select the ON position in the N-ALIO1 module.

Adjust the manual control potentiometers to the minimum values allowed
and turn on the ON/OFF switch in the N-PSUB module.

Turn the selector switches of the N-REFT/3C, N-INDT/3C and N-
CAR19T/3C modules to disconnect all loads.

7.3.11Shutting down the application

Follow the steps below to turn off the unit:

Stop the turbine selecting this option in the N-PSUB module (local control

mode) or in the SCADA software (remote control mode).

Wait until the turbine is turned off and, if the unit has been controlled in

remote mode, stop the SCADA system and close it.
Switch off the N-PSUB module.

Turn off the N-ALI01 module.
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7.4 MAIN INSTRUCTIONS, WARNINGS AND PRECAUTIONS

7.4.1 Previous considerations and precautions

Before changing the configuration of any assembly, it will be necessary
to switch off the main supply by pressing the module’s emergency mushroom (N-
ALI101). You can also cut the current off by turning the key of the module for the
main power supply (N-ALI01) until reaching the position OFF. This method will
be only used by the instructor, and he or she will keep the mentioned key when the
unit is not being used in order to avoid an irresponsible use of it. Check that the
automatic magneto-thermal differential switch placed on the main power supply

(N-ALI101) module is ON for the power supply of the module to be active.

If, for the development of a practical exercise, it is necessary to use
modules assembled in different racks, it will be also necessary to connect the

grounds of the racks. This way, all the modules will be connected to ground.

You must always have in mind the voltage level of the assembly, taking
into account that small terminals will be used for low voltages (24V or 12V) and
big terminals for high voltages (230 or 400VAC).

Respect the polarity of the voltages when assembling modules that

require a polarized power supply.

Before carrying out practical exercises with motors, it is advisable to
check that, according to the metal sheet of the motor features, units can resist the

intensities according to the assembly carried out.

Do not forget that you must not exceed the nominal current of the
motors. Please, pay special attention to this warning because there are current

peaks with fast changes of some electrical parameters.
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When injecting faults into the system, to test the back-up protections of
the generator motor controller, connect the fault simulator to the primary winding
of the distribution transformer and the neutral wire from this winding to the
generation line neutral terminal. The step-up transformer must be also included
when simulating faults and resistive loads connected and turned on. Do not inject
faults when operating in synchronization in the grid due to safety reasons . Back —
up protections potentiometers must not be changed. In order to learn more about
more about the power generation and distribution protections against faults you

should acquire the following additional protection relays:

N-ERP-PDFO1. Differential Protection Relay Module: Protection for

transformers, generators or busbars.

- N-ERP-PDO0L. Distance Protection Relay Module: Protection and control of

transmission lines.

- N-ERP-SFTO1.Overcurrent and Earth Fault Protection Relay Module:
Protection and monitoring of transformers, transmission lines and

distribution schemes against overcurrents and earth faults.

- N-ERP-MAOQ1: Feeders Management Relay Module: Protection and

monitoring of feeders and overhead lines.

NOTE: For all practical exercises, you must connect the GND’s of

all modules as it is shown in the wiring models.
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7.4.2 Drivers installation and Communication ports configuration

e PCI-1612 installation

PCIE- 1612/PCIE 1610 Rev.Al_01-2 ; 19A3E61201 01

M i
b G " HE'@ @' E171522

e g

J

-
18

N

PCIE-1612B

WA

Figure 82: PCI-EXPRESS card

The picture shows the slot where the PCI card must be connected:




PRACTICAL EXERCISES MANUAL

Unit ref.: AEL-TI- Date: May 2018 Pg: 143/ 222

Figure 83: PIC-EXPRESS card connection

Tighten the screw:

Figure 84: PCI-EXPRESS card fixing

Connect the RS-485 connectors to the network analyzers:
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Figure 85: Connection between the PC and the network analyzers t

e Operating systems supported:
o Windows XP.
o Windows 7.
o Windows 8.
o Windows 8.1.
o Windows Server 2008 R2.
o Windows 10.
e Drivers installation steps:

1. Introduce the drivers CD and the autorun application will appear in a

few seconds. Click on Continue.
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ADVANTECH

e ate

Continue

Figure 86: Welcome screen of the drivers CD

2. Click on “Installation” to access a new screen with the ICOM AND
CAN drivers. Select the ICOM Windows drivers.

Windows Drivers

’

CAN Driver

| Windows Drivers | WinCE Drivers
| QNX Drivers

CANopen Software

Windows Software | WinCE Software

| Linux Drivers | QNX Drivers.

Figure 87: ICOM and CAN drivers
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3. Select the PCIE-1612 series and follow the next instruction selecting

the destination location and the start menu folder.

PCIE-1610

PCIE-1622 %

Tools

Advantech ICOM Utility

Figure 88: PCIE Series

4. Click on “Install” and wait until the installation finishes.

o, -
15! Setup - Advantech PCIICOM er ==
. i . . - e & T -

Completing the Advantech PCI ICON
Driver Setup Wizard

Setup has finished instaling Advantech PCI ICOM Driver on your
computer. The application may be Bunched by selecting the
installed icons.

Click Finish to exit Setup.

Figure 89: ICOM drivers installation completed




. PRACTICAL EXERCISES MANUAL
@d I b 5

Unit ref.: AEL-TI- Date: May 2018

Pg: 147/ 222

5. To know the ports mapped by the Advantech ICOM card, open the

“Control panel” and go to “Hardware and sound”. Click on “devices

manager’”.

Ventana principal del Panel de
control
Sistema y seguridad
Redes e Internet

* Hardware y sonido
Programas
Cuentas de usuario
Apariencia y personalizacion
Reloj, idioma y regidn

Accesibilidad

. =
& +|®] » Panel de control » Hardware y sonido » > |+ Buscaren el Panel de con... PI
= ¥ +
e TT— e =

greq Agregar §na impresora Meouse
Y Administrader de dispositivos

Reproduccion automatica
Cambiar la configuracion predeterminada de medios o dispositi
Reproducir un CD u otros medios automaticamente

3y Sonido
l\r../J Ajustar volumen del sistema Cambiar sonidos del sistema
Administrar dispositives de audic

\{' Opciones de energia
Cambiar la configuracién para ahorrar energia
Cambiar las acciones de los botones de encendido
Requerir una contrasefia cuande el equipo se reactiva
Cambiar la frecuencia con la que el equipo entra en estado de s
Elegir un plan de energia

! Pantalla
# Aumentar o reducir el tamario del texto y de otros elementos

Ajustar resolucién de pantalla | Conectarse a una pantalla externa

Come corregir el parpadeo del moniter (frecuencia de actualiza

ivos

uspension [y

cién)

Figure 90: Hardware and sound

6. In the “Multi-port serial adapters" folder, you will see "Advantech’s
x-Port UART PCI-Express Card". All serial ports of ICOM cards are
under the "Ports (COM & LPT)" folder, you will see "Advantech’s

Communications Port (COMxxx)". These are the serial ports your

ICOM cards have been mapped to.
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.‘"‘f_rm'-l sebia-da-puarasraltip!

- Advantech's 4-Port UART PCl-Express Card
b g —ontroladeras ATAJATAPLIDE

- § Controladoras de bus serie universal

b -% Controladoras de sonido y video y dispositivos de juego
b &g‘j Dispositivos de interfaz de usuario (HID)
b /M Dispositivos del sistema

» Wl Dispositivos portatiles

" M Equipo

- A Monitores

b ﬂ Mouse y otros dispositives sefialadores
b I Procesadores

PR s (COMy | BT

! --‘? Advantech's Communications Port (COM4)
! --‘? Advantech's Communications Port (COMS)
! --‘? Advantech's Communications Port (COMEG)
: --‘? Advantech's Communications Port (COMT)

‘? Puerto de comunicaciones (COM2)
15" Puerto de impresora (LPTL)
.2 Teclados

> Unidades de disco

Figure 91: Devices manager

. The port used to communicate with the AEL-TI- unit is the first

installed by the PCI-Express card (COM4). Click on it to verify the

speed. It must be equal to 9600 bits per seconds.
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and tasks”.

