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Introduction

Modern electro technical progress now is
determinable wherewith developing and initiating
safe and economical alternating current electrical
equipment is simply maintenance.
The UNITROL 1000-15 is an Automatic Voltage
Regulator of the latest design for synchronous
generators and synchronous motors. The
implementation of the most advanced
microprocessor technology together with IGBT
semiconductors enables it to be used in a wide
range of applications.
The maximum output current is 15 A and the
power input can be from an AC or DC source.
The UNITROL 1000-15 has all the elements of
excitation control built inside. A powerful signal
processor running extensive control software
guarantees excellent performance under all
conditions. The chopper type power stage, which
can be supplied from an AC or DC power source,
enables the use in varied applications. The front
panel serves for easy monitoring and configuring.
The robust mechanical design guarantees a high
reliability. The applications shown here are
typical examples.
The UNITROL 1000 standard functions are:

* Voltage regulator with PID control algorithm;

* Cos ¢ regulator with PID control algorithm;

* Reactive power regulator with PID control
algorithm;

* Excitation current regulator (manual control)
with PI control algorithm;

* Internal digital reference values;

* Bumpless changeover for all modes of
operation;

* Soft-start function;

* Reactive current droop for network operation;

* Reactive power sharing between parallel
machines by RS 485 bus;

* Modbus serial communication;

* Volts-per-Hertz limiter;

» Minimum excitation current limiter;

* Three-step delayed maximum excitation
current limiter (temperature dependent);
* Reactive current limiter as a function of active

power (P/Q);

* Stator voltage limiter;

e Stator current limiter (temperature
dependent);

* Master/Slave reactive power sharing;

* Undervoltage detection to activate external
current boost for short circuit support;

* Open-loop control of output voltage for test
purposes;

* Built-in step test function;

* Stand-by mode for redundant backup channel
system;

* Alarm and Trip signals.

Att.1. lerosmes Sunt&Sana.
Fig.1. Shunt excitation with optional
short circuit support.

All of the parameter settings for the UNITROL
1000 it is allow following how the changing of a
parameter affects the overall behavior of the
regulator by referring to the power chart and the
oscilloscope function. This means, that the
optimum settings are found within a short time.

The single-channel solution, with all the
necessary components installed on a mounting
plate, is frequently used for the excitation of
smaller synchronous machines, e.g. generators
that are driven by hydro turbine or by a diesel



engine. This is also a commonly used solution for
motor excitation.

Att.2. Atsevisko kanalu sist€ma.
Fig.2. Single-channel system.
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Att.3. Unitrol 1000 ievadi.
Fig.3. The Unitrol 1000 inputs.

The UNITROL 1000-15 is equipped with flexible
interfaces:

- 4 digital inputs, 4 digital outputs (or inputs), 3
analog inputs, 2 analog outputs.
The four digital outputs can be individually
redefined as digital inputs. An RS 232 serial
interface is used for PC connection. An RS 485
link is used for Modbus serial communication or
for reactive power sharing where two or more
generators or motors are connected in parallel. A
CAN bus is for controlling local extension
devices.
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Att.4. Unitrol 1000 elektrisk;a kéde.
Fig.4. The Unitrol 1000 circuit.

The automatic synchronization and paralleling of
the synchronous machine with the line is
achieved using the optional integrated
synchronizing function. By settings a few simple
parameters the Unitroll 1000 supplies the
corresponding control signals for the speed
governor and close the circuit breaker is released
if all conditions are fulfilled.

To show serviceability of the exciting generator
model we shall lead carry out the analysis of a
synchronization regime with an infinite power
network.

- Sync Diagram

| Close

Frequency/Voltage:
10,0
8,0
8,0
4,0
2,0

0,0
2,0
4,0
4,0
8,0

s e e e e
0,8 -06 -0,4 -0,2 00 02 04

Att.5. Unitrol 1000 sinhronizacijas
diagramma.
Fig.5. The Unitrol 1000 sync Diagram.

On picture number 5 are given the Unitrol 1000
synchronization diagram program visualization
results, where can see cases of coming into a
synchronous work are resulted at a deviation from
synchronization conditions.

On picture number 6 are given the Unitrol 1000
synchronization measurements program
visualization results.

