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Generaattorin synkronointi verkkoon on monen muuttujan prosessi,
jossa moni asia voi epaonnistua. Taman lopputyén aiheena on tehda
tekninen ohje, jossa kerrotaan, miten ABB:n REX640 releen synkronoin-
tilohkot konfiguroidaan ja miten ne voidaan toisiokoestaa Omicron-
koestuslaitteella.

Tyon teoriaosassa selitetéaan, mita synkronointi on ja mita siihen tarvi-
taan. Seuraavaksi kaydaan lapi, miten rele ohjaa generaattorin janni-
tetta ja taajuutta. Lisaksi on kerrottu releen synkronointilohkojen toi-
minnallisuutta ja kayttéa. Myods koestuksessa kaytetyt tyokalut on esi-
telty.

Tydssa on tarkasteltu olemassa olevia reledokumentaatioita, joiden poh-
jalta luotiin, dokumentointiin ja koestettiin kahdelle releelle konfiguraa-
tio.

Tydn tuloksena muodostui tekninen ohjeistus, jossa kaydaan Ilapi
ASGCSYN, ASNSCSYN ja ASGAPC synkronointilohkojen konfiguroinnissa
ja koestamisessa tarvittavat vaiheet. Kommunikaatio releiden valilla to-
teutetaan GOOSE-protokollan avulla, minka koestamisen helpotta-
miseksi tekniseen ohjeistukseen lisattiin tulkintataulukko.
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Synchronising of the generator to the network is multi variable process
where many things can fail. The subject of this thesis is to provide a
technical guide on how the ABB REX640 relay synchronization func-
tions are configured and can be secondary tested using an Omicron
tester.

The theoretical part of the thesis explains what synchronisation is and
what is needed for it. Next, it is also discussed how the relay controls
the generator voltage and frequency. Then, functionality and usage of
the relay autosynchronous function blocks are described.
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1 INTRODUCTION

Majority of the electrical power is produced by the means of synchronous
generators. Before the generator can be connected to the power network
it must first be run in sync with the network. This is done by a synchro-

nizer device.

Protection relays are used in the power network to detect failures or
abnormalities in the system and quickly isolate the defective element
before excessive damage or possible power system collapse occur.
Modern relays contain a variety of protection, measurement and con-
trol functionalities. The ABB relay type REX640 also contains an auto-
synchronizer functions. Figure 1 shows two hardware variants of the
REX640.

Figure 1. REX640 relays (ABB, 2025).

Prior this thesis, creating an autosynchronizer configuration for REX640
has been challenging due to the lack of easy-to-follow guidelines and
examples. The purpose of this thesis is to make a working and tested
autosynchronizer configuration and to document this process as a Tech-
nical Note. This purpose is to be achieved through the following objec-

tives:



12

e First, to give an understanding of the REX640 autosynchronizer
functionality with the available REX640 technical, application and
engineering manuals.

e Next, to describe in brief how the autosynchronizer works in
REX640, and the needed inputs and outputs for the autosynchro-
nizer functions.

e Next, to introduce the used tools in this thesis.

e Then, to create a working and tested autosynchronizer configura-
tion example for the REX640 relay.

e The last goal of this thesis is to write a technical guide for config-
uring and verifying autosynchronizer applications, see Appendix
1.

1.1 Overview of the Generator Network Systems

Synchronization ensures the safe and reliable connection of a generator
to the power grid. The generator requires an AVR (automatic voltage
regulator) to control its voltage output and a governor to regulate its

frequency.

Figure 2 illustrates a generator with its controlling devices. The purpose
of the generator is to convert mechanical power produced by a prime
mover (e.g. diesel machine, steam or water turbine) to electrical power.
The governor controls the speed of the prime mover and thus the fre-
quency of the generator. For converting electrical power, the synchro-
nous generator requires magnetization (also known as excitation) which
controls the voltage output of the generator. In this thesis the generator

synchronization unit is a REX640 relay.
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Mechanical Electrical breaker
. power Synchronous ower
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synchronazion| |
unit «
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Figure 2. Generator and control systems (Internal source REX640
Autosynchronizer Theory, 2022).

The REX640 relies on VTs (voltage transformers) to measure the gener-
ator and network voltages. VTs reduce the high primary voltage to a
lower, measurable level for the relay (Glover et al., 2016, p. 614). Using
these measurements, the relay can also calculate the phase angle, a

critical factor for synchronization.

When synchronizing a generator to the grid, the following three condi-

tions must be fulfilled:
1. The phase angle between the grid and generator must align.
2. The voltage of the grid and generator must closely match.
3. The generator and grid frequency must also be closely matched.

Once these conditions are fulfilled, REX640’s synchronization control
function sends signals indicating that synchronization is in order. Then,
a close command is initiated to close the generator circuit breaker
(GCB), also known as a source circuit breaker (SCB). If any of the con-

ditions are not met within a specified time window from the beginning
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of the synchronization, the relay will cancel the synchronization process
and will give an alarm (ABB, 2024).

REX640 synchronization function can be applied to various types of net-
works. A simple one generator network typically has just one SCB to
connect the generator to the grid. REX640 also has another synchronizer
function for closing of a non-generator circuit breaker (nhon-source
breaker, NSCB) such as a bus sectionalizer, a bus coupler or an incoming
feeder (ABB, 2024).

A network where multiple generators are operated in parallel is more
complex. Each generator must be synchronized to the grid individually,

which requires a separate relay for each generator.

Networks usually include a disconnector (DC) after the CB, which is used
to isolate parts of the network, and earth switch (ES) for earthing pur-

poses (e.g. during the generator maintenance).

1.2 A One Generator Network

Figure 3 illustrates an example of a one generator connected to a net-
work (busbar). Generator and bus voltages are measured by the means
of the VTs. This kind of system is usually used to give more power to
the grid in times of power shortage. Additionally, should generator and
network have different voltage levels, a step-up transformer (not shown
in the figure) is used. Then voltage and angle differences must be con-

sidered.
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Figure 3. Basic Network (Internal source REX640 Autosynchronizer
Theory, 2022).

1.3 Parallel Running Multiple Generator System

In parallel networks generators are typically used to distribute the load
of the electrical power system between the generators. The advantages
of operating multiple generators in parallel include increased reliability,
expandability, flexibility, serviceability, and efficiency (Ranchagoda et
al., 2015). When one of the generators fails, other generators pick up
the load from the failed one. A parallel network is challenging to control
because of the various generators and circuit breaker and needs a coor-
dinator to take care of the controlling. In this kind of network, it is pos-
sible to have multiple SCBs for generators and NSCBs for sectionalizers,

as seen in Figure 4.
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2 BASICS OF AUTOSYNCHRONIZING

In this chapter, we will cover the dangers associated with faulty syn-
chronization as well as the benefits and needs of autosynchronization.
Next to clarify the difference between Synchro check and Energizing

check functionalities.

2.1 Significance of Synchronizing of the Generator

According to Thompson (2012) synchronizing a generator to the network
must be done carefully. The speed (frequency) and voltage of the gen-
erator must be closely matched, and the rotor angle must be close to

the network's phase angle.
Poor or incorrect synchronizing can cause the following problems:

e« Damage the generator and the prime mover because of mechan-
ical stresses caused by rapid acceleration or deceleration, bring-

ing the rotating masses into synchronism (Thompson, 2012).

e Damage to the generator and step-up transformer windings
caused by high currents as results of too high voltage or angle
difference (Thompson, 2012).

e Disturbs to the power system such as power oscillations and volt-

age deviations from nominal (Thompson, 2012).

e Prevents the generator from staying online and picking up load
when protective relay elements interpret the condition as an ab-
normal operating condition and trip the generator (Thompson,
2012).

e Results in a high current surge which can damage or reduce the

life of generator and transformer windings (Thompson, 2012).

Over stresses the circuit breakers (CB) main contacts.
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o Closing a generator breaker with an excessive phase angle
across the synchronizing breaker just prior to the closing action
tends to cause an-out-of-step or so-called power swing condition
(Ibrahim, 2011, p. 381).

When synchronizing, the phase angle must be as close as possible to
zero. The other thing to consider when synchronizing is that the CB has
a closing delay, which REX640 also anticipates. Figure 5 illustrates the

generator angle movement near CB closing time.

O

Ugen

4 Ubus

Figure 5. Closing CB time (Internal source REX640 Autosynchronizer
Theory, 2022).

Frequency and phase difference between generator and network are re-
lated such that angle is changing (rotating). If there is frequency differ-
ence and angle is stationary then frequency difference is zero. To illus-
trate this Figure 6 and Figure 7 show an example of a one phase volt-
age at 5 Hz, and 0,5 Hz frequency difference, respectively. For example,
in Figure 7, if CB closing time is 60 ms and frequency difference is 0,5
Hz then in this time phase angle rotates (50 Hz - 49,5 Hz) * 0,06 s *
360° = 10,8°.
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Frequency difference between 50 Hz and 45 Hz

=50 Hz
0,02 -0,015 —0,0,005 0,005 45 Hz
Time (s)
Figure 6. Difference of 50 Hz and 45 Hz.
Frequency difference between 50 Hz and 49,5 Hz
=50 Hz
-0,055 -0, ,02 -0,015 -0, 0,005 49 5 Hz

Time (s)

Figure 7. Difference of 50 Hz and 49,5 Hz.

2.2 Benefits of Autosynchronizer

Autosynchronization is more accurate and reliable than manual synchro-
nization in making phase, voltage, and frequency adjustments. This ac-
curacy minimizes issues during CB closing such as power surges, tran-
sient spikes, and mechanical stress on the generator. Autosynchroniza-
tion is also faster than manual synchronization, which is useful when a
backup generator is needed, or a generator needs to come online during

a peak load time.
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In the case of a synchronization error, the relay autosynchronizer func-
tion notices it and cancels the synchronization. Autosynchronizer also
eliminates human errors and gives more precise and less stressing CB
closing to the network (ABB, 2024).

2.3 Synchro Check vs Energizing Check

Synchro check functionality is used to check that both voltage, fre-
quency and phase angle are within allowed range for CB closing. This

means that both voltages must be live.

An energizing check is used when either or both sides are dead. For
example, CB can be allowed to be closed when generator is live, and bus
is dead. Here only voltage amplitudes are checked. Dead and live volt-
ages mean that voltage is below or over set parameters, respectively.
Figure 8 shows an energizing check different setting from ASGCSYN

function.
| Live dead mode I Description
Off Live dead mode setting is in off status
Both Dead Both bus and generator de-energized
Live G, Dead B Bus de-energized and generator energized
Dead B, G Any Bus de-energized and generator energized or de-
energized

Figure 8. Energizing check settings in ASGCSYN function (ABB, 2024).
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3 CONTROLLING GENERATOR VOLTAGE AND
SPEED (FREQUENCY)

In this chapter, we will discuss briefly how automatic voltage regulators
AVR, and governor operate and how they are used in autosynchroniza-

tion.

3.1 AVR (Automatic Voltage Regulator)

Generator AVRs are the most important means of voltage control in
power systems. With AVR the excitation level of the generator is con-
trolled, which in turn affects the generator output voltage (Kundur,
1994, p. 967).

From a synchronizing unit (in this case REX640) voltage raise and
lower pulse commands are issued to the AVR that changes the genera-
tors excitation by controlling the amount of current given to the gener-
ator field winding (Machowski, 2008, p. 22).

Higher excitation gives higher voltage output from the generator and
lower excitation gives lower voltage output from the generator. When
synchronizing, the voltage is controlled to be within the allowed voltage
difference. That is the voltage difference between the generator and the
grid. Closing the CB with a higher generator voltage results generator
to feed higher reactive power than needed towards the network. Lower
voltage results generator to absorb reactive power from the network

(Internal source REX640 Autosynchronizer Theory, 2022).
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3.2 Governor (Frequency)

A governor is a system that is used to maintain the speed of an engine
or turbine (prime mover) within certain limits, under varying load con-
ditions. For example, if an increase in frequency is desired, the fuel valve

is opened by the governor, resulting in an increase in speed.

From a synchronizing unit (in this case REX640) frequency raise and
lower pulse commands are issued to the governor for matching the ro-
tation speed (frequency). Increasing the speed raises the generator fre-

quency and decreasing the speed lowers the frequency (ABB, 2025)
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4 REX640 RELAY AUTOSYNCHRONIZER FUNC-
TIONALITIES

In this chapter we describe the necessary functions required in REX640
autosynchronizer configuration. ABB protection relay REX640 has an ad-
vantage for having a built-in autosynchronizer, which allows customiza-
tion for different kinds of networks. The most important functions for

this thesis are:

e Autosynchronizer for generator breaker ASGCSYN
e Autosynchronizer for Network Breaker ASNSCSYN
e Autosynchronizer co-ordinator ASCGAPC

We will review the information from the REX640 technical and applica-
tion manuals, making it easier to understand while highlighting the most

important parts related to autosynchronizer functions.