-

-
Propiedades: Advantech's Communications Port (COM4) I&

General | Port Settings | Controlador | Detalles I Recursos|

Position Information
Device ID: 000B

Start Address: DFO00000

UART Made
~
~

{* RS5-485/RS-422 Slave

Tum Around Time |0 -

Foc FIFO Trigger |192 -
T FIFO Trigger |64 -

[Mote: PCI UARTs have 256 byte FIFOs. Trigger levels will default to 152 bytes in
the driver if tigger level selection is greater than 256.]

Board ID: 0 Port Index: 1

COM Port Number: |COM4 -

UART Line Set
[ Bits per second: ]EEDD j ]

Data bits: |2 -
Parity: | None -
Stop bits: |1 -

Flow control: | None <

Applied | Restore Defaults |

[ Areptar H Cancelar ]

7.4.3 IP address configuration

Figure 92: Advantech’'s Communications Port (COM4) properties

The communication between the PC and the unit has been made through
an Ethernet network. To establish this network it is necessary to set a fixed IP

direction to the computer. In the following steps it will be explained the procedure.

1. Go to “Control Panel” in the Windows SO and click on “View network status
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@ + Panel de contral »

[+ [[1z

Ajustar la configuracion del equipo

Dk L

Sistema y seguridad

Revisar el estado del equipo

Hacer una copia de seguridad del equipo
Buscar y corregir problemas

Verpor: Categoria ™

Cuentas de usuario y proteccién
infantil
B Agregar o quitar cuentas de usuario

) Configurar el Control parental para todos los
usuarios

)

compartide

ﬁ*

——

kg
il

Programas

e
{ Ver el estado y las tareas de red l

/ Hardware y sonido
Ver dispositives e impreseras
Agregar un dispositivo

Desinstalar un programa

Apariencia y personalizacion
Cambiar el tema

Cambiar fondo de escritorio

Ajustar resolucién de pantalla

e uso

Reloj, idioma y region

Cambiar teclados u otros métodos de entrada
Accesibilidad

Permitir que Windows sugiera parametros de

configuracién
Optimizar la presentacién visual

Loy
%

Figure 93: Windows control panel

2. On the left side of the screen, select “Change adapter settings”.

L% « Redeselnternet » Centro de redes y recursos compartidos

Ventana principal del Panel de
control

Cambiar configuracién del
adaptador

compartido avanzado

e

-

Vea también

Firewall de Windows

o
Grupo Hogar =

Opciones de Internet

Figure 94:

3. Click with the right button

“Properties”.

Ver informacién bésica de la red y configurar conexiones

TECNICO4
4 (Este equipo)

Wer las redes activas

Cambiar la configuracién de red

-~

Red no identificada

Ver mapa completo

L x— @

Internet

Coenectar o desconectar

Red no identificada
Red publica

Tipo deacceso:  Sin acceso aInternet

Conexiones: B Conexién de drea local

Configurar una nueva conexion o red

Configurar una conexion inalimbrica, de banda ancha, de acceso telefénico, ad hoc o VPN: o
bien cenfigurar un enrutader o punto de acceso.

Conectarse & una red

Conectarse o volver a conectarse a una conexién de red inalémbrica, cableada, de acceso
telefénico o VPN,

Elegir grupo en el hogar y opciones de uso compartido

Obtener acceso a archives e impresoras ubicados en otros equipos de la red o cambiar la
configuracién de use compartido.

Solucienar problemas

Diagnosticar y repara problemas de red u obtener informacién de solucién de problemas.

Network and sharing center

over the “Local area connection” and select
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- = | Bl [ |
@ » Panel de control » Redes elnternet » Conexiones dered » - | +3 || Buscar Conexiones de red R |

Organizar

Deshabilitar este dispositivo de red Diagnosticar esta conexion

Conexidn dg-s===lasal
-.,,~ Red no iden| @ Desactivar
| @ e85 fstdo

Diagnaosticar
#)  Conexiones de puente

Crear acceso directo
Eliminar
1) Cambiar nombre

ﬁ" Propiedades l

Figure 95: Network connections

- - 0 @

4. Select the “Internet protocol version 4 (TCP/IPv4)” and enter in its

“Properties”.

-

-
U Propiedades de Conexidn de 4rea local ﬁ

Funciones de red

Conectar usando:

l_-? Realtek PCle GBE Family Controller

Esta conexidn usa los siguientes elementos:

% Cliente para redes Microsoft
[w] Q Programador de paguetes QoS
gl:ompartlr impresoras y archwos para redes Microsoft

i Hespondedor de deteccidn de topologias de nivel de v..

Desinstalar Propiedades

Descripcion
Protocolo TCP/IP. El protocolo de red de drea exdensa

predeterminado que permite la comunicacion entre varias
redes conectadas entre si.

[ Aceptar ][ Cancelar ]

Figure 96: Local area connection properties

5. Select the “Use the following IP address”.

6. Set as “IP address”

: 192.168.1.20
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7. Set as “Subnet mask™: 255.255.255.0.

8. Push “Ok”.

Propiedades: Protocolo de Internet version 4 (TCP/IPv4) L0 S
e T e =
| | General

Puede hacer que la configuracdn [P se asigne autométicamente = la
red es compatible con esta fundonalidad, De lo contrano, deberd
consultar con el administrador de red cudl es B configuracdn P
AD00PIata,

Obtener una drecodn [P automdticamente

O Usar s siguente drecodn IP:

Dreccidn IP: 192.168. 1 .20

Miscara de subred: 255,255,255, O

Puerta de enlace predeterminada:

@ Usar s siguentes drecoones de servidor DINS:

Servidor DNS preferido:
Servidor DNS alternativo:
Vakdar configuracdn al salr Opoenaavmzadas
|

Figure 97: Internet protocol version 4 (TCP/IPv4) properties

9. The IP direction of the computer is configured and the computer is ready to
establish an Ethernet network with the AEL-TI- unit.
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7.5 LABORATORY PRACTICAL EXERCISES

7.5.1 Practical exercise 1: Stand-alone manual control of voltage and

frequency of the generator

7.5.1.1 Objective

The objective of this practice is learning how to control manually the
voltage and frequency of the motor-generator group, acting on the motor speed and

the excitation current of the generator.

The user will understand the effect of different loads and how to

compensate it modifying the speed and excitation current.

7.5.1.2 Required elements
e Industrial Power Supply (N-ALI01)
e [nstrumentation Module 1 (N-PPIM2)
e Control and Protection of Turbine-Generator Group Module 1 (N-PPCM1)

e Network Analyzer Unit with Computer Data Acquisition (N-EALD) (1

units).
e Power Generation Substation Module 3 (N-PSUB3)
e Three-Phase Digital Bank of Commutable Resistors (N-CAR35T3D)

e Three-Phase Digital Bank of Commutable Inductances Module (N-
CAR36T3D)
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e Three-Phase Digital Bank of Commutable Capacitances Module (N-
CAR19T3D)

e GMG4.5K2PH. 4,5 kW Generator-Motor Group.

7.5.1.3 Procedure

1. Carry out the steps described in the paragraph ’Starting up the
application”’.

2. Carry out the wiring shown in the cable assembly section, > Stand-alone

configuration wiring”’.

3. The table below shows the final position of the switches placed in the N-
PSUB module and the sequence needed to control manually the motor-

generator group:
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SWITCHES POSITION
Local/SCADA Control Mode UP (Local Control Mode)
Manual/Automatic Speed Control UP (Manual Speed Control)

Manual/Automatic Excitation Control | UP (Manual Excitation Control)

Enable/Disable 52NET Right (Disable 52NET)

Start/Stop Turbine Left (Start Turbine)

52G Synchronization Permission UP
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4. Modify slowly the manual excitation control potentiometer to obtain

approximately 1A of excitation current (see this current in the N-PPIM2

module).

5. A Network Analyzer is connected after the controller to measure the power

and other parameters delivered to the isolated loads.

. Increase the frequency turning the manual speed control potentiometer and,
if it is needed, adjust the voltage generated modifying the excitation
current. The aim is to obtain the pre-established conditions in the controller:
380-400V and 50Hz.