To show emergency conditions of the exciting
generator model we shall lead carry out the
analysis of a synchronization regime with an
infinite power network.
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Att.6. Unitrol 1000 mériSanas lielumi.
Fig.6. The Unitrol 1000 sync measurements.

At the fig. 7 — 9 are given results for normal cases
of coming into a synchronous work are resulted at
a deviation from synchronization conditions
generator-network, generator-load 2,2 A and
generator- double as much load 4,4A.
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Att.7. Sinhronizacijas rezultati
gadijumam generators-tikls.
Fig.7. Results for cases of coming into a
synchronous work are resulted at a
deviation from synchronization

At the fig. 10 — 12 are given results for
emergency situation’s cases of coming into a
synchronous work are resulted at a deviation from
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Att.8. Sinhronizacijas rezultati gadjjumam
generators-slodze.
Fig.8. Results for cases of coming into a
synchronous work are resulted at a deviation from
synchronization conditions generator-load.
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Att.8. Sinhronizacijas rezultati gadijumam
generators - dubulta slodze.

Fig.9. Results for cases of coming into a
synchronous work are resulted at a deviation from
synchronization conditions generator- double as
much load.

synchronization conditions generator-network,
generator-load and  generator-load, = when
generator was initiated into engine conditions.
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Att.10. Matematiskas modeles sinhronizacijas rezultati gadijumiem generators — tikls,
(nepartraukta Iinija) un generators - slodze (10A)(partraukta linija).
Fig.10. Results for cases of coming into a synchronous work are resulted at a deviation from
synchronization conditions generator-network (line type) and generator-load (10A), (hidden line type).
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Att.11. Matematiskas modeles sinhronizacijas rezultati gadijumiem generators -slodze (5A),
kad generators dzineja rezima.
Fig.11. Results for cases of coming into a synchronous work are resulted at a deviation from
synchronization conditions generator- load (5A), when generator was initiated into engine
conditions.
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Att.12. Matematiskas modeles sinhronizacijas rezultati gadijumiem generators -slodze (6A), kad
generators dzingja rezima.
Fig.12. Results for cases of coming into a synchronous work are resulted at a deviation from
synchronization conditions generator-load (6A), when generator was initiated into engine
conditions.

CONCLUSIONS

On the Unitrol’s basis there is possible to define
synchronization conditions of generator. To
determine possible deviation limits on rotation
frequency and mismatch corner of exact
synchronization. It is easy to follow how the
changing of a parameter affects the overall
behavior of the regulator by referring to the
power chart and the oscilloscope function. This
means, that the optimum settings are found within
a short time. The applied model has shown the
serviceability. Also the device allows comparing
the networks and generators currents and voltage
in the real time.Four signals can be selected for
graphic display parameter files and graphs can be
saved in numerical form for later analysis the
resolution of mismatch corner dependence from
time.

The Unitrol 1000 make possible to control,
analyze and compare theoretical current, power,
mismatch corner results which was received from
mathematical models and all components’
practical results. It gives possible to check is the
the oscilloscope is 50 ms, and a total of 20
channels are recorded.

At the publication was disclose results for
emergency situation’s cases of coming into a
synchronous work are resulted at a deviation from
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Ketnere E., Berzina K., Mesnajevs A., Orlovskis G.
The research of stability of synchronization process
with UNITROL 1000 application.

UNITROL 1000 is an automatic voltage regulator of
the latest design for synchronous generators and
synchronous motors. The unit contains the most
advanced microprocessor technology together with
IGBT semiconductor technology (Insulated Gate
Bipolar Transistor). In article is considered the
problem of synchronization conditions execution on
the synchronous generator with an infinite power
network with UNITROL 1000 system application. All
of the parameter settings for the UNITROL 1000 it is
allow following how the changing of a parameter
affects the overall behavior of the regulator by
referring to the power chart and the oscilloscope
function. This means, that the optimum settings are
found within a short time.

On the Unitrol’s basis there is possible to define
synchronization conditions of generator. To determine
possible deviation limits on rotation frequency and
mismatch corner of exact synchronization.