4.1 Autosynchronizer for Generator Breaker ASGCSYN

The autosynchronizer for a generator breaker (ASGCSYN) takes care of
synchronizing the generator to the bus, by giving instructions to the
AVR and governor to raise or lower the voltage or frequency, respec-
tively. When all the conditions are met, ASGCSYN permits the CB to
close (ABB, 2024). Figure 9 shows the module diagram of the AS-
GCSYN function. All the input signals are shown on the left-hand side

and output signals on the right-hand side.
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Figure 9. ASGCSYN module diagram (ABB, 2024).
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Figure 10 shows ASGCSYN function block as seen in relay configura-

tion.
n

Y SYNC_ NS0

b P2 SC_Ox
BL.0CK METCH_ NSO
CL_COMMIND MLETCH_ O
BXT_ CLOSE 5
SY245S Fa_A
GCE_TEET CND_FlL_A
GCE_CLOSE LIEDGA
@os_ 09N LALG
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S0 B CLOSE .
NOOE_ GOV C8 S=EECTED»
MODE_MS RASE Ue
CRO02_GOV LONE_Ue
DRO0P_mm RASEFS
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T AR_DRO0Re
LS_EN_LC MNOC_CHG_GO\
DIFF_U_ASC1 MOD_ =
CFF_F_KSCY GEN_ASC_DATA
ASCY_GEN_DaT

Figure 10. ASGCSYN function block.

For synchronizing a generator breaker to the network, the relay needs

preferably 3-phase voltage measurements both from the generator and
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bus sides (ABB, 2024). Single-phase measurement is also possible, but
it is usually used only in testing the configuration. Relay gives the control
commands to the AVR, the governor, and the generator breaker. Figure
11 shows the voltage measurements and control commands. DC is
shown in the figure, but it is usually closed before connecting the gen-
erator to the network, and ES is closed only when doing maintenance to

the generator or the circuit breaker.

Figure 11. Measurements and controls for ASGCSYN. (Internal source
REX640 Autosynchronizer Theory, 2022).

4.1.1 ASGCSYN Energization Check

ASGCSYN'’s energization check module checks whether both sides of
CB voltages are considered Live or Dead. In case of either or both

sides are dead, the CB closing can be allowed with the energizing di-
rection setting 1ive-dead mode (ABB, 2024). Figure 12 shows how

the closing of the CB can be allowed with energization check.

| Live dead mode || Description |
Off Live dead mode setting is in off status
Both Dead Both bus and generator de-energized
Live G, Dead B Bus de-energized and generator energized
Dead B, G Any Bus de-energized and generator energized or de-
energized

Figure 12. ASGCSYNC energization check modes (ABB, 2024).

4.1.2 ASGCSYN Synchronization Check and Control

The synchronization check and control module checks if the measured

voltages, frequencies and phase angles on both sides of the breaker
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are within the set matching limits to give a closing command to the
breaker (ABB, 2024). If the measured values differ from set values,
this module gives control commands to the AVR and to the Governor

to raise or lower the voltage and frequency, respectively.
For the synchronization the following criteria are first checked:

e The measured bus and generator voltages are higher than the

set value of Live voltage value (ENERG STATE equals Both Live)
(ABB, 2024).

e The measured bus and generator frequencies are both within
the range of 95 to 105 % of the nominal frequency (f.) (ABB,
2024).

e The measured bus and generator voltages are lower than the

set value of Maximum voltage (ABB, 2024).

Figure 13 shows the additional conditions in synchro check. ASGCSYN

synchrocheck mode is Asynchronous.

| Measurements I Synchrocheck mode “Asynchronous” |
U _DIFF_MEAS < Voltage Diff Ov Ex and > Voltage Diff Un Ex
PH_DIFF_MEAS < Angle Diff positive and > - Angle Diff negative
FR_DIFF_MEAS < Freq Diff OV Synch and > -Freq Diff sub Synch
Closing angle < Angle Diff positive and >- Angle Diff negative

Figure 13. Asynchronous conditions (ABB, 2024).

In REX640, the module calculates the voltage, frequency and voltage

phase angle difference based on the equations seen below.

Voltage difference is calculated in Equation (1).

U_DIFF_MEAS = Ugey — Ugys — Voltage offset (1)
where
Usus = Measured bus side voltage
Ugen = Measured generator side voltage
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Voltage offset = Setting for voltage offset

Frequency difference is calculated in equation (2).
F_DIFF_MEAS = f;on — faus — Frequency offset (2)

where

fGen Measured generator side frequency

faus Measured bus side frequency

Frequency offset Setting for frequency offset

Voltage phase difference is measured in equation (3).

PHASE_DIFF_MEAS = 2Ug,, — £Ug,s — Phase shift (3)
where
ZUgen = Measured gen side voltage phase angle
ZUsus = Measured bus side phase voltage
Phase shift = Setting for Phase shift

4.1.3 ASGCSYN Closing CB Conditions

Depending on the circuit breaker and the closing system, the delay be-
tween the closing command and the circuit breaker actual closing is
about 50 to 250 milliseconds. When the frequency, phase angle, and
voltage conditions are fulfilled, the relay also checks that these condi-
tions remain fulfilled for the set CB closing time (ABB, 2024).

The set closing time of CB informs the function of how long the condi-

tions must persist. The value covers both circuit breaker closing delay



28

and output type-dependent delay. The synchro check function compen-
sates the measured frequency difference and the circuit breaker closing
delay (ABB, 2024).

The closing angle is calculated as seen in Equation (4).

Closing angle = |(2Ugen — 2Upns)® + Uzen  fous) X (Gog0) % 3609 (D)
where
ZUgen = Measured generator voltage phase angle
ZUgus = Measured bus voltage phase angle
TCB = Setting for closing time of CB, time in ms

When synchrocheck mode is set to Asynchronous, the close command

is given as explained below.

First, the frequency slip (s), which is given in reference to bus frequency,

is calculated in equation (5).

Frequency slip (s) = —(fBuS;B;fBuSB) (3)
Where
fBusA = Bus A side frequency
fBuss = Bus B side frequency

From the acceleration (ds/dt), the bus frequency FrR BUS MEAS (fsus) and
the set closing time of CB, the function calculates the necessary lead

angle (aLead) by which the close CB command is given forward in time
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so that the main contacts close on phase coincidence (ABB, 2024). The

olLeadis calculated as seen in equation (6).

TCB ds
2 *ar), TCB ©

X
1000 1000

Areaa = | 360 X fBusA X|s+

where
fausa = Bus A side frequency
S = Frequency slip
ds/dt = Frequency slip acceleration
TCB = Setting for closing time of CB, in ms

If the closing conditions remain fulfilled during a permitted check time
set with Maximum Syn time, ASGCSYN gives synchro check permission
(syYnC_OK) and closing signal (CLOSE_CB) to the breaker control function
block CBXCBR, which gives the CB closing command signal (EXE CL).
See Figure 14.
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ASGCSYN

.l____

L CBXCER 4 r r

CLOSE_CB AU_CLOSE  EXE_C _4@

3'\.1'\_‘:_.:{ | SYNC QK

Figure 14. Simplified presentation of relay configuration with CB con-
nections for closing circuit (ABB, 2024).

4.2 Autosynchronizer for Network Breaker ASNSCSYN

ASNSCSYN can be used for synchronized closing of hon-generator circuit
breakers, such as a bus sectionalizer, bus coupler, or incoming feeder.
ASNSCSYN preferably requires 3-phase voltages from both sides of the
breaker to be synchronized. (ABB, 2024). Figure 15 shows an example

of a network with one generator and one incomer feeder connection.

(U_A)
O_ 11kV | 110V
Vi V3

NSCB
Bushar ]

&

®
11kV | 110V

oc8 R

cB

11kV 110V
O —— -

V3 V3

@ Feeder loads
v v

Figure 15. Example where ASNSCSYN is used for NSCB breaker
(Internal source REX640 Autosynchronizer Theory, 2022).

In the case of ASNSCSYN is set to synchronous mode, the closing com-
mand is issued after considering the function modes, essential checks,

CB closing time, and parallel conditions. In the case of ASNSCSYN is set
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to asynchronous mode, the function initiates the matching of voltage
and frequency with the help of available generators through Autosyn-
chronizer co-ordinator ASCGAPC (ABB, 2024).

When all the conditions are met, ASNSCSYN gives permission to close
the CB. Figure 16 shows the module diagram of ASNSCSYN function
and all the input signals are shown on the left-hand side and output

signals on the right-hand side.

U A AB
NEEI ey oy —{ ADB__|
| . U_A_AB Energizing | LALB |
U3pP2 I 1 T check _| DALB |
BLOCK | . — DADB |
SYNC INPRO
SYNC OK
MATCH INPRO
CL COMMAND MATCH OK
BYPASS CLOSE CB
EXT CHECK Synchroni- CL FAIL AL |
CB TEST Crf;k'j;n . CMD FAIL AL
CB CLOSE control CB SELECTED
CB OPEN AS INIT FAIL
ISO A1 CLOSE NS ASC DAT
ISO A2 CLOSE
ISO B1 CLOSE U DIFF
ISO B2 CLOSE FR DIFF MEAS
ASC1 NS DAT

Figure 16. ASNSCSYN module diagram (ABB, 2024)
4.2.1 ASNSCSYN Energization Check
The Live dead mode setting is used to set the energized condition of

the bus section across the CB, that is, whether the bus section across
the CB is Live or Dead as seen in Figure 17 (ABB, 2024).
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Live dead mode || Description |
c The Live dead mode setting uses Live dead mode Ctl control
ommand
command.
Off Live dead modeis set to "Off".
Both Dead Both Bus A and Bus B de-energized
Live B, Dead A Bus B energized and Bus A de-energized
Dead B, Live A Bus B de-energized and Bus A energized
Dead A, B Any Bus A de-energized and Bus B energized or deenergized
Dead B, A Any Bus B de-energized and Bus A energized or deenergized

Bus A de-energized and Bus B energized or Bus B de-energized
and Bus A energized
Both Bus A and B de-energized or Bus A deenergized and Bus B
energized or Bus B deenergized and Bus A energized

One Live, Dead

Mot Both Live

Figure 17. ASNSCSYN Energizing check modes (ABB, 2024).

4.2.2 ASNSCSYN Synchronization Check and Control

When synchro check setting is off, synchro check is not active, and no
control commands will be given. When synchro check setting is asyn-
chronous, matching criteria are based on settings for allowed voltage,
frequency, and phase differences. As for synchronous, the matching
criteria are fixed (ABB, 2024).

In the synchronous and asynchronous mode, the following criteria are
first checked:

e The measured bus A and bus B voltages are higher than the set
value of Live bus voltage (ENERG STATE is Both Live) (ABB,
2024).

e The measured bus A and bus B frequencies are both within the
range of 95% to 105 % of the value of the nominal frequency (f,)
(ABB, 2024).

e The measured bus A and bus B voltages are lower than the set

value of Max energizing V (voltage) (ABB, 2024).
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Additionally, depending on the set mode, the criteria shown in Figure

18 are checked.

Synchrocheck mode
Measurements
“Synchronous” || “Asynchronous”
U _DIFF_MEAS < 0.01 x Nominal voltage (Uy) < Difference voltage
PH_DIFF_MEAS < 5 degree < Difference angle
FR_DIFF_MEAS < 0.001 x Mominal frequency (f,) < Frequency difference
Estimated closing angle N /A < Difference angle

Figure 18. Additional conditions in Synchronous and Asynchronous
modes (ABB, 2024).

Voltage difference is calculated as seen in equation (7).

U_DIFF_MEAS = Ugyss — Ugysp + Voltage offset (7)
where
Ususa = Measured bus A side voltage
Ususs = Measured bus B side voltage
Voltage offset = Setting for voltage offset

Figure 19 shows visual representation of the voltage difference be-

tween two sources.

Bus A ‘ Bus B

Max energizing V- - -~~~ - - - - oo

Live bus voltage

Dead bus voltage

Figure 19. ASNSCSYN Voltage difference (Internal source REX640
Autosynchronizer Theory, 2022).
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Frequency difference is calculated as seen in equation (8).

F_DIFF_MEAS = fpusa — feusg + Frequency offset (8)
where
fBusa = Measured bus A side frequency
fBusa = Measured bus B side frequency

Frequency offset Setting for frequency offset

Phase difference is calculated as seen in equation (9).

PH_DIFF_MEAS = 2Ugys — 2Ugysp + Phase shift (9)
where
ZUusa = Measured bus A side voltage phase angle
ZUgusB = Measured bus B side voltage phase angle
Phase shift = Setting for phase shift

Figure 20 shows visual representation of phase difference between

two sources, where the diff angle is the set allowed angle difference.
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Phase difference

AP =LUgusa - 2Ususe

Figure 20. ASNSCSYN Phase difference (Internal source REX640
Autosynchronizer Theory, 2022).

4.2.3 ASNSCSYN Close CB Conditions

ASNSCSYN has the same close conditions as ASGCSYN when syn-
chrocheck mode is Asynchronous. When the Synchrocheck mode is
Synchronous, a zero-passage of the phase-angle difference is not
needed, and CB closing is permitted as soon as all the Synchrocheck
conditions are fulfilled (ABB, 2024). Figure 21 shows the closing con-
figuration of ASNSCSYN.

________ |
CBXCBR ’ r r

CLOSE_CB |——=|aU_CLOSE zbc:E_-:L4"|_|_—|

SYNC_OK 1 — el SYNC_OK

ASNSCSYN

Figure 21. Simplified presentation of relay configuration with CB con-
nections for closing circuit (ABB, 2024).