Note that the controller has a defined time to reach these conditions and it
will activate an alarm if it does not happen (underfrequency alarm). In this
case, press the alarms reset button twice. The alarm will be deactivated and
it will be possible to try the process again, starting from the last

potentiometers positions.

7. When the pre-established conditions (380-400V and 50Hz) are reached, the

automatic speed and voltage controller will closed the circuit breaker and

the 52G indicator will be turned on.

. Now, add some resistive loads and display in the instrumentation module
(N-PPIM2) and in the analyzer how the parameters change. If the load is
too high, an intern alarm in the controller can be activated (undervoltage

alarm) but it will not stop the generator.

. Using the manual control switches, readjust frequency and voltage to obtain
again the desired values (380-400V and 50Hz). It is recommended to use a
hand for each potentiometer.

Unit ref.: AEL-TI- \ Date: May 2018 Pg: 155/ 222




: PRACTICAL EXERCISES MANUAL
Eﬁd | b o

10. You can also add inductive or capacitive loads and see the effects in the

generator parameters. Note that, if the load is too high, the overload and
overcurrent alarm can be activated and the generator will be turned off. In
this case, reset the alarms with the alarms reset button and wait until the

motor-generator group returns to the operation point.

11.0ther interesting protection is activated when the voltage is too high

(overvoltage alarm). You can see it connecting different loads, readjusting
the generator parameters and disconnecting these loads without readjust the
parameters. The amount of load disconnected to produce overvoltage may

depend on the line configuration.

12.1t is possible to change from manual control to automatic control. To do so,

ensure that the voltage is 380V and the frequency is 50 Hz and change the
position of the corresponding switches (manual/automatic speed control and
manual automatic excitation control). During the transfer of control the
turbine and generator may become unstable and any alarm of the controller

trips.

13.Do not forget to carry out the step described in the paragraph °’Shutting

down the application’’ to turn off the unit.
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7.5.2 Practical exercise 2: Stand-alone automatic control of voltage and

frequency of the generator

7.5.2.1 Objective

The objective of this practice is learning how to control automatically
the voltage and frequency of the motor-generator group, using the speed and

voltage controllers.

The user will understand the effect of different loads and how the

controller compensates it.

7.5.2.2 Required elements
e Industrial Power Supply (N-ALIO01)
e Instrumentation Module 1 (N-PPIM2)
e Control and Protection of Turbine-Generator Group Module 1 (N-PPCM1)

e Network Analyzer Unit with Computer Data Acquisition (N-EALD) (1

units)
e Power Generation Substation Module 1 (N-PSUB3)
e 3 x 300 W Three-Phase Configurable resistors Module (N-REFT/3C)
e 3 x 300 VAr Three-Phase Configurable Inductances Module (N-INDT/3C)

e 3 x 300 VAr Three-Phase Configurable Capacitors Module (N-
CAR19T/3C)

e GMG4.5K2PH. 4,5 kW Generator-Motor Group
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7.5.2.3 Procedure

14.Carry out the steps described in the paragraph “’Starting up the

application”’.

1. Carry out the wiring shown in the cable assembly section, ** Stand-alone

configuration wiring’’.

2. The table below shows the final position of the switches placed in the N-

PSUB module and the sequence needed to control automatically the motor-

generator group:

SWITCHES

POSITION

Local/SCADA Control Mode

UP (Local Control Mode)

Manual/Automatic Speed Control

DOWN (Automatic Speed Control)

Manual/Automatic Excitation Control

DOWN (Automatic Excitation Control)

Enable/Disable 52NET

Right (Disable 52NET)

Start/Stop Turbine

Left (Start Turbine)

52G Synchronization Permission

UP

3. A Network Analyzer is connected after the controller to measure the

powers and other parameters delivered to the isolated loads

4. When the pre-established conditions (380-400V and 50Hz) are
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automatically reached, the automatic speed and voltage controller will

closed the circuit breaker and the 52G indicator will be turned on.

. Add some resistive, capacitive and inductive loads to see how it affects to

the generator parameters and how the controller readjusts them.

Note that, if the load is too high, the overload and overcurrent alarm can be
activated and the generator will be turned off. In this case, reset the alarms
with the reset alarms button and wait until the motor returns to the

operation point.

. It is possible to change from automatic control to manual control. Change
the position of the corresponding switches (manual/automatic speed control
and manual automatic excitation control) and control the motor-generator
group manually. But it is very important to know the initial position of the
potentiometers. These potentiometers must be previously set to 50 Hz and
380 VAC.

. Do not forget to carry out the step described in the paragraph ‘’Shutting

down the application’’ to turn off the unit.
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7.5.3 Practical exercise 3: Synchronization operations with the synchronous

generator and the grid

7.5.3.1 Objective

The objective of this practical exercise is to understand the process to
synchronize the motor-generator group with the grid which will receive the
generated power. For this it is necessary to include both the grid transformer

(providing protection to the grid) and the step-up one.

7.5.3.2 Required elements

Industrial Power Supply (N-ALIO1)
e [nstrumentation Module 1 (N-PPIM2)
e Control and Protection of Turbine-Generator Group Module 1 (N-PPCM1)

e Network Analyzer Unit with Computer Data Acquisition (N-EALD) (2

units)
e Power Generation Substation Module 1 (N-PSUB3)

e 5 KW Three-Phase Step-up Transformer (TRANS3/5KSU).

5 KW Three-Phase Grid Transformer (TRANS3/5KGR).

GMG4.5K2PH. 4,5 kW Generator-Motor Group (GMG4.5K3PH)

7.5.3.3 Procedure

1. Carry out the step described in the paragraph “Starting up the .
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2. Carry out the wiring

shown

in the cable assembly section,

Synchronization of the generator with the grid wiring”’.

¢

3. It is possible to synchronize manually or automatically with the grid. In this

practice, we will see the two ways:

Manual synchronization:

4. The table below shows the final position of the switches placed in the N-

PSUB module and the sequence needed to synchronize manually with the

grid:

SWITCHES

POSITION

Enable/Disable 52NET

Left (Enable 52NET)

Local/SCADA Control Mode

UP (Local Control Mode)

Manual/Automatic Speed Control

UP (Manual Speed Control)

Manual/Automatic Excitation Control

UP (Manual Excitation Control)

Start/Stop Turbine

Left (Start Turbine)

52G Synchronization Permission

UP

5. Modify slowly the manual excitation control potentiometer to obtain

approximately 1A of excitation current (see this current in N-PPIM2

module).
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. Increase the frequency turning the manual speed control potentiometer and,
if it is needed, adjust the voltage generated modifying the excitation current.
The aim is to obtain the pre-established conditions in the controller: 380-
400V and 50Hz.After this the circuit breaker will be closed and the 52G

indicator will be turned on.

Note that the controller has a defined time to reach these conditions and it
will activate an alarm if it does not happen (underfrequency alarm). In this
case, press the reset alarms button until the alarm will be deactivated and try

the process again starting from the last potentiometers positions.

. When the pre-established conditions (380-400V and 50Hz) are
approximately reached, go to the synchronoscope window of the controller

and adjust the phase angle of the generator to the phase angle of the mains.

. The generator will synchronize with the grid when the difference between
the phase angles is small enough; the frequencies and voltages are almost

the same.

. Once the synchronization with the grid is done, the active and reactive
power supplied by the generator to the grid can be modified using the
manual control potentiometers. Change these values slowly without exceed

the 0.6kW and 0.2kVar in order to protect the motor-generator group.

10.Two Network Analyzers are included. One is connected downstream of the

step-up transformer and the other is placed upstream of the grid transformer,
to measure both the power generated and delivered to the grid, allowing the
user to find out the losses and the reactive energy caused by the transformers
itself.
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11.Do not forget to carry out the step described in the paragraph °’Shutting

down the application’” to turn off the unit. Note that for uncoupling the

generator in manual mode it is needed to reduce first the active and reactive

power to zero. After this, the 52G Sync. Permission switch can be turned

off.