At the publication are given results for normal cases of
coming into a synchronous work are resulted at a
deviation from synchronization conditions generator-
network, generator-load, generator- double as much
load and emergency situation’s events, when
synchronous generator was  initiate into engine
conditions.

Ketnere E., Berzina K., Mesnajevs A., Orlovskis G.
Sinhronizacijas procesa stabilitates izpéte izmantojot
UNITROL 1000.
UNITROL 1000
generatoru  un

ir jaunas paaudzes sinhrono
sinhrono  masinu  automatiskais

sprieguma regulators. Raksta apskatits sprieguma
regulators ietver sevi pusvaditaju mikroprocesoru
tehnologiju, ka ari tika aprakstits sinhrono generatoru
sinhronizacijas process ar UNITROL 1000 iekartas
palidzibu.

Doto iekartu iespéjas lauj sekot generatoru un tiklu
parametru izmainam ka sinhronizacijas momenta, ta
art  uzdotd laika perioda. lekarta ir integrétas
oscilografa funkcijas.

Ar UNITROL 1000 iekartas palidzibu var noteikt
generatoru sinhronizdacijas apstakjus. Ir iespejams
noteikt novirzisanas robezas rotéSanas frekvencei un
sinhronizdcijas lenka nobidei.

Raksta ir vizualizéti un apskatiti sinhrono generatoru
ar tiklu, sinhrono generatoru ar slodzi un sinhrono
generatoru ar dubulto slodzi sinhronizacijas rezultati.
levietoti ari sinhronizacijas avarijas rezimu vizualizeti
dati.

Simuldcijas  rezultati  paradija,  ka  izpétita
kogenerdcijas sistema strada korekti zema sprieguma
sistema.

Kemmnepe E., bepzuna K., Mecnsee A., Opnoeckuii I.
Hccneoosanue ycmoituueocmu npouyecca
cunxponuzauyuu c ucnonvzosanuem UNITROL 1000.
UNITROL 1000  saeisemca  asmomamuiecKum
pezyamopom HanpsNCceHus ons
YCOBEPULEHCMBOBAHHBIX Mooeneti CUHXPOHHBIX
2enepamopos u CUHXPOHHbIX MAUWUH.
Paccmampusaemulii 06pazey pecyramopa exkaodaem 6
cebsi 6CMPOEHHYI0 MUKPONPOYECCOPHYIO MEHHONIO02UIO
Ha NOIYNPOBOOHUKOBOM 6A3080M dNeMeHMme.

B cmamve paccmompena npobnema evinoamnenus
YCNOBUTI CUHXPOHUZAYUU CUHXPOHHO20 2eHepamopd C
cemvl0  OECKOHeYHOU  MOWHOCMU Npu  NOMOWU
UNITROL 1000. Ilapamempol dannoeo 060pyoosanus
nO360NAIOM  Cle0Umb 3 USMEHEHUAMU — OAHHbIX
2enepamopa u cemu Kak 6 MOMEHW CUHXPOHU3AYUU
maxk u 8 onpeoeieHHvlll 3a0AHHLIL NePUod BPEMEHU.
UNITROL 1000 umeem 6cmpoenuyo  @QyHKyuio

ocyunoepaga.

Ilpu nomowu npoepamnozo obecneuenus UNITROL
1000  so3mpoicno  noayuums  HOMHYIO  KAPMUHY
CUHXPOHU3AYUU — 2eHepamopa: HOAYYUMb  OAHHblE

OMKIIOHEHUsL Y2lla 8PAUECHUSL.
UNITROL 1000 oaem 603M0ACHOCHb NOYUUND MOKU
U HANPAJICEHU. Cemu U 2eHepamopa 6 pealbHOM

BPEMEHU.
B cmamve susyalusuposanvl U I’lpeOOCWZCIBJZEHbl
pe3yibmamaol CUHXPpOHU3aAYUU CUHXPOHHO2O

2enepamopa  2eHepamopa ¢ Cemvio, 2eHepamopa ¢
Hacpy3Koll, eeHepamopa ¢ Y0s8oeHnou Haepyskou. Tax
Jlce  nmpedocmagienvl  pe3yibmamvl  A8APUUHBIX
PENCUMOB CUHXPOHUZAYUU.