4.3 Autosynchronizer Co-ordinator ASCGAPC

Autosynchronizer co-ordinator (ASCGAPC) takes care of which parts of

the network are eligible for synchronization, i.e. which parts of the net-
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work in which sequence can be energized (ABB, 2024). ASCGAPC mod-
ule diagram is shown in Figure 22. All the input signals are shown on

the left-hand side and output signals on the right-hand side.
SRC1_ASC_DAT

SRC3_ASC_DAT Topology
determinat-
ion

NS1_ASC_DAT

U DIFF_1
. AS COMNFLICT
: U_DIFF
U_DIFF_17 FR DIFF
FR DIFF 1 ASC_NS1_DAT |
R Coordinator ~ ASC_N32_DAT
T ASC_NS2_DAT
FRDIFF_T7 “ASC_SRC1_DAT |
BLOCK ;

Figure 22. ASCGAPC module diagram (ABB, 2024).
Compared to the synchronization of the generator breaker, the synchro-
nization of the network breaker does not include the matching function-

ality.

The autosynchronizer co-ordinator function ASCGAPC is used as a coor-
dinator for the synchronization of any bus coupler or grid incomer break-
ers in the power network (ABB, 2024). The co-ordinator function
ASCGAPC checks which generators are connected to the bus and trans-

fers control commands from ASNSCSYN to the connected generators.

It is so that ASGCSYN can help synchronize the other bus where non-
source breaker resides so that ASNSCSYN can close the breaker between

the busbars.
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ASCGAPC must always be present on the relay configuration together
with the ASGCSYN or ASNSCSYN autosynchronization functions (ABB,
2024). ASCGAPC performs the network topology determination to iden-

tify the subnetworks within the whole network.

ASCGAPC routes the voltage and frequency difference values from the
synchronizing CB to all the generator sources. It also identifies the
sources which are allowed to participate in matching the voltage and
frequency difference (ABB, 2024). ASCGAPC allows select sources for
synchronization and permits matching the selected sources after essen-
tial checks (ABB, 2024).

ASCGAPC allows autosynchronization of only one non-source circuit
breaker at a time. It also provides voltage and frequency matching sta-
tus for the synchronization in progress (ABB, 2024). Figure 23 illus-
trates the responsibilities of ASCGAPC.

ASCGAPC

Topology
determination

Voltage and frequency

. . —S Selection Logi
difference logic curce selection Logic

Figure 23. ASCGAPC function block (Internal source REX640
Autosynchronizer Theory, 2022).
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4.3.1 ASCGAPC Source Selection Logic

The source selection logic is responsible for selecting and coordinating
the sources for voltage and frequency matching. Source selection for
non-source works only if the autosynchronizer function in NSCB (non-

source circuit breaker) is set as Semiautomatic Or Automatic mode.

The generator is ready for network CB matching only when the genera-
tor CB is closed, the REX40 relay is in remote mode and the generator
is requested for matching from non-source function (ABB, 2024). Figure
24 shows all the sources in the network that are divided up to nine

partition groups.

| Source participation group || Description

All the sources which are unavailable for participation, are
Group 1 electrically connected to the grid or are not part of either
subnetwork which must be synchronized by the selected CB.

The sources which do not belong to Group 1 and are part of the
Group 2 subnetwork which includes the lower-number busbar of the two
busbars connected across the selected CB.

The sources which do not belong to Group 1 and are part of the

Eeliz other subnetwork, which includes the higher-number busbar.

Group 4 The sources in Group 2 which are not ready for participation in
P matching.

Group 5 The sources which are part of Group 3, but not ready for

participation in matching.
The sources which are part of Group 2 or Group 3, but the netwaork
Group 6 is internally connected and setting Synchrocheck modein
ASNSCSYM is "Synchronous”

The sources which are part of Group 2 or Group 3, but the network

Group 7 is internally connected and the setting Synchrocheck mode in
ASNSCSYN is "Asynchronous".

The sources which are part of Group 2 or Group 3, but the network

Group 8 is internally asynchronous and setting Synchrocheck modein
ASMSCSYN is "Synchronous".
The sources which are part of Group 2 or Group 3, but setting
Synchrocheck modein ASNSCSYN is "Off".

Group 9

Figure 24. ASCGAPC source selection grouping (ABB, 2024).

After receiving the reply from ASGCSYN, the autosynchronizer coordi-
nator function ASCGAPC gives permission to participate in the voltage
and frequency matching across the CB to be synchronized in the net-
work. ASCGAPC also shares the information about how many generators
participate in the voltage matching and frequency matching. Depending
on the number of participating generators, the voltage and frequency

difference is divided among the generators (ABB, 2024).
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4.3.2 ASCGAPC Selection

It is not possible to synchronize any bus coupler or tie feeder if the volt-
age and frequency differences are outside the allowed limits across the
circuit breaker. In this case, ASCGAPC is used to select and coordinate
the sources. The coordinator assists in voltage and frequency matching
for bus coupler or tie feeder CB to be synchronized by participating
sources selection based on network topology (ABB, 2024). Figure 25
shows an example where every relay is controlling its own circuit
breaker, and every relay has ASCGAPC. In the figure Source 1 is se-
lected as the tuning source in helping to synchronize NSCB2. The com-
munication is done by IEC61850 communication standard using GOOSE
protocol. GOOSE sends voltage differences, phase differences and con-

dition status data between the relays.

S

ASGCSYN |,
i ASGCSYN S T (NSCB3)
..(scB2) .. ASCOAPC

O— mmvemmm———) |

+ |

A I ’ —

I Bus1 : Bus2

: Start M;atching@ @

| ASNSCSYN soad | RSNSCSVN _
e  e{NCEL |1 (NscBy)  [Sememorie—

| ASCGAPC T

Figure 25. ASCGAPC coordination (ABB, 2024).
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5 SYNCHRONIZATION PROCESS

The autosynchronizer can be initialized either remotely or from HMI.

There are three possible autosynchronizing modes:

e When Auto Syn mode is set to Manual mode, voltage and fre-
quency RAISE or LOWER command pulses are generated manually
from the function's user commands (ABB, 2024).

e When Auto Syn mode is set to either semi-automatic synchro-
nizing mode OF Automatic synchronizing mode, the voltage
raise, or lower command pulses are generated from the function
based on the voltage difference across the breaker and AVR re-
sponse characteristics. Also, the frequency raise or lower com-
mand pulses are generated from the function based on the fre-
quency difference across the CB and governor response charac-
teristics (ABB, 2024).

Appendix 3 contains information on how the synchronization is done in

manual, semi-automatic and automatic modes.

5.1 Voltage Matcher

Figure 26 illustrates the working ranges of the voltage matcher. If the
bus voltage U_BUS is between settings Minimum voltage and Maximum
voltage and the generator voltage U_GEN is greater than the set-
ting Dead voltage value, the adjusting commands are released. The di-
rection of the adjusting commands depends on the polarity of AU. As an
additional condition, both frequencies must be in the range f, = £5 Hz
(ABB, 2024).
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Figure 26. Working range of the voltage matcher (ABB, 2024).

5.2 Voltage Command Pulse Length Modes

When the operator wants to increase the voltage, it gives out RAISE U
command pulse, in a similar way LOWER U pulse is given for lowering the
voltage. There are two command pulse lengths in voltage matching var-

iable Pulse and Variable Interval (ABB, 2024).

The voltage matcher gives commands with a length that is proportional
to the voltage difference. voltage rate of change (dU/dt) can be

adapted to the voltage regulator (ABB, 2024).
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When the setting voltage match mode is set to variable Pulse, the
length of the pulse (Volt pulse Min Dur, tpU) is calculated as shown in

equation (10).

+AUmax — |-AUmax| (10)
Pl s
P U
dt
where
AU = Measured voltage difference across the CB
to be synchronized
+AUmax = Setting Voltage Diff Ov Ex
-AUmax = Setting Voltage Diff Un Ex
du/dt = Setting voltage rate of change

When the setting voltage match mode is set to variable Interval,
the voltage matching is done with variable command pulse off intervals
(tsU). The voltage match command pulses are now the same length,
but the intervals are inversely proportional to the voltage difference
(ABB, 2024).

The pulse off interval (tsU) can be adjustable with the setting volt
pulse off Intv, and dependent on settings voltage Diff Ov
Ex and Voltage Diff Un Ex. Equation (11) shows how Pulse interval

is calculated.

(+AUmax + |[-AUmax|) (11)
tsU = Volt pulse off Intv X | 1 — 0.325 x| AU — > >0

where

AU = Measured voltage difference across the CB

to be synchronized
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+AUmax = Setting Voltage Diff Ov Ex

-AUmax = Setting Voltage Diff Un Ex

5.3 Manual Voltage Matching of ASGCSYN

When the control command parameter Tune v and F match is setto
Volt match rate, the function calculates the generator voltage
matching rate (dU/dt). The calculated voltage matching rate is stored
to the non-volatile memory output vOLT CHG RTE and is available in
the Monitored data view. Once stored, the value from the out-

put VOLT CHG RTE is used to set the setting volt rate of change

(dU/dt) (ABB, 2024).

The voltage matching rate (dU/dt) is calculated with equation (12).

Voltage matching is done as follows:

e Generator voltage is adjusted until it reaches 95 to 97 %
of the line voltage, then the pulse that is adjusting the
voltage is stopped.

e When ten seconds have passed after a pulse, voltage dif-
ference AUy is measured, then a voltage raise command
RAISE U is given that lasts five seconds. When ten sec-
onds have passed after end of the pulse, voltage differ-

ence is AU is measured and du/dt is calculated.

dU_AU—AU0 (12)
dt 5
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5.4 Frequency Matcher

Figure 27 illustrates frequency matching limits. To close the CB, the
frequency difference must be at least 1/3 of the frequency difference
setting. For example, in a 50 Hz system with a frequency difference
setting of 0,04 xFn, frequency difference of 1/3 of 0,04 is needed, which
equals 0,0133 xFn. Therefore, the minimum frequency difference re-
quired to close the CB is 50 x 0,0133 = 0,67 Hz. In other words, the

starting range for frequency matching is from 48 Hz to 49,33 Hz.

Slip
®
2
o
§ -Smax ez Range for lower pulses
R "
g 2/3*(-smax) +—— §
$ Range w/o adjusting pulses over-synchronous
5 1/3"(-smax) £
3 Range for raise pulses %
s=0 g

% Range for lower pulses ©

1/3*(+smax) _ s}
e Range w/o adjusting pulses sub- 2
2 £
3 /3" (+smax) synchronous 3
5
5] +Smax = Range for raise pulses
%
o
-
W

Figure 27. Working range of the frequency matcher (ABB, 2024).

5.5 Frequency Command Pulse Length Modes

If the operator gives a frequency raise command, the function gives out
RAISE F pulse. In a similar way, the function gives LOWER F pulse when

the operator gives a lower command (ABB, 2024).
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When setting Frequency match mode is set to variable pulse fre-
quency matching is done with the variable command pulse length. The

frequency matchers command length is proportional to the present slip.

The frequency matcher tries to steer the value in centrally between the
slip limit and zero (ABB, 2024). Equation (13) shows how the frequency

command pulse length (tpf) is calculated.

] - el (13)
tof = af
dt
where
S = Measured frequency slip across the CB to be
synchronized
+Smax = Setting Freq Diff Ov Synch
~Smax = Setting Freq Diff sub Synch
df/dt = Setting for Freq rate of change

When setting Frequency match mode is set to variable Interval. The
matching is done with command pulse off intervals. The command
pulses are now the same length, but the intervals are inversely propor-
tional to the frequency difference (ABB, 2024). Equation (14) shows how

the Pulse off interval (tsf) is calculated.

1 1 (14)
tsf = = < 30 [Sec]
4 feen — feus  feen X Isl
where
S = Measured frequency slip across the CB to be

synchronized

fGen = Measured generator side frequency
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fBus = Measured bus side frequency

5.6 Manual Frequency Matching of ASGCSYN

When the control command parameter Tune VvV and F match is set to
Freq match rate, the function calculates the generator frequency
matching rate (df/dt). The calculated frequency matching rate is stored
to the non-volatile memory output FREQ_CHG_RTE and is available in
the Monitored data view. Once stored, the value from FREQ_CHG_RTE
can be used to set the setting Freq rate of change (ABB, 2024).

The frequency matching rate (df/dt) is calculated with equation (15).
Frequency matching is done as follows:

e The slip is adjusted until it lies in the range of +1 to +3 %, then
the adjusting pulse is stopped.

e Ten seconds after the first adjusting pulse, the slip so is measured.
Then a frequency raise command RAISE F lasting 3 seconds is is-
sued. Ten seconds after the end of the pulse, the slip s is meas-
ured and df/dt is calculated.

ﬂ_s—so (15)
dt  3sec
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6 INTRODUCTION OF THE TOOLS USED IN THIS
THESIS

6.1 Omicron CMC 356 and Test Universe

CMC 356 was used in this thesis to simulate the grid and generator volt-
ages during the testing of autosynchronization. CMC 356 is a testing
solution used for testing protection relays by mimicking the secondary
values of the voltage and current transformers. Figure 28 shows the
inputs and outputs of the device. In this thesis four voltage outputs,

auxiliary DC supply, and five binary inputs were used.

Auxiliary DC supply: 0 ... 264 V
Four voltage outputs:
4% 300V or2xe00V 4 x binary outputs

Option ELT-1 — DC measuring inputs:
Six current outputs 0..10Vand0 .. 20mA
Bx32A/6x430 VAor
JIx64 A3 x 860 VAor
1x128 A7 1 x 1000 VA

A e s—
Generator combination socket:

3x300Vand 3x32A 16.8 kg (37.0 Ibs)
450 x 145 x 390 mm (17.7 x 5.7 x 15.4%)

10 x multifunctional inputs: binary (dry/wet)
Option ELT-1: Analog measurement, EnerLyzer

Figure 28. Omicron CMC 356 (Omicron, 2024).