Automatic synchronization:

12.The table below shows the final position of the switches placed in the N-

PSUB module and the sequence needed to synchronize automatically with

the grid:

SWITCHES

POSITION

Enable/Disable 52NET

Left (Enable 52NET)

Local/SCADA Control Mode

UP (Local Control Mode)

Manual/Automatic Speed Control

DOWN (Automatic Speed Control)

Manual/Automatic Excitation Control

DOWN (Automatic Excitation Control)

Start/Stop Turbine

Left (Start Turbine)

52G Synchronization Permission

UP

13.See how the controller make that the generator reaches the mains conditions

and synchronize with the grid. Once this happens, the controller modifies

the active and reactive powers and establishes them at the pre-defined
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values.

14.Two Network Analyzers are included. One is connected downstream of the
step-up transformer and the other is placed upstream of the grid transformer,
to measure both the power generated and delivered to the grid, allowing the
user to find out the losses and the reactive energy caused by the transformers

itself.

15.Do not forget to carry out the step described in the paragraph “’Shutting
down the application’” to turn off the unit. Note that for uncoupling the

generator in automatic mode it is needed to turn off the Start/Stop turbine
switches and wait up to the generator automatically reduce the active and
reactive powers given to the grid. After this, the 52G circuit breaker will be

turned off and the turbine stops.
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7.5.4 Practical exercise 4: Stand-alone operation with transmission line and

loads.

7.5.4.1 Objective

The objective of this practice is learning and understanding the operation

of a generation system providing power to isolated loads through a transmission

line. A step-up transformer, for the simulation of transport voltage increase, and a

distribution transformer controlled through a voltage regulator, for compensating

line losses and regulating output voltage to the loads, is included.

The user will understand the effects of different loads and configurations

of the transmission line in the generator parameters and how the controller

compensates them; he will be able to obtain the line losses and carry the out

reactive energy compensation needed in real installations through the variable load

banks.

7.5.4.2 Required elements

Industrial Power Supply (N-ALIO1)

Instrumentation Module 1 (N-PPIM2)

Control and Protection of Turbine-Generator Group Module 1 (N-PPCM1)
Power Generation Substation Module 1 (N-PSUB3)

Network Analyzer Unit with Computer Data Acquisition (N-EALD) (2

units)

Transmission Lines Simulation module (N-AEC1D)
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e 3x300 W Three-Phase Configurable resistors Module (N-REFT/3C)
e 3 x 300 VAr Three-Phase Configurable Inductances Module (N-INDT/3C)

e 3 x 300 VAr Three-Phase Configurable Capacitors Module (N-
CAR19T/3C)

e 5 KW Three-Phase Step-up Transformer (TRANS3/5KSU).

e 5 KW Three-Phase Autoransformer with Motor Voltage Regulator
(TRANS3/5KRM).

o GMG4.5K2PH. 4,5 kW Generator-Motor Group (GMG4.5K3PH)

7.5.4.3 Procedure

9. Carry out the step described in the paragraph “’Starting up the application”.

10.Carry out the wiring shown in the cable assembly section ¢ Stand-alone

configuration with transmission line and loads wiring’’.

11.The table below shows the final position of the switches placed in the N-
PSUB module and the sequence needed to control automatically the motor-

generator group:

SWITCHES POSITION

Local/SCADA Control Mode UP (Local Control Mode)

Manual/Automatic Speed Control DOWN (Automatic Speed Control)
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Manual/Automatic Excitation Control

DOWN (Automatic Excitation Control)

Enable/Disable 52NET

Right (Disable 52NET)

Start/Stop Turbine

Left (Start Turbine)

52G Synchronization Permission

UP

12.When the pre-established conditions in the controller (380-400V and 50Hz)

are reached the automatic speed and voltage controller will close the circuit

breaker contactor and the 52G indicator will be turned on. Now add some

resistive, capacitive and inductive loads to see how it affects to the

generator parameters and how the controller readjusts them.

Note that, if the load is too high, the overload and overcurrent alarm can be

activated and the generator will be turned off. In this case, reset the alarms

with the reset alarms button and wait until the motor returns to the

operation point.

13.Two network analyzers are connected upstream and downstream of the

transmission line with the aim of measure the line losses and the final

power delivered to the loads. Modify the position of the jumpers placed in

the transmission line impedances and see how it affects to the losses.

14.Adjust the voltage regulator commutator (UP or DOWN positions) and

check how the voltage and power delivered to the loads change. Adjust it so

the delivered voltage is the pre-established one or the closest possible.

15. After measuring the transmission line output parameters carry out the
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corresponding calculus to find out the load banks that have to be placed to
achieve the measured power factors desired correction (close to the
unity).Play also with the impedances of the transmission line being aware

of the positions where each power factor is measured.

16.The unbalanced load alarm is activated when the difference between the

loads placed in the lines is significant. Try to active this alarm modifying

the jumpers of the lines( phase loss 1,2 and 3).

17.1t is possible to change from automatic control to manual control. Change

the position of the corresponding switches (manual/automatic speed control
and manual automatic excitation control) and control the motor-generator
group manually. But it is very important to know the initial position of the
potentiometers. These potentiometers must be previously set to 50 Hz and
380 VAC.

18.Do not forget to carry out the step described in the paragraph °’Shutting

down the application’’ to turn off the unit.
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7.5.5 Practical exercise 5: Automatic synchronization with the grid along

with transmission line and distributed loads.

7.5.5.1 Objective

The objective of this practice is learning and understanding how to
control a generation system synchronized with the grid and at the same time
delivering power to isolated loads which are distributed through distribution and

coupling busbars to simulate real power switching substations.

The user will understand the effects of different loads and configurations
of the transmission line in the generator parameters, the power consumption and

the power delivered to the grid.

7.5.5.2 Required elements
e Industrial Power Supply (N-ALIO1).
e [nstrumentation Module 1 (N-PPIM2).
e Control and Protection of Turbine-Generator Group Module 1 (N-PPCM1).
e Power Generation Substation Module 1 (N-PSUB3).

e Network Analyzer Unit with Computer Data Acquisition (N-EALD) (2

units).
e Transmission Lines Simulation module (N-AE1CD).
e 3 x300 W Three-Phase Configurable resistors Module (N-REFT/3C).

e 3 x 300 VAr Three-Phase Configurable Inductances Module (N-INDT/3C).
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3 x 300 VAr Three-Phase Configurable Capacitors Module (N-
CAR19T/3C).

5 KW Three-Phase Step-up Transformer (TRANS3/5KSU).

5 KW Three-Phase Autoransformer with Motor Voltage Regulator
(TRANS3/5KRM).

5 KW Three-phase Grid Transformer (TRANS3/5KGR).
Distribution Busbar Module (N-BUSO08).
Coupling Busbar (NBUSO09).

GMG4.5K2PH. 4,5 kW Generator-Motor Group (GMG4.5K3PH).

7.5.5.3 Procedure

Carry out the step described in the paragraph “’Starting up the application”.

Carry out the wiring shown in the cable assembly section, ‘’Synchronization

with the grid along with transmission line and distributed loads wiring’’.

It is possible to synchronize manually or automatically with the grid. In this

practice, we will use the automatical way.

The table below shows the final position of the switches placed in the N-
PSUB module and the sequence needed to synchronize automatically with
the grid:

SWITCHES POSITION
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Enable/Disable 52NET

Left (Enable 52NET)

Local/SCADA Control Mode

UP (Local Control Mode)

Manual/Automatic Speed Control

DOWN (Automatic Speed Control)

Manual/Automatic Excitation Control

DOWN (Automatic Excitation Control)

Start/Stop Turbine

Left (Start Turbine)

52G Synchronization Permission

UP

5. See how the controller makes the generator reach the mains conditions, then

the 52G circuit breaker closes and the green synchronization conditions
indicator turns on, finally synchronizing with the grid. Once this happens,
the controller modifies the active and reactive powers and established them

at the pre-defined values.

. Add some resistive, capacitive and inductive loads to see how it affects to
the generator parameters (check how the controller readjust them) and

consequently the power consumption and the power delivered to the grid.

Note that, if the load is too high, the overload and overcurrent alarm can be
activated and the generator will be turned off. In this case, reset the alarms
with the reset alarms button and wait until the motor returns to the operation

point.

. One network analyzer is connected before the grid transformer to measure
the power delivered to the grid while the other one is placed after the

distribution transformer to measure the total power consumed by the




: PRACTICAL EXERCISES MANUAL
Eﬁd | b o

Unit ref.: AEL-TI- Date: May 2018 Pg: 172/ 222

distributed loads. These strategic locations enable the user to find out other
parameters such as the energy losses through the transmission line or the
required loads to carry out the power factor correction if desired just by

performing corresponding calculus.

8. Adjust the voltage regulator commutator (UP or DOWN positions) and
check how the voltage delivered to the loads change. Adjust it so the

delivered voltage is the pre-established one or the closest possible one.

9. Add some resistive, capacitive and inductive loads to see how it affects to
the generator parameters (check how the controller readjust them) and

consequently the power consumption and the power delivered to the grid.

Note that, if the load is too high, the overload and overcurrent alarm can be
activated and the generator will be turned off. In this case, reset the alarms
with the reset alarms button and wait until the motor returns to the operation

point.

10.Change the arrangement of the loads through distribution and coupling
busbar modules, simulating power switching substations. For this modify in
the state of the disconnectors (82) and circuit breakers (52) of both modules
by pushing OPEN’’ and “CLOSE’’ buttons or through 24 VDC input

signals and perform the desired load distribution.

Take into account that only circuit breakers can work under load so carry
out the appropriate sequences or the module will not let you do so. It is
important to notice that the yellow lights indicate the presence of voltage in

each bus.

11.1t is possible to change from automatic control to manual control. Change
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the position of the corresponding switches (manual/automatic speed control
and manual automatic excitation control) and control the motor-generator
group manually. But it is very important to know the initial position of the

potentiometers. These potentiometers must be previously set to 50 Hz and
380 VAC.

12.Do not forget to carry out the step described in the paragraph “’Shutting
down the application’’ to turn off the unit.
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7.5.6 Practical exercise 6: Digital faults simulation in stand-alone mode.

7.5.6.1 Objective

The objective of this practice is learning how to test the motor-generator
controller back-up protection relays against overcurrents and the signalling alarms
located in this module. For this, a digital fault simulator is included to inject one,
two or three pole faults always in stand-alone operation so the grid cannot be

damaged.

The user will learn different type of faults, the effects of its injection and

how the protections are set for a safe operation of the application.

7.5.6.2 Required elements
¢ Industrial Power Supply (N-ALIO1).
e [nstrumentation Module 1 (N-PPIM2).
e Control and Protection of Turbine-Generator Group Module 1 (N-PPCM1).
e Power Generation Substation Module 1 (N-PSUB3).
e Transmission Lines Simulation module (N-AE1CD).
e 3 x300 W Three-Phase Configurable resistors Module (N-REFT/3C).
e 3 x 300 VAr Three-Phase Configurable Inductances Module (N-INDT/3C).

e 3 x 300 VAr Three-Phase Configurable Capacitors Module (N-
CAR19T/3C).

e 5 KW Three-Phase Step-up Transformer (TRANS3/5KSU).
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5 KW Three-Phase Autoransformer with Motor Voltage Regulator
(TRANS3/5KRM).

Distribution Busbar Module (N-BUSO08).

Coupling Busbar (NBUSO09).

GMG4.5K2PH. 4,5 kW Generator-Motor Group (GMG4.5K3PH).

Digital Fault Simulator Module (N-ERP-MF01).

7.5.6.3 Procedure

1. Carry out the step described in the paragraph “’Starting up the application”.

2. Carry out the wiring shown in the cable assembly section, ** Stand —alone

configuration with transmission line and loads wiring”’.

3. Back-up protections parameters are already set so the students must not vary

its potentiometers:

Back-up protections Level | Hysteresis | Delay

Overcurrent protection | 115% 10% 3s

Inverse power protection | 20% 1% 23

4. The table below shows the final position of the switches placed in the N-
PSUB module and the sequence needed to control automatically the motor-

generator group:
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SWITCHES POSITION
Enable/Disable 52NET Right (Disable 52NET)
Local/SCADA Control Mode UP (Local Control Mode)
Manual/Automatic Speed Control DOWN (Automatic Speed Control)

Manual/Automatic Excitation Control | DOWN (Automatic Excitation Control)

Start/Stop Turbine Left (Start Turbine)

52G Synchronization Permission UP

5. The digital fault simulation module is injected in the primary winding of the

distribution transformer.
6. The three resistive loads must be turned on and consuming power.

7. Set the type of fault to be injected through the module configuration as
explained in the’” Operation’’ section for the N-ERP-MFO01.Play also with

the impedances of the fault line and check its effects.
8. Push the button *’fault injection’’ to start the fault simulation.
9. Check the effect of the fault injection.

10.1f any alarm sets off the application will stop. To restart it push twice the
“’Reset alarms’’ button in the N-PSUB module.

11.Do not forget to carry out the step described in the paragraph ‘’Shutting

down the application’’ to turn off the unit.
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7.5.7 Practical exercise 7: Stand-alone manual control of voltage and

frequency of the generator with SCADA system

7.5.7.1 Objective

The objective of this practice is learning how to control manually the

voltage and frequency of the motor-generator group, using a SCADA system.

The user will understand the effect of different loads in the generator

parameters and how to compensate it modifying the speed and excitation current
from the SCADA.

7.5.7.2 Required elements

Industrial Power Supply (N-ALIO1).
Instrumentation Module 1 (N-PPIM2).
Control and Protection of Turbine-Generator Group Module 1 (N-PPCML1).

Network Analyzer Unit with Computer Data Acquisition (N-EALD) (1

units).
Power Generation Substation Module 3 (N-PSUB3).
Three-Phase Digital Bank of Commutable Resistors (N-CAR35T3D).

Three-Phase Digital Bank of Commutable Inductances Module (N-
CAR36T3D).

Three-Phase Digital Bank of Commutable Capacitances Module (N-
CAR19T3D).
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e GMG4.5K2PH. 4,5 kW Generator-Motor Group (GMG4.5K3PH).

7.5.7.3 Procedure
1. Carry out the step described in the paragraph “Starting up the .

2. Carry out the wiring shown in the cable assembly section, <’ Stand-alone

configuration wiring”’.

3. In the N-PSUB module, select the SCADA control mode.

4. Open the SCADA software and press the Start button, you will see the

following screen.

(@ SMART GRID POWER SYSTEMS v01.00.00

TRANSMISSION LINE

Figure 98: SCADA main screen

5. To record automatically all the data of the processes to be carried out push
the button ’SAVE DATA’’, set the desired time period and select
“START SAVING”’ to create the saving file.

6. Go to the GO TO POWER SUBSTATION"’ and follow the sequence
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shown in this table to control manually the motor-generator group with the

SCADA software:

SWITCHES

POSITION

Manual/Automatic Speed Control

UP (Manual Speed Control)

Manual/Automatic Excitation Control

UP (Manual Excitation Control)

Enable/Disable 52NET

DOWN (Disable 52NET)

Start/Stop Turbine

UP (Start Turbine)

52G Synchronization Permission

UP

7. A Network Analyzer is connected after the controller to measure the power

and other parameters delivered to the isolated loads.

8. When the manual controls are activated, two gaps appear to regulate the

speed and excitation current. Modify the default values to obtain the pre-
established conditions in the controller: 380-400V and 50Hz.

9. When the pre-established conditions (380-400V and 50Hz) are reached, the

automatic speed and voltage controller will closed the circuit breaker

contactor and the 52G indicator will be turned on.
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AC ANALYZERS PALETTE
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e www ediboncom
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Figure 99: Power substation screen

10.Now, add some resistive loads and display in the AC analyzers palette how
the parameters change. If the load is too high, an intern alarm in the

controller can be activated (undervoltage alarm) but it will not stop the

generator.

For example carry out the three steps implementation of the resistive load
banks regarding power and generation voltage. For this go to GO TO
LOADS”’ option and push progressively the corresponding buttons for each
bank.
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ece ] u s ]

RESISTIVE LOADS

TRANGLE COMMECTION.