Test Universe is a PC program that is used to control CMC 356 device,
which generates output voltages for the REX640 relays. Commands can
be given from the relay to Omicron to raise or lower voltage and fre-

quency.



We will use synchronizer module for testing the relays’ autosynchronizer

configuration, see Figure 29.

(o)

Test Modules

Stand-alone Startup

4 QuickCMC

#~ Ramping

Al Pulse Ramping

36 State Sequencer

A& (Advanced) TransPlay

+. Annunciation Checker
“_ Overcurrent

%] Distance
Q:I Advanced Distance

('J VI Starting

f $ Autoreclosure

Test Tools
Additional Applications

\/C Test Modules
& Tools

% Power

-/ Advanced Power

®» Single-Phase Differential

&} Diff Configuration

’g Diff Operating Characteristic
ﬁ Diff Trip Time Characteristic
ﬁ Diff Harmonic Restraint

@] Synchronizer

B Meter
# Transducer

s PQ Signal Generator

‘OMICRON Test Universe

Configuration Modules
Configuring CMC Test Set Features

Z% CB Configuration
8= AuxDC Configuration

ISIO Connect

IEC 61850

Testing Power Utility Communication

G GOOSE Configuration
3 Sampled Values Configuration
IEC 61850 Client/Server

fg IEDScout

Network Simulation
System-based Protection Testing

s NetSim

% Transient Ground Fault

Data Management
Asset and Test Set Management

Device Link
Test Set Association

EZ Device Link

Polarity Checker B occ Batch

Q/C Characteristics Grabber

Enerlyzer (CMC 256plus/356) TransPlay
Enerlyzer Live (CMC 430) TransView

Harmonics
Binary 1/0 Monitor

Ll

OMICRON

Figure 29. Omicron module to be used this thesis.

Figure 30 shows the view when opening the synchronizer module. In
the view you can see system 1 and system 2. System 1 is used to give
the busbar its voltage and frequency. System 2 is used to give the gen-
erator its voltage and frequency, and the difference to the wanted values

from where the synchronization is started.
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Hardware  More | Start/Continue Stop Pause Clear  Single | Report [=] Comment
Object Configuration  « Test | Settings=

Test Setup Test Exccution “Test Documentation

Test View: Synchronizer BREE sync view: synchronizer ~0x
Function | Adjustment Auto Test Settings =
Syatem 1 sranz 0 6
vee [ 10ov] | | swew [ omov] vee [ 100V s
& 50,00 Hz af 000 Hz | F: 50,00 Mz 4
f
2
On CB close command K
ar t aen 0
A
2
=]
4
5
s
E)

Sync view | Report View
Signal View: Synchronizer -0

St Hitory T @ Oveioo Moo |

Figure 30. Omicron Synchronizer module view.

Figure 31 shows the analog outputs from Omicron. Only the four volt-

ages are set to being used.

Hardware Configuration

General | Analog Outputs | Binary / Analog Inputs Binary Outputs DC Analog Inputs

CMC 356 V. CMC 356 V (4) CMC 3561 (A) CMC 356 1 (B)
Test Module . Connection
Output Signal Display Name ] 1 2 3 N 1 N 1 2 3 N 1 2 3 N
X
X

VI12-E VI12-E

VI3-E VI3-E x

V(2)-1 V(2)-1 ¥

Not used I x

Not used 12 X

Not used 13 X

Not used 12)-1 F'e

Not used 12)-2 4

Not used 1(2)-3 X

Figure 31. Omicron analog outputs.

Figure 32 shows the binary inputs to Omicron, where the relay gives

raise and lower commands to frequency and voltage.



Local Hardware Configuration >

General Analog Outputs | Binary / Analog Inputs | Binary Outputs

Input Groups

EEN CMC 356 (front)

EEEN CMC 356 (ext. Interf.)

Test Module
Input Signal

Display Name
Trip
Bin.in 2
Bin.in 3
Bin.in4
Start
Bin.In. 6
CB aux. (52a)
CB aux. (52b)
Bin.in9
Bin. In. 10
Bin. In. 12

Function
Potential Free
Nominal Range
Threshold

Connection
Terminal

Figure 32. Omicron binary inputs.

CMC 356
MC506V
Binary ~Binary Binary Binary Binary Binary Binary | Binary = Binary
a a a a a a a a
24V
7V

X
X

X
X
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Figure 33 shows an adjustment window, in system 2 the initial gener-

ator values (before synchronization) are given for voltage, frequency

and phase angle. With the Add-button a test parameter is created, and

the test can be done following those parameters. Different situations of

synchronization could be added, but the problem is, that Omicron does

the tests in sequence without any delay between the tests.

Function | Adjustment | Auto Test Settings

—Systeml ———— System 2
VL avi: [ 000V] v | 1000V] m
f: af: | ooomz| = | soookz] femers
Phi: aphic [ 000°] e | 0007 Remove Al
[ Relative

— Generator Model

Linear <

Av/at: [ ..0,00 myfs | Aff At | ...00 mHz/s |

Figure 33. Synchronizer adjustment window.
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Figure 34 shows a sync view whereby clicking the field you can change
the starting values of the generator and see the wanted synchronization
areas in blue. In the sync view, the left-hand side area is under-syn-

chronous and the right-hand side area is over-synchronous.

ustment | suto Test Semngs

1034y

4985 He

(R

Test View: Synchronizer Rllaldl Sy View: Synchronizer -Ox
A

v

5

v
[
o avh 000%] e
G

Linear < avian | o0omvis| avan |00 mhys

Generatar Model Start Point
Type AV/At AfiAt AV V¥ At £ APhi_Phi_ AV V¥

bbbk b oa
P —

Figure 34. Sync view.

Another way to test the configuration is with QuickCMC as seen in Fig-
ure 35. ASNSCSYN is tested with QuickCMC, because Synchronizer
module can’t be used. The testing is done by manually raising or lower-

ing the voltage, frequency and phase angle values.

OMICRON Test Universe

\/C Test Modules
0" &Tools

Network Simulation
System-based Protection Testing

Test Modules Configuration Modules
Stand-aloe Startup Coniiguring CMC Test Set Features

LL

OMICRON

Figure 35. Omicron QuickCMC.

Figure 36 shows the test view of the QuickCMC. You can give voltage
and frequency values to present a generator and bus, by manually

changing the values of voltage and its frequency. The figure shows four
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voltage analog outputs, which are given to the relay to mimic bus and

generator.

Test View: QuickCMC.qcm ~ 0%

Analog Outputs 1732 VA - Binary Outputs

Direct j

1000V 0,00° 49,700 Hz
0,00V 0,00° 50,000 Hz
1000 V. 0,00° 50,000 Hz
0,00V 0,00° 50,000 Hz

~Analog Inputs

on Trigger

’VE Switch off Delay:

Binary Inputs / Trigger

- Step / Ramp

signal(s): Genl ~ | Size: 0,00V | [ Auto step

quontty: | Magniue g =
Fulse ramp 500,0 ms

Figure 36. QuickCMC test view.

6.2 PCM600

PCM600 (protection and control IED manager) is a program that is used
for parametrization and configuration of ABB protection relays. In this
thesis, PCM600 will be used in making the working configuration of the

autosynchronizer.

The autosynchronizer can be configured on multiple relays using
PCM600’s built-in configuration wizard. This wizard automatically con-
figures all necessary functions (ASGCSYN, ASNSCSYN, and ASCGAPC)
based on the desired network structure specified by the user.

The Autosynchronizer wizard can be started in PCM600 by adding the

relays to the project and making sure that they are at the same voltage
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level as shown in Figure 37. The relays are named according to which

sources circuit breaker it controls.

~ 7% Substation
: XV Voltage Level
T_,F Bay
: Generator1
e [E |ED Configuration
+ fa Application Configuration
S B Bay
; z Network_Breaker
Ao @ |ED Configuration
; + fa Application Configuration
T_,F Bay
- Generator2
e [R |ED Configuration
+ fa Application Configuration

Figure 37. Example of project tree for configuration.

6.3 ABB Circuit Breaker Simulator

The circuit breaker simulator is used as its name implies, to simulate up
to eight (8) circuit breakers or disconnectors. This device is used in this
thesis to visualize that the CB closes and opens, and to give information
to Omicron when the CB is closed. Figure 38 shows front panel connec-
tions and Table 1 explains the numbers in the figure. In the tests the

CB closing time is set to 60 ms.
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Figure 38. Circuit breaker simulator (ABB, 2025).

Table 1. Circuit simulator front panel list.

. - . J{ ______________ ;— ———————————————————————————
/ i : +OPEI\i ELOSE_E E ,—/ﬁ
ot | : Q0O OO0 OO0
82 - 00 :00: :000
POWER:zg' ! : 00 300::3000
IR HE ' 00 ‘00 000
L@ ! ! Q0 ‘00 000
T : FQ0O Q0 000
savee | i Q0 00 000
IR | :00.:00:000
OO / :
________ . :

Explanation

1 | Eight programmable LEDs.

2 | DC-voltage 24V output.

3 | Position indication screen for switches.

4 | Function keys.

5 | Numerical display and fault (IRF)-led.

6 | RS-232 (serial bus) is not used in this thesis.

7 | Inputs for open and close commands. (up to 8 CB/DC)

8 | Output contacts for CB/DC position.
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7 CREATING AUTOSYNCHRONIZER CONFIGURA-
TIONS FOR SELECTED SYSTEM

In this chapter we go through available documentation on autosynchro-
nization. Next, advantages and limitations of application manual exam-
ples are discussed. After that, next step is creating an autosynchroniza-
tion example with the PCM600 wizard tool which makes a configuration
setup based on the wanted network with multiple REX640 relays and
generators. After that when autosynchronizer wizard is completed, con-
figuration is manually finalized. This aims to provide more accessible
documentation on the partially available material in relay manuals.

Available documents are shown in Table 2.

Table 2. Autosynchronizer available documentation.

Document name Available information

REX640 technical manual Function block descriptions, and

technical data.

REX640 application manual Configuration example for AS-
GCSYN and ASNSCSYN.

REX640 engineering manual Guidelines for wizard configura-

tion.
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7.1 Advantages and Limitations of Manual Examples

Appendix 4 presents examples of autosynchronization configurations
given in REX640 application manual. In manual examples PCM600 au-

tosynchronizer wizard tool is not utilized.
The examples in application manual have the following advantages:

e Good information for basic applications where you have only one
generator or one generator with one network breaker.

e Good basis on understanding the autosynchronizer function.
The limitation is as follows:

e Examples do not give understanding on how to use the wizard,
and without that the risk of errors in GOOSE and co-ordinator
settings increased considerably. Wizard speeds up configuration
and engineering. Wizard also creates a GOOSE communication

automatically.

7.2 Introduction of the Selected System

A larger system typically means more generators and more breakers. In
the system selected for this thesis, we have two generators in parallel
and non-source circuit breaker in between them as seen in Figure 39.
Each breaker has its own relay, named in this thesis as Generator 1,

Network breaker and Generator 2 relay.
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NenGeneratorCB1

1 Bus1 s Bus2

Figure 39. Selected system.

7.3 REX640 Hardware and Connections

For this application we are using three REX640 narrow hardware variant
relays. Figure 40 shows the different hardware placements and Table

3 shows the list of modules used in this thesis.
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Figure 40. REX640 narrow hardware drawing.
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Table 3. REX640 modules as used in this thesis.

Slot Card type Description

Al1-A2 COMO0001 Communication card

B BIO1001 Binary input/output
module

C BIO1001 Binary input/output
module

F AIM1001 Analog input module

G PSM1002 Power supply module

Figure 41 shows connections from the CB simulator to the relay and
from relay to the Omicron. The left-hand side shows the inputs of CB
position indications from the circuit breaker simulator and Start Sync
button where the synchronization can be started from. On the right-
hand side are the relay outputs to Omicron to raise or lower voltage or

frequency.



BIO1001/ BIO1003

Start_sync (Button) X1
_SY ( ) 1 M_.,BH 501:":,{
CB_Closed .| 2 %Bu soac L |
| I—
(B_Open ————1 T soscs L
N —I 18 S soacs—L |
From CB simulator 18 T8 sos T
L
Except Start_sync :; ::@——B\E SOE\;‘: L
1O o soocto
15 [Ifpg—se
113 BHD
14 @ —BI11
] }g :an
-+ 17
-184% =B
[x2

Figure 41. BIO1001 inputs and outputs in Generator 1 relay.
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Figure 42 illustrates how BIO is connected to CB simulator and Omi-

cron.

: Nl £ I e B e
00 '00: Q00
00 :00::: 000
00 :90: ¢ : Q00
00 ‘00 - : 000
00 00 Q00
00 :00: ¢ <000
00 ‘00! =000
“QQ_S_QQ: 38 . QOO0

From relay AUX +

gy m.. .Lﬁ

Figure 42. BIO connections in Generator 1 relay.
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Figure 43 illustrates the voltage measurements for relay, that controls

generator 1. The voltage measurements are coming from Omicron.

AIM1001

572407

. §|E VT1 (Vab)

572407

. §|E VT2 (Vbe)

57-240%

. §|E VT3 (Vea)

57-2400

[ Jf v

572400

o[ n JE_ VS

Voltage from generator
N

Voltage from bus

P G L R

175
; W 3E e
154
I
5 1754
o L e cm
7
8
9
1

L1

LLL

1/5A
. g\g CT4
. N m%‘g CT5 (for residual

current only)

J

Figure 43. AIM1001 connections in Generator 1 and 2 relays.