C ANALYZERS PALETTE

INDUCTIVE LOADS

CAPACITIVE LOADS

Figure 100: Loads screen

11. To see the measurements graph in real time go to "OPEN SIGNAL

WINDOW”’ and select the desired parameters. Check how the measured

power increases with the loads and has transient changes due to the voltage

which is not corrected in manual control mode.

VLIL2-1 (V)
O 1 (Hz)

O PriQ
MP1wy

[ 1 (VAR)
[ s1 (va)

O viiiz-2 v
[ f2(H2)

I P20

[ p2w)

[ @2 (vAR)
[ s2 (va)

(] TURBINE SPEED (rpm)

Figure 101: Three steps implementation of resistive loads with manual control
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12.Using the manual controls, readjust frequency and voltage to obtain again
the desired values (380-400V and 50Hz).

13. You can also add inductive or capacitive loads and see the effects in the
generator parameters. Note that, if the load is too high, the overload and
overcurrent alarm can be activated and the generator will be turned off. In
this case, reset the alarms with the alarms reset button and wait until the

motor returns to the operation point.

14.0Other interesting protection is activated when the voltage is too high
(overvoltage alarm). You can see it connecting different loads, readjusting
the generator parameters and disconnecting these loads without readjust the
parameters. The amount of load disconnected to produce overvoltage

depends on the line configuration and the current excitation.

15.1t is possible to change from manual control to automatic control. To do
this, ensure that the voltage is 380V and the frequency is 50 Hz and change
the position of the corresponding switches (manual/automatic speed control

and manual automatic excitation control).

16.Do not forget to carry out the step described in the paragraph °’Shutting

down the application”’ to turn off the unit.
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7.5.8 Practical exercise 8: Stand-alone automatic control of voltage and

frequency of the generator with SCADA system

7.5.8.1 Objective

The objective of this practice is learning how to control automatically

the voltage and frequency of the motor-generator group, using and speed and

voltage controller.

The user will understand the effect of different loads in the generator

parameters and how the controller compensates it modifying the speed and

excitation current in remote mode.

7.5.8.2 Required elements

Industrial Power Supply (N-ALIO1).
Instrumentation Module 1 (N-PPIM2).
Control and Protection of Turbine-Generator Group Module 1 (N-PPCML1).

Network Analyzer Unit with Computer Data Acquisition (N-EALD) (1

units)
Power Generation Substation Module 3 (N-PSUB3).
Three-Phase Digital Bank of Commutable Resistors (N-CAR35T3D).

Three-Phase Digital Bank of Commutable Inductances Module (N-
CAR36T3D).

Three-Phase Digital Bank of Commutable Capacitances Module (N-
CAR19T3D).

Unit ref.: AEL-TI- Date: May 2018 Pg: 183/ 222
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e GMG4.5K2PH. 4,5 Kw Generator-Motor Group (GMG4.5K3PH).

7.5.8.3 Procedure

1. Carry out the step described in the paragraph “’Starting up the application”.

2. Carry out the wiring described in the cable assembly section,”” Stand-alone

configuration wiring”’.

3. In the N-PSUB module, select the SCADA control mode.

4. Open the SCADA software and press the Start button, you will see the

following screen.

(@ SMART GRID POWER SYSTEMS v01.00.00

SMART GRID POWER SYSTEMS

POWER SUBSTATION i : TRANSMISSION LINE

Figure 102: SCADA main screen

5. Go to > GO TO POWER SUBSTATION’ ‘and follow the sequence shows
in this table to control automatically the motor-generator group with the

SCADA software:
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SWITCHES

POSITION

Manual/Automatic Speed Control

DOWN (Automatic Speed Control)

Manual/Automatic Excitation Control

DOWN (Automatic Excitation Control)

Enable/Disable 52NET

DOWN (Disable 52NET)

Start/Stop Turbine

UP (Start Turbine)

52G Synchronization Permission

UP

6. A network analyzer is connected after the controller to measure the powers

and other parameters delivered to the isolated loads.

7. When the pre-established conditions (380-400V and 50Hz) are reached, the

automatic speed and voltage controller will close the circuit breaker

contactor and the 52G indicator will be turned on.
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Figure 103: Power substation screen

8. To see the real time measurements graph go to “OPEN SIGNAL
WINDOW?*’ and select the desired parameters. Check how the voltage and

frequency change with time until reaching the operating conditions.

Signal vs Time Graph | Phasor Diagram | |
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Figure 104: Voltage and frequency parameters during automatic control of the generator

9. Add some resistive, capacitive or inductive loads to see how it affects to the

generator parameters and how the controller readjusts them.

For example carry out a three step implementation of the resistive loads.
Check how the controller continuously corrects voltage and frequency

providing a smoother power until loads are disconnected again.
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Figure 105: Three steps implementation of resistive loads with automatic control

10.Include one or more bank of inductances to see the effects in the generator
parameters. For this go to > GO TO LOADS ¢’ and push the buttons for the
desired inductances. Check how reactive power shows up, lowering the
power factor, which can also be seen selecting the phasor diagram option in
the °OPEN SIGNALS WINDOW”’.

Signal vs Time Graph | Phasor Diagram
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Figure 106: Effect of inductances in active and reactive powers.
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Signal vs Time Graph Phasor Diagram
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Figure 107: Phasor diagram of powers

11.Note that, if the load is too high, the overload and overcurrent alarm can be
activated and the generator will be turned off. In this case, reset the alarms
with the alarms reset button and wait until the motor returns to the operation

point.

12.1t is possible to change from automatic control to manual control. Change
the position of the corresponding switches (manual/automatic speed control
and manual automatic excitation control) and control the motor-generator

group manually.

13.Do not forget to carry out the step described in the paragraph °’Shutting
down the application’’ to turn off the unit.
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7.5.9 Practical exercise 9: Automatic synchronization operations with the

synchronous generator and the grid with SCADA system.

7.5.9.1 Objective

The objective of this practical exercise is to understand the process to

synchronize the motor-generator group with the grid by means of the SCADA

system.

7.5.9.2 Required elements
e Industrial Power Supply (N-ALIO01)

e [nstrumentation Module 1 (N-PPIM2)

e Control and Protection of Turbine-Generator Group Module 1 (N-PPCM1)

e Network Analyzer Unit with Computer Data Acquisition (N-EALD) (2

units)
e Power Generation Substation Module 1 (N-PSUB3)

e 5 KW Three-Phase Step-up Transformer (TRANS3/5KSU).

5 KW Three-Phase Grid Transformer (TRANS3/5KGR).

GMG4.5K2PH. 4,5 kW Generator-Motor Group (GMG4.5K3PH)

7.5.9.3 Procedure
1. Carry out the step described in the paragraph “Starting up the ”.

2. Carry out the wiring shown in the cable assembly section,

¢
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Synchronization of the generator with the grid wiring”’.

3. Inthe N-PSUB module, select the SCADA control mode.

4. Open the SCADA software and press the Start button, you will see the

following screen.

(@ SMART GRID POWER SYSTEMS V01,0000

sssss

POWER SUBSTATION : TRANSMISSION LINE

e

BLaVEW

Figure 108: SCADA main screen

5. Go to GO TO POWER SUBSTATION’¢ and follow the sequence
shown in this table to synchronize automatically the motor-generator

group using the SCADA software:

SWITCHES POSITION
Enable/Disable 52NET UP (Enable 52NET)
Manual/Automatic Speed Control DOWN (Automatic Speed Control)
Manual/Automatic Excitation Control | DOWN (Automatic Excitation Control)
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Start/Stop Turbine

UP (Start Turbine)

52G Synchronization Permission

UP

6. See how the controller makes the generator reach the mains conditions,

then the 52G circuit breaker closes and the green synchronization

conditions indicator turns on, finally synchronizing with the grid. Once

this happens, the controller modifies the active and reactive powers and

established them at the pre-defined values. To see the transient status of

the 52G circuit breaker select it in the ’Signal vs Time Graph’ and

multiply the signal factor by 1000 so it is visible together with the other

parameters.

|AC ANALYZERS PALETTE

Figure 109: Power substation screen
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Figure 110: Synchronization process with 52G status in orange.

7. Two Network Analyzers are included. One is connected downstream of
the step-up transformer and the other is placed upstream of the grid
transformer, to measure both the generated and delivered power to the
grid, being noticeable the losses and the reactive energy caused by the
transformers itself. Go to “OPEN SIGNAL WINDOWS”’ and select
the real time parameters you want to check.

Owiza v
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O pFiQ
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Figure 111: Measurement of both active and reactive power by both analyzers.
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8. To see the measurements of the losses between analyzers go to > GO
TO TRANSMISSION LINE’’. In the lower box it is shown the
difference among measured powers and among measured voltages.
Remind that the position of the analyzers only depends of the real
wiring.

@ ransmasson une

TRANSMISSION LINE

edioy

Figure 112: Transmission line screen

9. Do not forget to carry out the step described in the paragraph °’Shutting

down the application’” to turn off the unit. Note that for uncoupling the

generator in automatic mode it is needed to turn off the Start/Stop turbine
switches and wait up to the generator automatically reduce the active and
reactive powers given to the grid. After this, the 52G circuit breaker will be

turned off and the turbine stops.

10. The synchronization with the grid can be also done through manual control.
For this the user must select “MANUAL SPEED CONTROL’’ and
“MANUAL EXCITATION CONTROL”’ in the power substation screen.

Modify the values of the gaps until reaching the pre-established conditions
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(3800-400V, 50Hz), the 52G indicator will turn on, and go to the
synchronoscope window of the controller and adjust the phase angle of the
generator to the phase angle of the mains. The generator will synchronize

with the grid when the difference between the phase angles is small enough.
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7.5.10Practical exercise 10: Stand-alone operation with transmission line and

loads with SCADA system.

7.5.10.1 Objective

The objective of this practice is learning and understanding the operation

controlled from the SCADA of a generation system providing power to isolated

loads through a transmission line through. A step-up transformer, for the

simulation of transport voltage increase, and a distribution transformer controlled

through a voltage regulator, for compensating line losses and regulating output

voltage to the loads, is included.

The user will understand the effects of different loads and configurations

of the transmission line in the generator parameters and how the controller

compensates them; he will be able to obtain the line losses and carry the out

reactive energy compensation needed in real installations through the variable load

banks.

7.5.10.2 Required elements

Industrial Power Supply (N-ALIO1)

Instrumentation Module 1 (N-PPIM2)

Control and Protection of Turbine-Generator Group Module 1 (N-PPCM1)
Power Generation Substation Module 1 (N-PSUB3)

Network Analyzer Unit with Computer Data Acquisition (N-EALD) (2

units)

Transmission Lines Simulation module (N-AEC1D)
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e 3x300 W Three-Phase Configurable resistors Module (N-REFT/3C)
e 3 x 300 VAr Three-Phase Configurable Inductances Module (N-INDT/3C)

e 3 x 300 VAr Three-Phase Configurable Capacitors Module (N-
CAR19T/3C)

e 5 KW Three-Phase Step-up Transformer (TRANS3/5KSU).

e 5 KW Three-Phase Autoransformer with Motor Voltage Regulator
(TRANS3/5KRM).

o GMG4.5K2PH. 4,5 kW Generator-Motor Group (GMG4.5K3PH)

7.5.10.3  Procedure
15. Carry out the step described in the paragraph “Starting up the .

16. Carry out the wiring shown in the cable assembly section, > Stand-alone

configuration with transmission line and loads wiring’’.

17. In the N-PSUB module, select the SCADA control mode.

18. Open the SCADA software and press the Start button, you will see the

following screen.
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SMART GRID POWER SYSTEMS

POWER SUBSTATION i TRANSMISSION LINE

Figure 113: SCADA main screen

1. Go to © GO TO POWER SUBSTATION’¢ and follow the sequence

shown in this table:

SWITCHES POSITION
Enable/Disable 52NET DOWN (Disable 52NET)
Manual/Automatic Speed Control DOWN (Automatic Speed Control)

Manual/Automatic Excitation Control | DOWN (Automatic Excitation Control)

Start/Stop Turbine UP (Start Turbine)

52G Synchronization Permission UP
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19.When the pre-established conditions in the controller (380-400V and 50Hz)
are reached the automatic speed and voltage controller will close the circuit
breaker contactor and the 52G indicator will be turned on. Now add some
resistive, capacitive and inductive loads to see how it affects to the

generator parameters and how the controller readjusts them.

edibs

9 v edboncom

BLaVEW

Figure 114: Power substation screen

Note that, if the load is too high, the overload and overcurrent alarm can be
activated and the generator will be turned off. In this case, reset the alarms
with the reset alarms button and wait until the motor returns to the

operation point.

20.Two network analyzers are connected upstream and downstream of the
transmission line with the aim of measure the line losses and the final

power delivered to the loads.

21.Modify the position of the jumpers placed in the transmission line

impedances and see how it affects to the power and voltage losses. For this
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go to GO TO TRANSMISSION LINE’’ and check the analyzers palette

where the difference between both of them is shown.

Figure 115: Transmission line screen

22.Adjust the voltage regulator commutator and check how the voltage and
power delivered to the loads change. Adjust it so the delivered voltage is
the pre-established one or the closest possible. For this go to “"OPEN
DISTRIBUTION TRANSFORMER’’ and press °UP > or “DOWN"’ to

increase or decrease the delivered voltage.
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Figure 116: Voltage regulator screen for the regulating transformer control

23.The unbalanced load alarm is activated when the difference between the
loads placed in the lines is significant. Try to active this alarm modifying

the jumpers of the lines (phase loss 1, 2 and 3).

24.After measuring the transmission line output parameters add some more
inductive loads and carry out the corresponding calculus to find out the
load banks that have to be placed to achieve the desired power factors
correction (close to the unity).Play also with the impedances of the
transmission line being aware of the positions where each power factor is
measured. Check the real time power factor correction through “OPEN

SIGNALS WINDOW”’ screen.
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Figure 114: Power factor correction

25.1t is possible to change from automatic control to manual control. Change

the position of the corresponding switches (manual/automatic speed control

and manual automatic excitation control) and control the motor-generator

group manually. But it is very important to know the initial position of the

potentiometers. These potentiometers must be previously set to 50 Hz and

380 VAC.

26.Do not forget to carry out the step described in the paragraph ’Shutting

down the application’’ to turn off the unit.
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7.5.11Practical exercise 11: Automatic synchronization with the grid along

with transmission line and distributed loads with SCADA system.

75111 Objective

The objective of this practice is learning and understanding how to
control a generation system synchronized with the grid and at the same time
delivering power to isolated loads which are distributed through distribution and
coupling busbars to simulate real power switching substations, all this through the
SCADA system.

The user will understand the effects of different loads and configurations
of the transmission line in the generator parameters, the power consumption and

the power delivered to the grid.

7.5.11.2 Required elements
e Industrial Power Supply (N-ALIO1).
e [nstrumentation Module 1 (N-PPIM2).
e Control and Protection of Turbine-Generator Group Module 1 (N-PPCM1).
e Power Generation Substation Module 1 (N-PSUB3).

e Network Analyzer Unit with Computer Data Acquisition (N-EALD) (2

units).
e Transmission Lines Simulation module (N-AE1CD).
e 3 x300 W Three-Phase Configurable resistors Module (N-REFT/3C).

e 3 x 300 VAr Three-Phase Configurable Inductances Module (N-INDT/3C).
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3 x 300 VAr Three-Phase Configurable Capacitors Module (N-
CAR19T/3C).

e 5 KW Three-Phase Step-up Transformer (TRANS3/5KSU).

e 5 KW Three-Phase Autoransformer with Motor Voltage Regulator
(TRANS3/5KRM).

e 5 KW Three-phase Grid Transformer (TRANS3/5KGR).
e Distribution Busbar Module (N-BUSO08).
e Coupling Busbar (NBUS09).

e GMG4.5K2PH. 4,5 kW Generator-Motor Group (GMG4.5K3PH).

7.5.11.3 Procedure

19.Carry out the step described in the paragraph “Starting up the .

(4

20.Carry out the wiring shown in the cable assembly section,

Synchronization with the grid along with transmission line and distributed

loads wiring’’

21.1n the N-PSUB module, select the SCADA control mode.