Figure 44 illustrates how Omicron is connected to the AIM modules.
The non-source breaker relay takes the voltage measurements from bus

A and bus B, which can be chained from the other two relays.



62

Generator 1

UnEnAEER
ok | I

Generator 2

Network Breaker

Figure 44. AIM connections in all the relay.

Figure 45 illustrates the outputs of the PSM-module, and the auxiliary
voltage from external power supply. The outputs S01 and S02 get their
auxiliary voltage from circuit breaker simulators auxiliary voltage out-

put.
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Figure 45. PSM outputs in all three relays.
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Figure 46 illustrates the connection between PSM, Omicron and CB sim-

ulator.
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Figure 46. PSM connections in Generator 1 relay.

PSM connection in Generator and Network breaker relays are similar as
in Generator 1 except that in CB simulator own breakers are used for

those. Table 4 shows the used signals in Omicron.

Table 4. Omicron signals used in testing.

Voltage output Binary inputs
1,2,3,4,N 1,2,3,4,5

1 = Voltage of bus 1 1 = Raise_U

2 = Voltage of generator 1 2 = Lower_U
3 = Voltage of bus 2 3 = Raise_F

4 = \oltage of generator 2 4 = Lower_F

5 = CB_Closed position
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Figure 47 illustrates how the relays are connected to the Omicron. Omi-
cron gives voltage measurements to the relay and the relay gives the
Omicron information to raise and lower either voltage or frequency. Re-

lay also gives information when it wants to close the CB.

Bus1 P Bus2

Figure 47. Omicron measurements.

Figure 48 shows how digital outputs are connected from the relay to
the Omicron. Close position comes from the circuit breaker simulator in
order to get the actual closing time of the circuit breaker. The close

position is taken from the breaker being tested.

Raise_U Close command

Lower_U

Raise_F

Lower_F

Figure 48. Omicron inputs.
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7.4 Necessary Steps in PCM600, Before Using Autosynchroni-

zation Wizard

To start the configuration wizard, the project needs to have at least one
relay with generator autosynchronizer package and one relay with net-
work autosynchronizer package, or you will get an error message as

seen in Figure 49.

Configure Autosynchronization X

Could not start Configure Autosynchronization Wizard. There should

o be atleast one relay with Generator autosynchronizer package and
one relay with Network autosynchronizer package to be created in
project. Please create objects accordingly and try again.

OK

Figure 49. Error in the configuration, if the relays do not meet the re-
quirements.

7.5 Autosynchronizer Wizard Tool

The usage of autosynchronizer wizard tool is not explained adequately
enough in REX640 manuals. Here we give the steps on how to use the
autosynchronization wizard and what to do after the wizard has com-

pleted. Figure 50 shows the steps on using the wizard.



Aretherelays
in the same
PCM600
project

structure?

No

Start autosynchronizer
wizard

Select relay(s) for
network breaker(s) and
the busbar whereit
resides

Y

Select relay(s) for
generator breaker(s) and
the busbarwhere it
resides

Wizard is complete

ure 51.

The autosynchronizer
wizard can’t be started

Figure 50. Work process flow chart of using wizard.
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All the relays must be at the same voltage level to start the autosyn-

chronization configuration wizard and must be REX640 as seen in Fig-
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+% Substation
&V Voltage Level
T Bay
- Generator1
E'_'n IED Configuration
+ fa Application Configuration
f.': Bay
= [Z] Network_Breaker
[53 1ED Configuration
+ i—a Application Configuration
T Bay
: Generator2
+ E IED Configuration
ﬂ, Application Configuration

Figure 51. Relays in PCM600.

The autosynchronization configuration wizard can be started by right
clicking substation and clicking “"Configure Autosynchronization” as

seen in Figure 52.

/" Plant Structure |

£ Thesis 2 wizard

T

v Collapse
Migrate Configuration
Communication Connection
IED Compare

IEC 61850 Configuration

|ED Summary

Account Management

THEAH LA

Import ...
Export ...
Read from IED...
Write to IED...
I Lifecycle Handling 3

Configure Autosynchronization

New 3

M Delete

Rename

Properties

Figure 52. Starting the autosynchronizer wizard.

First, a relay is selected for non-source circuit breakers, the bus connec-
tion is also given to each of the relays as seen in Figure 53. The IP
address and IED name should be the same as in the relay that you

choose.
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Autosynchronization configuration Page 2 of 5 - X

Non-generator Configuration

Add Non-generators

| o A ° Remove X Clear Al

IED Name IP Address Non-generator CB Breakers Bus Al Bus A2 Bus B1 Bus B2
AA1J1Q02Z ‘TQZ 168.2.11 ‘NonGmeratorCB' | 1 | BUS1 | BUS2 * | Not Configured ~ | Not Configured
[ cancel [ <Back Next >

Figure 53. Setting non-source circuit breaker.

The bus’s connection to each generator is also set on the next page and
the source circuit breakers for the generator are selected as seen in
Figure 54. Generators’ names must be given to each generator chosen.
IP addresses and IED names should be checked to make sure they

match the relays.
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Autosynchronization configuration Page 3 of 5 - X

Generator Configuration

| Add Generators

(+ Q@ remove X Clear Al

IED Name IP Address Generator Name Bus A BusB

AA1JIQOTAT-Generatc ~ [1921682.10 |61 | sust | Not configured - |

AA1J1Q03A1-Generatc |1QI 168.2.12 |GZ | BUS2 | Not Configured |
Cancel < Back Next >

Figure 54. Setting generators bus placement.

When all the relays and connections have been set, you will see all the

information and you can check if they are correct as seen in Figure 55.

Autosynchronization configuration Page 4 of 5 = x

Summary Page

| Please find the summary of autasynchronization configuration changes below

NonGeneratorCB1

" Bus1 Bus2

> o-

| | have reviewed configuration changes and agree to generate autosynchronization configuration for respective relays.
Note : Manual connections and settings made for autosynchronization configuration would be removed from respective relays. This

Previous configuration
Empty

|| will need to be re-configured

Cancel || <Back Next >

Figure 55. Summary of the wizard.

On the same page by scrolling down you will see information about all
the relays, all the names, all the bus placements, and all the non-source

and source circuit breakers as seen in Figure 56.



Summary Page

Please find the summary of autosynchronization configuration changes below

Please find below the impact of configuration changes for each relay

Relays included

AA1J1Q01A1(Generator 1)

GeneratorBusA

GeneratorBusB

figured

GeneratorUserDefinedName

Breaker Number

AA1J1Q03A1(Generator?)

will need to be r gured.

Figure 56. Confirming relays wizard settings.

iguration changes and agree to generate autosynchronization configuration for respective relays.
ons and settings made for autosynchronization configuration would be removec
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i from respective relays. This

Figure 57 shows the finish page, the wizard is complete and can be

closed, after this you can’t change the wizard configuration.

Finish Page

Autosynchronization configuration generated successfully for respective relays.

NonGeneratorCB1

Bus1 Bus2

G1_CB
{} ) 61

Figure 57. Confirming the wizard.

Finigsh

Autosynchronizer wizard automatically does GOOSE communication be-

tween the relays. The GOOSE communication can be checked in PCM600

between the relays. We will discuss how to verify that GOOSE commu-

nication works between the relays later.
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7.6 Finalizing Configurations

Figure 58 shows a new MainApplication sheet called AutoSync, which
the autosynchronizer wizard created. The configuration still lacks the
inputs from the measurements and inputs and outputs from the circuit

breaker. You can see all the finalized configurations in Appendix 2.

L ASCGAPCH 2
ASGCSYNT | &

L — 1 —

erlocking ;, General ;, Measurement |, Protection ), Supervision |, Disturbance_Recorder |, Logic Cammunlmno:

Figure 58. Wizard created a new MainApplication sheet.

7.6.1 Adding Voltage Measurements

The wizard does not add three-phase voltage preprocessing functions to
the configuration, those should be added to the project as seen in Fig-
ure 59. To simplify, in the configuration to be tested, only one-phase

voltage measurements from both sides of the breaker are used.
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Figure 59. Added voltage measurements.

Figure 60 shows how the UTVTR outputs are connected to the ASGCSYN
function block. UTVTR1’s (U3 Gen) is connected as generator voltage

and UTVTR2's (U3 Bus) is bus voltage.

Cl
U3_Ger T 1P TINC_NSROS
UT_Bus s 72 TNC_OK®
b 500K MATCH_NERO
b CL_COMMAT MATEH_Och
oad
# Goa TET CMO_FEL_AS
b ocs cLos g
§ Goa o LA
® 150_A_CLOS= oach
850z coE oaGe
b MODE_ GOV CaSEECTE S
|. MOCE_Ie RESE ue
# DR005_GOV LonE_e
# DROCE_AR sniz e
'. '%l'_ﬁ-“-" __‘?5-2 .
b GOV EN_LO GOV_CROZ
® 4R A W8 DR002 8
® BE_AMLO MOD_CHG_GOW
$ DFF_\J_IEC1 MOD_ CHG_ARS
& CFFF_ASCY GEN_ASC_DATA
& 15Ci_GRN_DaT
%

Figure 60. Adding voltage measurements to ASGCSYN.

Figure 61 shows examples, how other inputs are connected to AS-
GCSYN. CL_COMMAND gives signals to the function to start synchroniz-
ing, this signal is usually taken from a panel button.
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EXT_CHECK must be set TRUE for ASGCSYN to start working when given
permission. ISO_A_CLOSE is also set to TRUE for making sure that the
disconnector is closed (disconnectors are not used in this example). Next
Droop GOV and Droop AVR are set TRUE in the case Central PMS (power
management system) parameter is set to NO. Circuit breaker positions
are from CBXCBR's output.

Figure 61. Adding inputs to ASGCSYN.

Figure 62 shows the outputs added to the ASGCSYN. SYNC_OK output
is given when the generator and bus are in sync, SYNC_OK and
CLOSE_CB outputs must be given to the circuit breaker block CBXCBR
for the CB to close. RAISE_U, LOWER_U, RAISE_F and LOWER_F outputs
are given to the output hardware channels, to give commands to the

AVR and the governor.
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ASGC 5YN1 al
U3_Gen =t 3P| TNC_NAROR
UI_Bus Z———8 Uit SYNC_OK 8 ASGCSYNL[1]_SYNC_OK
Start_syrc T O C
) E ASGCSYN1[1]_CLOSE CB
TRUE S

GEN_CEBXCEBR1_CLOSEROS 2D

GEN_CEBXCEBR1_OPENPOS D

Figure 62. Adding outputs to ASGCSYN.

7.6.2 Adding a Source Circuit Breaker

Figure 63 shows an example on how to connect inputs and outputs of
the circuit breaker block CBXCBR. The position of the circuit breaker

must be given to the function for it to know when to close or to open.

ENA_OPEN and ENA_CLOSE must be set to true for enabling CB opening
and closing. To enable the function to open or close the CB, BLK_OPEN
and BLK_CLOSE must be set to false.

AU_CLOSE and SYNC_OK signals from the ASGCSYN must be connected
to the CBXCBR function.

Outputs from the CBXCBR are: EXE_OP as open command to the circuit
breaker, EXE_CL as close command to the circuit breaker, OPENPOS as
CB open position information for ASGCSYN and CLOSEPOS as close po-
sition information to ASGCSYN.
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GEN_CBXCBR1 |
CBGen_Open = POSOPEN -
CBGen_Closs = %8 POSCLOSE $——a > GEN_CBXCBR1_EXE_OP
TRUE D—:l ENA_OPEN &> GEN_CEXCBR1_EXE_CL
® ENA_CLOSE OP_REQe
FALSED—:' BLK_OPEN CL_REQe
» BLK_CLOSE OFENFOS@———> GEN_CBXCBR1_OPENPOS
» AU_OPEN CLOSER(Se——«> GEN_CBXCBR1_CLOSEPOS
ASGCSYN1[1]_CLOSE CB S AU_CLOSE OKPCSe
» TRP OPEN_ENAD®
ASGCSYN1[1]_SYNC_OK S8 SYNC_X CLOSE_ENAD®
b SYNC_EYPASS CTL_ITL_BLKD®
» TL_BYFASS
—____oxmziaT )

Figure 63. Circuit breaker block configurations.

7.6.3 Adding Non-source Circuit Breaker

ASNSCSYN is configured as the same way as ASGCSYN, but it does not
have as many inputs and outputs. Voltage measurements, circuit
breaker (CBXCBR) inputs are added the same way as in the ASGCSYN
function block. Figure 64 shows the fully configured ASNSCSYN.

(T ASNSCSYNT |

Busl_U3P st 3P CL_Fk __IL+
Busd L3P D-——-? U2 CMC_FaL A
£ LE_NIT_FELS
S CLOSE Coe———iT>» ASNSCSYN1[1]_CLOSE CB
Start_sync Ep— CL_COMI SINC_OK#——————> ASNSCSYN1[1]_SYNC_OK
TRUE T ey - MLTES ©

CEXCER1[1]_OPENPOS i
CEXCBR1[1]_CLOSEPQS

- 1

Figure 64 ASNSCSYN function block.