22.0pen the SCADA software and press the Start button, you will see the

following screen.
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(@ SMART GRID POWER SYSTEMS v01.00.00

SMART GRID POWER SYSTEMS

TRANSMISSION LINE

Figure 115: SCADA main screen

2. Go to ©° GO TO POWER SUBSTATION’¢ and follow the sequence

shown in this table:

SWITCHES POSITION
Enable/Disable 52NET UP (Enable 52NET)
Manual/Automatic Speed Control DOWN (Automatic Speed Control)

Manual/Automatic Excitation Control | DOWN (Automatic Excitation Control)

Start/Stop Turbine UP (Start Turbine)

52G Synchronization Permission UP

1. See how the controller makes the generator reach the mains conditions, then
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the 52G circuit breaker closes and the green synchronization conditions
indicator turns on, finally synchronizing with the grid. Once this happens,
the controller modifies the active and reactive powers and established them

at the pre-defined values.

[AC ANALYZERS PALETTE

Figure 116: Power substation screen

2. One network analyzer is connected before the grid transformer to measure
the power delivered to the grid while the other one is placed after the
distribution transformer to measure the total power consumed by the
distributed loads.

23. Add some resistive, capacitive and inductive loads for power consumption
to see how it affects to the generator parameters (check how the controller
readjusts them) and consequently to the power consumption and the power
delivered to the grid.

Note that, if the load is too high, the overload and overcurrent alarm can be

activated and the generator will be turned off. In this case, reset the alarms
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with the reset alarms button and wait until the motor returns to the

operation point.

(C ANALYZERS PALETTE

OPEN DISTRIBUTION

) v edivon com

BLaVEW

Figure 117: Effects of adding loads to delivered to grid and generated powers

24.. These strategic locations of the analyzers enable the user to find out other
parameters such as the energy losses or voltage drop through the
transmission line or the required loads to carry out the power factor
correction if desired just by performing corresponding calculus. Go to “’GO
TO TRANSMISSION LINE” to check the differences between the

analyzers measurements in the analyzers palette.
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C ANALYZERS PALITTE

Figure 118: Transmission line screen

25.Adjust the voltage regulator commutator (UP or DOWN positions) and
check how the voltage delivered to the loads change. Adjust it so the

delivered voltage is the pre-established one or the closest possible one.

edib

B abvIEW
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Figure 119: Voltage regulator screen for regulating transformer control

26.Change the arrangement of the loads through distribution and coupling
busbar modules, simulating power switching substations. For this modify in
the state of the disconnectors (82) and circuit breakers (52) of both modules
by pushing °OPEN’’ and “’CLOSE’’ buttons or through 24 VDC input

signals and perform the desired load distribution.

Take into account that only circuit breakers can work under load so carry
out the appropriate sequences or the module will not let you do so. It is
important to note that the yellow lights indicate the presence of voltage in

each bus.

AC ANALYZERS PALETTE

Figure 120: Example of load distribution in the distribution screen

27.1t is possible to change from automatic control to manual control. Change
the position of the corresponding switches (manual/automatic speed control
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and manual automatic excitation control) and control the motor-generator
group manually. But it is very important to know the initial position of the
potentiometers. These potentiometers must be previously set to 50 Hz and

380 VAC.

28.Do not forget to carry out the step described in the paragraph °’Shutting

down the application’’ to turn off the unit.
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7.5.12Practical exercise 12: Digital faults simulation in stand-alone modewith
SCADA system.

7.5.12.1 Objective

The objective of this practice is learning how to test the motor-generator
controller back-up protection relays against overcurrents and the signalling alarms
located in this module through the SCADA system.For this, a digital fault
simulator is included to inject one, two or three pole faults always in stand-alone

operation so the grid cannot be damaged.

The user will learn different type of faults, the effects of its injection and

how the protections are set for a safe operation of the application.

7.5.12.2 Required elements
e Industrial Power Supply (N-ALIO1).
e [nstrumentation Module 1 (N-PPIM2).
e Control and Protection of Turbine-Generator Group Module 1 (N-PPCM1).
e Power Generation Substation Module 1 (N-PSUB3).
e Transmission Lines Simulation module (N-AE1CD).
e 3 x 300 W Three-Phase Configurable resistors Module (N-REFT/3C).
e 3 x 300 VAr Three-Phase Configurable Inductances Module (N-INDT/3C).

e 3 x 300 VAr Three-Phase Configurable Capacitors Module (N-
CAR19T/3C).
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e 5 KW Three-Phase Step-up Transformer (TRANS3/5KSU).

e 5 KW Three-Phase Autoransformer with Motor Voltage Regulator
(TRANS3/5KRM).

e Distribution Busbar Module (N-BUSO08).
e Coupling Busbar (NBUS09).
e GMG4.5K2PH. 4,5 kW Generator-Motor Group (GMG4.5K3PH).

e Digital Fault Simulator Module (N-ERP-MFO01).

7.5.12.3 Procedure
29.Carry out the step described in the paragraph “Starting up the .

30.Carry out the wiring shown in the cable assembly section, ‘* Stand —alone

configuration with transmission line and loads wiring”’.

31.In the N-PSUB module, select the SCADA control mode.

32.0pen the SCADA software and press the Start button, you will see the

following screen.
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(@ SMART GRID POWER SYSTEMS v01.00.00

SMART GRID POWER SYSTEMS

TRANSMISSION LINE

Figure 121: SCADA main screen

3. Go to © GO TO POWER SUBSTATION’ and follow the sequence

shown in this table:

SWITCHES POSITION
Enable/Disable 52NET DOWN (Disable 52NET)
Manual/Automatic Speed Control DOWN (Automatic Speed Control)

Manual/Automatic Excitation Control | DOWN (Automatic Excitation Control)

Start/Stop Turbine UP (Start Turbine)

52G Synchronization Permission UP

33.Back-up protections parameters are already set so the students must not vary
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its potentiometers:

Back-up protections Level | Hysteresis | Delay

Overcurrent protection | 115% 10% 3s

Inverse power protection | 20% 1% 2S

34.The location of the fault injection is assumed to be in the primary winding

of the distribution transformer.

35.Turn on the resistive loads for power consumption. For this go to ©> GO TO

LOADS’’ and press the switches for resistive loads.

edibs
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Figure 122: Loads screen

36.Set the type of fault to be injected through the module configuration as
explained in the’” Operation’’ section for the N-ERP-MFO01.1t has to be set




. PRACTICAL EXERCISES MANUAL
cdine

Unit ref.: AEL-TI- . Date: May 2018 Pg: 214/ 222

in the hardware ( real wiring), not possible through the SCADA system.
Play also with the impedances of the fault lines to check its effects

afterwards.

37.To inject the fault go to “OPEN FAULTS”’ and select”’ FAULT
INJECTION"".

SMART GRID POWER SYSTEMS

FAULT INJECTION
FAULT O

~

INDUCTIVE LOADS

CAPACITIVE LOADS

POWER SUBSTATION i TRANSMISSION LINE

Figure 123: Faults screen

38.Check the effect of the fault injection.
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9 SIGNALS WINDOW
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Figure 124: One pole fault with no impedance
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Signal vs Time Graph
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Figure 125: One pole fault with impedance
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Figure 126: Two pole fault with half impedance
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Figure 127: Three pole fault with impedance

39.When overcurrent or any other alarm sets off the application will stop. To

restart it push twice the “’Reset alarms’’ button in the N-PSUB module.
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40.Do not forget to carry out the step described in the paragraph °’Shutting

down the application’’to turn off the unit.




. PRACTICAL EXERCISES MANUAL
@d I b 5

Unit ref.: AEL-TI- Date: May 2018 Pg: 218/ 222

7.6 APPENDICES

7.6.1 Appendix 1: Stand-alone configuration

Loads
e e
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7.6.2 Appendix 2: Synchronization of the generator with the grid
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7.6.3 Appendix 3: Stand-alone configuration along with transmission line and

loads
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7.6.4 Appendix 4: Synchronization with the grid along with transmission line
and distributed loads.
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