7.6.4 Source Selection

Each relay must have a source selection set if the network has ASGCSYN
and ASNSCSYN. ASCGAPC must know which source to synchronize first
before other sources can be synchronized. Figure 65 shows that the
selection is made with each relay’s ASCGAPC control parameters. The
tuning source is selected in the case when a non-source circuit breaker

(NSCB) is trying to be synchronized to another energized bus.
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Setting group Sourcel selected True
Source2 selected False

Settings Source3 selected False
Source4 selected False

Configuration Source5 selected False
Source6 selected False

Control Source7 selected False
Source8 selected False

- ASCGAPC1 Tuning source Source 1
Confirm source Sel False

Information

Edit

Figure 65. Source selected for generator 1.

7.6.5 Parameters
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The parameters for testing ASGCSYN are given in Figure 66 and Figure

67.

AUTOSYNCG
Operation an
Synchrocheck mode Asynchronous
Dead voltage value 0,20 xUn
Live voltage value 0,50 xUn
Maximum voltage 1,20 xUn
Minimum voltage 0,80 xUn
Voltage match mode Variable Pulse
Frequency match mode Variable Pulse
Minimum Syn time 0 ms
Maximum Syn time 60000 ms
Energizing time 100 ms
Central PMS present No
Volt pulse off Intv 2000 ms
Volt pulse Min Dur 500 500 ms
Freq pulse off Intv 10000 ms
Freq pulse Min Dur 500 500 ms
Auto Syn mode Automatic synchronising me

Figure 66. ASGCSYN general parameters.
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settingGroup 1 ©
Live dead mode Off
Freq Diff Ov Synch 0,002 xFn
Freq Diff sub Synch 0,002 xFn
Coarse Freq Diff Ov 0,002 xFn
Coarse Freq Diff sub 0,002 xFn
Voltage Diff Ov Ex 0,01 xUn
Voltage Diff Un Ex 0,01 xUn
Coarse Volt Diff Ov 0,01 xUn
Coarse Volt Diff Un 0.01 xUn
Angle Diff positive 5 deg
Angle Diff negative 5 deg
Volt rate of change 0,003 xUnfs
Freq rate of change 0,002 xFn/s
Phase shift 0 deg
Closing time of CB 60 ms
Multiple command Off
Synchronization Dir Always over synchronous
Vaoltage offset 0,000 xUn
Frequency offset 0,000 xFn

Figure 67. ASGCSYN setting group parameters.

See Figure 68 and Figure 69 for ASNSCSYN parameter settings.

Group / Parameter Name IED Value PC Value Unit Min Max
ASNSCSYN1: 1
AUTOSYNC(1)

Operation on
Synchrocheck mode Asynchronous
Dead bus voltage 02 xUn 01 028
Live bus voltage 0.5 xUn 02 1,0
Max energizing \V 1,05 xUn 0,50 1,30
Phase shift 0 deg -180 180
Minimum Syn time 0 ms 0 60000
Maximum Syn time 60000 ms 100 6000000
Energizing time 100 ms 100 60000
Closing time of CB 60 ms 40 250
Auto Syn mode Automatic synchronising mi

Figure 68. ASNSCSYN general parameters.



settingGroup 1 ®
Live dead mode Off
Diff voltage 0,03
Diff frequency 0,040 0,040
Diff angle 5 5
Multiple command Off
Voltage offset 0,000
Frequency offset 0,000

Figure 69. ASNSCSYN setting group parameters.

xUn
xFn

deg

xUn

xFn

0,01
0,001

-0,100
-0,010
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0,50
0,080
90

0.100
0,010

Just to simplify, the settings used in this thesis, are slightly different

than those used in Appendix 1. The parameters are written to the relay

with PCM600.
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8 VERIFYING CONFIGURATIONS

In this chapter, we will go through, how to verify the configuration. First,
we will go through how to check that the relays communicate with each
other through GOOSE. Next, we will evaluate the configuration with
Omicron to see that the configuration works as intended. The detailed

verification is explained in Appendix 1.

8.1 GOOSE Communication

The communication between the relays is done by GOOSE. Table 5
shows meaning of different GOOSE signal data.

Table 5. GOOSE signal data table.

LDO0.ASCGAPC1.Dif.VClc.mag.f Voltage difference calculation
LD0.ASCGAPC1.Dif.VCle.q Quality of goose signal
LD0.ASCGAPC1.DifHzClc.mag.f Frequency difference calculation
LD0.ASCGAPC1.DifHzClc.q Quality of goose signal
LD0.ASCGAPC1.DatOutSrcl.stVal Input data from source number 1
LD0.ASCGAPC1.DatOutSrcl.q Quality of goose signal
LD0.ASCGAPC1.DatOutSrc2.stVal Input data from source number 2
LD0.ASCGAPC1.DatOutSrc2.q Quality of goose signal

Figure 70 shows how to check GOOSE signals. The relay shows what

communication it receives and what it sends.
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Protection
Force Functions Force Outputs Force Inputs View /O Monitoring
Secondary Protection
Send Events Injection Measurement
Monitoring Direction
View GOOSE View GOOSE View SMV View SMV
Sending Receiving Sending Receiving
Test mode selection Internal fault test Test mode Allow Simulation
Local v Testoff v Normal mode v False v

Figure 70. Checking GOOSE.

Figure 71 shows that the Generator 1 relay sends information to the

network breaker relay. The number of the data changes depending on
the inputs given to the ASGCSYN function block. The different kind of

combination of the inputs can be found in Appendix 1.

FleX(iaO GOOSE Sending 07.05.2&10 2 ‘ ADMINISTRATOR L
eneratorl 06:19 Z
Receivers gcbGoaseDS
all o ™ mac: 01-0C-CD-01-00-01 cobpld: (x0002 °
AA1J1Q02A1 [®) LDO.ASGGAPCL.GnASCDat.stval 74658 Q
Show Quality

o)

Figure 71. Checking GOOSE sending between relays.

Figure 72 shows that generator 1 receives GOOSE communication from

network breaker relay.
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gi)e(gi?l GOOSE Receiving 02::52(;;0 9 ‘ ADMINISTRATOR = 0
Senders gcbGooseDS
AA1J1Q02A1 () ™ mac: 01-0C-CD-01-00-00 wﬁf"é’e‘i’ i °
LDO.ASCGAPC1.DatOutSrcl.stval 2 (®)
LDO.ASCGAPC1.DatOutsrel.q good:good (®)
LD0.ASCGAPC1.DifVCle.mag f 0.000000 xUn @
LDD.ASCGAPC1.DifVClc.q good:good o
LD0.ASCGAPC1.DifHzClc.mag f 0.000000 xFn @
LD0.ASCGAPC1.DifHzClc.q good:good o
Show Quality

Figure 72. Relay receiving GOOSE.

8.2 Testing ASGCSYN

Figure 73 shows how the autosynchronizer adjusts the voltage and fre-

quency seeking values which fulfils the closing conditions.

-300 -200 -100 0 100 200 300 dfimHz

Figure 73. Relay synchronized Sync View.
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Figure 74 shows the angle at the CB closing command and the actual
CB closing. The relay gives command at the negative phase angle so

that the CB will close at over-synchronous side (positive angle side).

Figure 74. Synchroscope view of Omicron.

Figure 75 shows the voltage, frequency, and phase angle at the starting

point, the end point, and the point when CB is closed.
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Adjustment Test (Deltas)

Start point EP On CB Close Command :
[ EP On CB Close Synchro | Gen. ! o .
- - - - - Time | Model
AV ' Af ' APhi AV ' Af ' APhi ' tAPhi=0 g g
3876V -0.182Hz: 0,000 ° 0891V: 0,063 Hz: -0.838 ° 0,037 s 12,597 51dV/dt= 0.8 | Passed
: : 0,891V 0,063Hz: 0,525, 0,023 s ‘Wis :
; ; ; ! dffdt= 0.2
1 1 Hz/s
(EP=End paint)
Adjustment Test (Abs. Value)
Start point EP On CB Close Command : :
[ EP On CB Close Synchro | Gen. | o
- - - - Time : Model
v o f ' Phi v o f ' Phi ' '
103,876 Vi 49818 Hz ! 0.000°| 100.891V: 50,063Hz: -54838° 12,597 5.1 dV/dt=0.8 |Passed
: : 100,891V 50,063Hz: -53475° ‘Wis
; ; ! dfidt= 0.2
Hz/ls

(EP=End point)

Figure 75. Report view of the synchronization.

Figure 76 shows the synchronization results. The tests were made with
the same starting point. The EP (end point) shows the difference be-
tween the values when the closing command was given by the relay,

and when the CB actually closes. The CB simulator is set to 60 ms closing

time.
Test Start point EP CB close command EP on CB close Synchro Time (s) |Gen Model Result
\ f Phi \% f Phi

1 103,876 49,818 0 100,919 50,07 -137,595 15,333|dv/ dt =0,8v/s |Passed
100,919 50,07 -136,181 df/dt =0,2Hz/s

2 103,876 49,818 0 100,919 50,58 -98,151 13,815|dv/ dt =0,8 v/ s |Passed
100,919 50,58 -96,896 df/dt =0,2Hz/s

3 103,876 49,818 0 100,911 50,061 -117,9 13,814(dv/dt =0,8v/s [Passed
100,911 50,061 -116,58 df/dt =0,2Hz/s

4 103,876 49,818 0 100,907| 50,063 2,618 11,86(dv/dt =0,8v/s [Passed
100,907| 50,063 3,98 df/dt =0,2Hz/s

5 103,876 49,818 0| 100,907 50,057 -94,408 13,935(dv/ dt =0,8v/s |Passed
100,907| 50,057 -93,175 df/dt =0,2Hz/s

6 103,876 49,818 0 100,903| 50,055 121,585 29,047(dv/dt =0,8v/s [Passed
100,903| 50,055 122,775 df/dt =0,2Hz/s

7 103,876 49,818 0 100,696| 50,057 90,987 18,125(dv/dt =0,8 v/ s |Passed
100,696 50,057 90,22 df/dt =0,2Hz/s

8 103,876 49,818 0 100,887 50,058 -107,218 30,554[dv/dt =0,8v/s |Passed
100,887| 50,058 -105,963 df/dt =0,2Hz/s

9 103,876 49,818 0 100,919 50,058 49,446 20,903|dv/dt =0,8v/s |Passed
100,919 50,058 50,058 df/dt =0,2Hz/s

10 103,876 49,818 0 100,891 50,063 -54,838 12,597|dv/ dt = 0,8 v/s |Passed
100,891 50,063 -53,475 df/dt =0,2Hz/s

Figure 76. Results of 10 tests.

The signals needed in ASGCSYN, so that it works in the generator
breaker synchronization, are shown in Table 6. The relay is se Lo-

cal/remote = Local.



Table 6. ASGCSYN operating signals.

Signal True False
EXT_CHECK X
GCB_CLOSE X
GCB_OPEN X
ISO_A1_CLOSE X
ISO_A1_CLOSE X
MODE_GOV X
DROOP_GOV X
DROOP_AVR X
GOV_ALM_HI X
GOV_ALM_LO X X
AVR_ALM_HI X
AVR_ALM_LO X X
X defines the status of the signal.
Table 7 shows which signals prevent the synchronization.
Table 7. ASGCSYN non-operating signals.
Signal True False
EXT_CHECK X
GCB_CLOSE X
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GCB_OPEN X
ISO_A1_CLOSE X
ISO_A1_CLOSE X

MODE_GOV X

DROOP_GOV X

DROOP_AVR X

GOV_ALM_HI X
GOV_ALM_LO X
AVR_ALM_HI X
AVR_ALM_LO X

X defines the status of the signal.

8.3 Testing ASNSCSYN

When starting to synchronize an asynchronous situation where bus A
and bus B are not in synchronization, the selected tuning source must
have its circuit breaker closed and feed either bus. The relay must be
set remote mode to be able to participate in the tuning. Figure 77 shows
the participating window when trying to synchronize the non-source cir-

cuit breaker when both buses are live.
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26.04.2010
21:01 %

Participating Generator Selection
- Confirm

Generator 1 | Generator 2 generator
= selection

3

Tuning source No selection

ENERG_STATE Both Live
MATCH _OK False
MATCH STATUS No source selection

Figure 77. Selecting participating generator.

Figure 78 shows the available participating generators, now only gen-
erator 1 has its CB closed and is in remote mode. Generator 2 has re-
mote mode ON, but the CB is not closed.
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03.04,2010
04:04 3

Participating Generator Selection

i ;/ﬁ‘ Generator 1

Tuning source No selection

ENERG_STATE Both Live

MATCH_OK True
MATCH STATUS No source selection

Figure 78. Participating generator.

Figure 79 shows selecting the tuning source after the participating gen-
erator has been chosen. It must be chosen also here to make sure which
the generator does the tuning.

Tuning source
No selection

Generator 1

Figure 79. Selecting tuning source.

Figure 80 shows the synchronization window when the tuning source
has been selected. It shows that matching is in process, if the tuning
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source has not been selected, then the match status would read: “tuning

source not selected”.

1ee

03,04,2010
04:05

U_BUSA_MEAS 19.75 kV 49.00 Hz FR_BUSA_MEAS
U_BUSB_MEAS 20.11 kV 49.00 Hz FR_BUSB_MEAS
MATCH STATUS Matching in progress

Frequency

Figure 80. Matching in process.

The generator relay which is participating in tuning must be set to 1o-

cal/remote = remote.

The ASNSCSYN needs a tuning source to synchronize the busbars. In
this case, the information of the generator that is selected is added to
the Table 8 and Table 9. These two tables show what signals the func-
tions need to work, and what signals makes it that the function does not

work.

Table 8. Signals where synchronization works.

Signal True False

EXT_CHECK X

CB_CLOSE X




CB_OPEN X
GCB_CLOSE (The tun- X
ing source)
ISO_A_Close (The tun- X
ing source)

X defines the status of the signal.

Table 9. Signals where synchronization does not work.

Signal True False
EXT_CHECK

CB_CLOSE X

CB_OPEN X
GCB_CLOSE (The tun- X

ing source)

ISO_A_Closed (The X
tuning source)

X defines the status of the signal.
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9 CONCLUSIONS AND DEVELOPMENT PROPOSAL

The focus of the thesis was to create a working and tested configuration
on autosynchronizer function. There is no guide on what to do after us-
ing autosynchronizer wizard, which has caused many customers to send
support requests, as they do not know the mandatory signals for the
function to work. Many do not even know that the autosynchronizer wiz-

ard is available.

As an example, while working on this thesis, one customer reported that
they could not start synchronization from the relay. It was noticed that
they did not have the right circuit breaker in their SLD (single line dia-
gram), which resulted the synchronization unable to be started from the
relay. The customer did not have the EXT_CHECK true in any way in

their configuration when closing the circuit breaker locally.

This thesis was a long project, which succeeded in creating a technical
note. The easiest part of the thesis was making the configuration, but
the most difficult part was testing all the functionalities. This work re-

quired a lot of testing and orientation.

All objective for this thesis has been successfully completed. If this kind
of technical note would have been available already when autosynchro-
nizer functions were released, support would have saved weeks of their
work, and some projects postponing would have avoided. ABB R&D has
reviewed and provided positive feedback on the technical note.

Future improvement ideas and proposals:

e Further clarification is recommended regarding the GOOSE code
combinations. Because comprehensive lists are not available.

e To make the autosynchronizer documentation simple as possible
and fast to use, it would be beneficial to add hyperlinks pointing

to the additional information.
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Remotely initiating close command from upper-level system
would also be beneficial to be tested.

For future improvements of autosynchronization documentation a
follow-up project, where a real generator or real-time simulator

used for testing would be important to have.
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Generator autosynchronizer configuration IMRS7569xx EN
REX640

1 Scope

The present document describes how to configure and test the REX640 autosynchronization
functions with Omicron secondary injection test device. This document is intended for persons
who already have basic information and some experience on testing autosynchronization. This
is an Omicron test where we don’t use real generator. In this guideline, we will go through the
process of testing relay autosynchronization functions using Omicron. Please note that this
test is not intended for commissioning or synchronizing a real generator, as those processes
involve entirely different procedures and considerations.

First, the guidelines provide basic instructions for configuring ASGCSYN, ASNSCSYN, and
the coordinator function ASCGAPC using the Autosynchronizer Wizard. Next, necessary
steps are provided for completing the autosynchronization configuration. Following this, the
procedure for verifying mandatory signals and GOOSE communication is outlined. Finally,
the document concludes with instructions on how to test the autosynchronizer configuration
using Omicron.

KEYWORDS: autosynchronizer, wizard, REX640, PCM600, Omicron

© Copyright 2025 ABB Oy, Distribution Solutions, Vaasa, FINLAND 2 (67)



Generator autosynchronizer configuration IMRS7569xx EN
REX640

2 Introduction

Before a generator can be connected to a network, it must be synchronized with the system in
terms of voltage, frequency, and phase. Any significant deviation during synchronization can
cause severe damage to both the generator and the network. Synchronization can be performed
manually, semi-automatically, or automatically.

In automatic synchronization, a synchronizing device manages the generator’s frequency and
voltage using the governor and Automatic Voltage Regulator (AVR). Once the
synchronization criteria are met, the device sends a close command to the generator circuit
breaker (CB) to connect the generator safely to the grid.

After synchronization, the generator's output must be continuously adjusted to match the
changing power demand. This applies to both active power (real power) and reactive power,
ensuring stable and efficient operation within the network.

© Copyright 2025 ABB Oy, Distribution Solutions, Vaasa, FINLAND 3(67)
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3 Application case and connections

In this technical note, we will use an example of two generators and one network breaker, as
shown in Figure 1.

(el

NSCB
Busbar Busbar

GCB I ‘T"?' GCB | ! ‘Tih'

Figure 1. Selected system diagram.

© Copyright 2025 ABB Oy, Distribution Solutions, Vaasa, FINLAND 4 (67)
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4 Starting with wizard

Manually configuring the autosynchronization scheme in PCM600 can be complex and time-
consuming, especially when the system includes both generator circuit breakers (GCBs) and
non-generator circuit breakers (also known as non-source circuit breakers, NSCBs). The
"Configure Autosynchronization" wizard in PCM600 helps to simplify this process. It allows
users to set up the autosynchronization scheme using easy-to-understand terms, making it
easier to interpret the network topology.

The relay can synchronize both GCBs and NSCBs, such as grid connection or bus coupler
circuit breakers, by using specific function blocks to manage the synchronization process:

e ASGCSYN: Used for synchronizing GCBs.
e ASNSCSYN: Used for synchronizing NSCBs.

e ASCGAPC: A coordination function that manages control requests and enables
communication between relays in the autosynchronization system.

The "Configure Autosynchronization" wizard generates the configuration with IEC61850-8-1
GOOSE engineering, function block parameters in the Parameter Setting, and necessary
connections in the Application Configuration for ASGCSYN, ASNSCSYN, and ASCGAPC.
It also provides a preview of the network topology in the form of a Single Line Diagram (SLD).

Wizard work process is shown in Figure 2.

© Copyright 2025 ABB Oy, Distribution Solutions, Vaasa, FINLAND 5(67)



Generator autosynchronizer configuration
REX640

IMRS7569xx EN

Aretherelays
in the same
PCM600

No

project
structure?

Start autosynchronizer
wizard

Select relay(s) for
network breaker(s) and
the busbar whereit
resides

Y

Select relay(s) for
generator breaker(s) and
the busbarwhere it
resides

Wizard is complete

Figure 2. Wizard work process flowchart.

The autosynchronizer
wizard can’t be started
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4.1 Example case

This technical note shows how to create a configuration for two parallel generator network
with a network breaker between them as illustrated in Figure 3.

NonGeneratorCB1

Bus1 i Bus2

~

n

(]
(]
[a]

G1_CB _CB

(]
(¥

Gl

Figure 3. Network configuration used in this guide.

To start the Wizard, the substation must be at least in the same voltage level, and at least one
relay must have the generator autosynchronizer package and one relay must have the network
autosynchronizer package in the created project as seen in Figure 4. In this example we will
be using three relays which control the breakers.

- 7% Substation
g XY Voltage Level
TIF Bay
? E Generator1
i [34 1ED Configuration
‘ fa Application Configuration
B ﬁ: Bay
! 2 Network_Breaker
- @ |ED Configuration
H ﬂ, Application Configuration
. TIF Bay
5 Generator2
i [34 1ED Configuration
‘ fa Application Cenfiguration

Figure 4. How relays are shown in PCM600.

© Copyright 2025 ABB Oy, Distribution Solutions, Vaasa, FINLAND 7(67)
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The wizard can be started by right clicking substation and selecting Configure

Autosynchronization as seen in Figure 5.

/" Plant Structure |

g Thesis 2 wizard

s

v Collapse
Migrate Configuration

Cemmunication Connection

IED Compare
IEC 61830 Configuration
IED Summary

LEHEH EA

Account Management

Import ...
Export ...
Read from IED...
Wirite to IED...
Y Lifecycle Handling »

‘ & Configure Autosynchronization

New 3

W Delete

Rename

Properties

Figure 5. How to start autosynchronizer configuration wizard.

The first screen is a welcoming page as seen in Figure 6. On Welcome Page, click Next to

configure first the topology for NSCBs and then for GCBs.

Autosynchronization configuration Page 1 of 5 - x

Welcome Page

This wizard helps you to setup the autosynchronization scheme for the selected project
| Click “Next" to start setting up.

|
| Cancel Next >

Figure 6. Configuration wizard pop-up.

© Copyright 2025 ABB Oy, Distribution Solutions, Vaasa, FINLAND
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Next, we will choose non-source (non-generator) and source (generator) breakers to be added
into the configuration.

The non-generator CB is added and the relay that controls it. As seen in Figure 3 we want the
non-source CB to be between generator 1 and generator 2. Therefore, we add the busbars Al-
A2 as seen in Figure 7.

On the Non-generator Configuration page, configure the topology by adding, removing or
clearing NSCBs. The page displays the relays from the PCM600 project setup that support the
Network autosynchronizer application package. It is possible to synchronize up to 17 NSCBs
in the configuration.

IED Name: Shows a list of relays with non-generator capabilities that can be selected
and added to the configuration

o IP Address: Shows the IP address of the selected non-generator (read only)

e Non-generator CB ID: Shows an autogenerated non-generator circuit breaker ID to
identify the breaker in the SLD preview controlled by the relay (read only)

e Breakers: Used to specify the number of breakers a relay can control

e Bus Al: Used to specify the Bus A1l value for a non-generator in a single bus system
e Bus A2: Used to specify the Bus A2 value for a non-generator in a single bus system
e Bus B1: Used to specify the Bus B1 value for a non-generator in a double bus system

e Bus B2: Used to specify the Bus B2 value for a non-generator in a double bus system

© Copyright 2025 ABB Oy, Distribution Solutions, Vaasa, FINLAND 9 (67)
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Autosynchronization configuration Page 2 of 5 - X

Non-generator Configuration

| Add Non-generators

| o / ° Remove X Clear Al

IED Name IP Address Non-generator CB  Breakers Bus Al Bus A2 Bus B1 Bus B2

AA1J1Q02 ‘T92.1682 n ‘N:nGeneratarCB' | 1 | BUS1 BUS2 Not Configured Not Configured

! Cancel < Back Next >

Figure 7. Selectiﬁg non-source circuit breaker.

Generator relays are added to the correct busbars as seen in Figure 8. On the Generator
Configuration page, configure the topology by adding, removing or clearing GCBs.

The page displays the relays from the PCM600 project setup that support the Generator
autosynchronizer application package. It is possible to synchronize up to eight GCBs to the

configuration.

o IED Name: Shows a list of relays with generator capabilities that can be selected and
added to the configuration

o IP Address: Shows the IP address of the selected generator (read only)
e Generator Name: Used to specify a user-defined name for the generator
e Bus A: Used to specify the Bus A value for a generator in a single bus system

e Bus B: Used to specify the Bus B value for a generator in a double bus system

E! NOTE: Bus A and Generator Name are mandatory to configure for generators. Use
unique values in Bus A and Bus B for a given generator.
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E! NOTE: The value in Generator Name is later shown in the SLD preview and the
REX640 LHMI dialog where the synchronization for NSCBs is initiated. The
generator name can be modified in this field only.

Autosynchronization configuration Page 3 of 5 - X

Generator Configuration

| Add Generators

o A ° Remove X Clear A

| [ 0 Name 1P Address Generator Name Bus A BusB

AA1JIQO1A1-Generate ~ [192168210 |61 | sus1 | Not configured ~ |

AA1J1QO3A1-Generatc |‘92“55 2.12 |GZ | BUS2 - | Not Configured |
Cancel < Back Next >

Figure 8. Selecting relays for generators.

In page 4 the configuration shows what the configuration looks like, and all the information
of the relays as seen in Figure 9 and Figure 10.

Autosynchronization configuration Page 4 of 5

Summary Page

| Please find the summary of autosynchronization configuration changes below

NonGeneratorCB1

Bus1 Bus2

by )

Previous configuration
Empty

V1 | have reviewed configuration changes and agree to generate autosynchronization configuration for respective relays.
Note : Manual connections and settings made for autosynchronization configuration would be removed from respective relays. This
will need to be re-configured.

[ cancel |[ <Back |[ Next> I‘

Figure 9. Information on what the configuration looks like.

E NOTE: In case Autosynchronization Configuration has already been used to complete
the configuration, the impact of configuration changes for each relay is shown on

© Copyright 2025 ABB Oy, Distribution Solutions, Vaasa, FINLAND 11 (67)



Generator autosynchronizer configuration IMRS7569xx EN

REX640

Summary Page. Review the configuration changes by comparing the SLDs of the
current and previous configurations before initiating the configuration generation.

Summary Page

| Please find the summary of autosynchronization configuration changes below
Please find below the impact of configuration changes for each relay
Relays included

AATQOTAT(Generator1)

(Generatar

INotconfigured

respective relays

tion changes and agree to generate autosynchronizatio
ed from respective relays. This

d settings made for autosynchronization configuration would be r

will need t

Cancel < Back Next >

Figure 10. Information about generator 1

In page 5 of the wizard configuration the configuration is done, and you can continue by
pressing finish as seen in Figure 11.

Finish Page

Autosynchronization configuration generated successfully for respective relays.

NonGeneratorCB1

Bus1 Bus2

o .

Finigsh

Figufe 11. Autosynchrdhization view.

The GOOSE data sets generated by the tool containing all the entries required to be exchanged
among the relays for the autosynchronization process. No further user actions are required
regarding the GOOSE engineering for the autosynchronization process. However, GOOSE
data exchange for any other logic or scheme may be handled manually.
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5 After wizard is completed

In this section, we will review the aspects that the wizard has not configured, as well as the
input and output variables that must be configured to complete the autosynchronization
functions. The main objective is to have a fully operational system.

5.1 ASGCSYN (generator circuit breaker)

When the wizard is finished a new MainApplication has been added called AutoSync
which has ASCGAPC and ASGCSYN. In Figure 12 you can see that the voltage
measurements (U3P1 and U3P2) are not yet connected to the ASGCSYN. Circuit Breaker
control (CBXCBR) is also missing.

| omm—

— 1 —

Figure 12. Generator 1 AutoSync MainApplication.

5.1.1 Adding ASGCSYN missing inputs and outputs

First the generator and busbar voltage preprocessing function UTVTR must be added.
UTVTRI is used for generator voltage and UTVTR2 for bus voltage. See Figure 13. These
outputs are connected to ASGCSYN. U3P1 (for generator) and U3P2 (for busbar).
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Slot F[AIM).X1-1;2_WT1 =
Sict F (AIM).¥1-8;10 VTS =
5

Figure 13. Configuring voltage measurements.

Next, ASGCSYN mandatory inputs and outputs are added. EXT CHECK must be set TRUE
so that the logic will be allowed to start synchronizing. ISO A CLOSE is set to TRUE to
represent a disconnector which needs to be closed in synchronization. GCB_OPEN and
GCB_CLOSE are needed from CBXCBR to know the CB position. DROOP GOV and

DROOP_AVR are set to TRUE for ASGCSYN, being able to participate in non-source breaker
synchronizing.
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SYNC OK and Close CB are given to circuit breaker control to close the circuit breaker
when the system is in synchronization. RAISE U, LOWER U, RAISE F, and LOWER_F are
made as outputs that control AVR and governor.

a
U3_Gen Tr————e 1M SNC_NSRQe
U3_Bys 4 I SYNC_O 8= ASGCSYN1[1]_SYNC_OK
* B.0CK MATCH_maRop
Start_sync Zr————% CL_COUMAND MATCH_O(®
= EXT_CHECK CLOSE cap—1> ASGCSYN1[1]_CLOSE_CB
& OYRASS CLFAL_AY
TRUE D> & GC8_TEST CuD_FaL_AY
GEN_CEXCBR1_CLOSEPOS 3D ¢ GCS_CLOSE LG
_ r_f GCH_ 0PN LGy
GEN_CENCBR1_OPENPOS D — 050 A _CLOSE caLGy
® IS0 _CLOSE DanGe
& UODE GOV cE = EcTEe
& NODE_MR AueE yyr— ASGCSYNL[1]_RAISE_U
= DROCE_GOV LowEs_ye——> ASGCSYN1[1]_LOWER_U
——# DRO0E_4R RASE P> ASGCSYN1[1]_RAISE_F
& GOV_&LM_H LONSS_Fe——> ASGCSYN1[1]_LOWER_F
S GOVAN_LOD GOV_DRO0=D
& A1 IVR_CRO0s e
& ANE_AM_LO MOD_CHG_GOv
DIFF_\U_ASC1 MOC_CHE_IRe
DIFF_F_ASC1 GEN_ASC_DATA >—|
| ASC1_GEN_DAT

Figure 14. Added inputs and outputs to the ASGCSYN.

For CBXCBR to close the CB the CLOSE CB and SYNC OK must be connected to CBXCBR
as seen in Figure 15 and Figure 16.

ASGCSYN CBXCBR A r

CLOSE_CB |——»{AU_CLOSE  ExE_cl———3 | |

SYNC_OK —— = SYNC_OK

Figure 15. ASGCSYN and breaker connection.

CBXCBR1 a
CBGen_Open =#————————e POSOPEN SELECTED
CBGen_Close = »——————# POSCLOSE EXE_OPs———> GEN_CBXCBR1_EXE_OP
TRUE S———p——$ ENA OPEN EXE_CLe———————> GEN_CBXCBR1_EXE_CL
s ENA_CLOSE OP_REQs
FALSEZh—:- BLK_OPEN CL_REQ
» BLK_CLOSE OPENPOS®————4> GEN_CBXCBR1_OPENPOS
AU_OPEN CLOSEPOSe————4—> GEN_CBXCBR1_CLOSEPOS
ASGCSYN1[1]_CLOSE_CBS»————————s AU CLOSE OKPOSs
TRIP OPEN_ENAD,
ASGCSYN1[1]_SYNC_OK=»—————» SYNC_OK CLOSE_ENAD
SYNC_BYPASS CTL_ITL_BLKD,
ITL_BYPASS
DI

Figure 16. Generator relay CBXCBR after adding inputs and outputs.
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5.1.2 Information about droop

ASGCSYN Central PMS (power management system) must be set to YES for the
MODE GOV and MODE AVR to take inputs. If the PMS is set to NO governor and AVR
mode is decided through DROOP_GOV and DROOP_AVR. For example, from above Figure
14 both DROOP GOV and DROOP_AVR are set to true which is totally correct if the actual
physical signals are not available. For the matching of frequency and voltage, the governor or
AVR mode must be 1 (Droop) or 2 (Fixed MW). Otherwise, the MOD CHG GOV or
MOD CHG_AVR output is used for the mode change request.

When the setting Central PMS present is set to YES and the Governor or AVR mode is not 1
(Droop) or 2 (Fixed MW), then the function sets MOD_CHG_ GOV or MOD CHG AVR
output to Droop or Fixed MW. Otherwise, the function sets MOD CHG GOV or
MOD CHG_AVR output to No change.
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5.2 ASNSCSYN (non-source breaker)

As in generator relays the ASNSCSYN in the non-source breaker relay is not fully configured
after the wizard has finished. See Figure 17.

SOOSERCY_INTIRIDL OUT p——
GOOSERCV_INTIEZ] 1 _DUT F

Figure 17. Non-source breaker missing inputs and outputs.
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Figure 18 shows how busbar 1 and busbar 2 voltage measurements are made. The outputs
from the measurements are connected to the ASNSCSYN U3P1 and U3P2.

Busl

Siot F (AIM).X1-1;2_WT1

Bus2

L h b b

s> Busi_U3P

L o b b b B e e B

Siot F (AIM).X1-8;10_VTS

Figure 18. Voltage measurements for ASNSCSYN.

Busl_U3pip—-s
Bus2_U3pEp—e

TRUEZD»

CBXCBR1[1]_OPENPOS =»
CBXCBR1[1]_CLOSEPQS =+

n
uzP1 CLFAL_AL®
usp2 CAMD_FAL_ALe
b BLOCK AS_INT_FALS
# EYPASS CLOSE CEe——4> ASNSCSYN1[1]_CLOSE_CB
8 CL_COLRAAND SYNC_OKe———————> ASNSCSYN1[1]_SYNC 0K
EXT_CHECK WATCH_OKe
b CB_TEST LATCH_INERO®
CE_OPEN SYNC_INPRO #
CB_CLOSE LaDEe
ISO_A1_CLOSE LaLEe
® ISO_B1_QLOSE DALE®
p IS0_AZ_CLOSE DaDEe
» 150_E2_CLOSE U_DFF
ASC1_NS_DAT FR_DFF

Figure 19. Adding inputs and outputs to ASNSCSYN.
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I
I

I

I

I

Y S R

I

I

ASNSCSYN : CBXCBR

CLOSE_CB |——|AU_CLOSE  exe_cl————»{ | |

SYNC_OK —— = SYNC_OK

Figure 20. ASNSCSYN and breaker.

El NOTE: ASNSCSYN SYNC_OK output must be connected to
CBXCBR SYNC_OK input to allow breaker closing.

CE_Closz I »————$ POSCLOSE BE 0 $=—————dC> CENCBR1[1] _EXE_OP
Th-ED—:z =0L_0REN B)E (L > CBNCBRI[1]_EXE_CL
® BM4_CLOSE 02_REQE
FALSE D—: A 0=y CL_RSge
® B CLos= OPENROS > CENMCBR1[1]_OPENPOS
& hu_OPEN CLOSER0S 80— CRNCER ]_CLOSEPOS
ASNSCSYN1[1]_CLOSE CB 3% i) CLOE PO *
# TR OPEN_BuC e
ASNSCSYNL[1]_SYNC_OK Jp————8 O\C 0K CLOSE =D e
& EYNC_BYRASS CTLUML_ALD®
b 7 smuss |
_ owFesi )

Figure 21. Adding inputs and outputs to CBXCBR in network breaker.

5.3 Configuring graphical display

You can add a graphical display to the relays HMI to control the circuit breaker and to start
the autosynchronization from the HMI. Figure 22 shows where the graphical display can be
opened.
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= E

—n
—
=

Collapse

Disturbance Handling

Event Viewer

Parameter Setting
Application Configuration
Signal Matrix

Graphical Display Editor

LB el e

PELE S

HMI Event Filtering
Migrate Configuration
IED Users

Communication Connection

IED Compare

IEC 618530 Configuration
Communication Management
Ethernet Configuration

IED Surnmary

Account Management

Figure 22. Graphical display editor tool.

To start configuring single line diagram (SLD) to HMI, the SLD Editor window must be

opened in graphical display editor seen in Figure 23.

Page Organizer | Page Editor| SLD Editor | Symbel Editor | Language Translation | Switchgear HMI Page Editor | Switchgear HMI SLD Editor

‘:l P
Add Page.
SLDPage

Figure 23. SLD editor window.

When adding circuit breaker to the SLD please note that in order to start the
autosynchronization from the HMI the switching device must be AS source as seen in
Figure 24. As non_source is meant for as it name implies to start non-source breaker
autosynchronization.

E} NOTE: Synchronize oscilloscope functionality is built in to AS source CB and

AS Non_Source CB and doesn’t require further configuration.
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Search.

All Symbols
Connections

HSTD

Indications
Measurement Devices
Others

Switching Devices

\T AS_MNon_Source

CCI[23] 20| 20| 23| 32| 2

‘# AS_Source

Breaker

Breaker2

Contactar

T R s

Disconnecting_Truck
lsolator

lsolator2
Load_Break_disconnector
Motor_Operated_|solator
Switch
Three_Position_Switch

Truck

(2% P S A A A

Truck_Breaker_2

Texts

3lant Structure | Graphical Display Editor

Figure 24. Symbol window.

»

AS Source breaker’s control must be set to the circuit breaker functions CBXCBR position

as seen in Figure 25.
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REX640
3=l8
v AS_Source
captionColor Il ActiveCaptionText
caption Text
captionX 45
caption 12
CBXCBR1,CBXCBR1:1.POSITION .,
controlState
fipHorizontal Tarse
fiipVertical False
fontPixelSize 12
height 40
indicationOnly False
rotation 0
stateColorMap
width 40
x 280
y 145
v Common
Objectld _SOUrCE
control

SLD Symbol Control Black

Generator1 | Graphical Display Editor

Figure 25. Setting AS Source breakers control.

Page Organizer | Page Editor

SLD Editor | Symbol Editor | Lenguage Translation | Switchgear HMI Page Editor | Switchgear HMI SLD Editor

O

G1

‘:| a
Add Page...
SLDPage

Figure 26. Ready graphical display.

To get the SLD to show in the HMI you have to add in to the Main Pages. To choose which
window to put it, in this example Main view has been chosen as seen in Figure 27.
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Page Organizer | Page Editor

Main Pages - Pages visible in panel's main page list.

Main view |§|

Measurements |§| & Events

[ & a=ms

SLD Editor | Symbaol Editor | Language Translabon | Switchgear HM| Page Editor

[

Switchgear HMI SLD Editor

© AddPage...

) | Besic ||Advanced| | Basic |[Advanced|

Figure 27. choosing a Main view window.

| Basic |[Advanced|

[ Besic ||Advances

By choosing the left side of the Main view window you can choose which page is shown. This
case we choose the page in which SLD view resides as seen in Figure 28.

Page Organizer | Page Editor | SLD Editor | Symbol Editor | Language Translation | Switchgear HMI Page Editor | Switchgear HMI SLD Editor

Alarms (4)

Oy

G1

50

Unit

o Souce 100
Hold Shift to Pan / CTRL + Mouse wheel to Zoom

0

Q
EFHPTOC1 OPERATE
PHLPTOC1 OPERATE
DEFLPDEF1 OPERATE «/
DEFHPDEF1 OPERATE +/

50
Unit

Source 100

Unit

0 Souce 100

Figure 28. Adding the SLD page to the main window.

contertY
controlDialogFormat
enableControl
enablelECControlButtonText
height

hideSymbolClick Area

sldviewport22

116
5

Controllodel SF_Automatic

SLDPage (page2)

© Copyright 2025 ABB Oy, Distribution Solutions, Vaasa, FINLAND

23 (67)



Generator autosynchronizer configuration IMRS7569xx EN
REX640

6 Verifying the configuration and GOOSE

When the configuration is ready it is advisable to check the relays communication between
each other and to know what signals are necessary for the functions to operate.

Generator autosynchronizer can be started only when binary input status are as follows:

e EXT CHECK =TRUE
e BLOCK =FALSE
e GCB_OPEN (The circuit breaker must be on the right position)

In Table 1 we go all the necessary signals in detail.

Network autosynchronizer can be started only when binary input status and settings are as
follows:

EXT CHECK =TRUE

BLOCK =FALSE

CB_OPEN =TRUE

Local/Remote Mode = Local

GCB_CLOSED (The Participant relay ASGCSYN) = TRUE
ISO_A CLOSE (The Participant relay ASGCSYN) = TRUE
EXT CHECK (The Participant relay ASGCSYN) = TRUE
DROOP_GOV (The Participant relay ASGCSYN) = TRUE
DROOP_AVR (The Participant relay ASGCSYN) = TRUE
Local/Remote Mode = Remote (The participating relay)
Relay autosync Mode = Automatic (The Participant relay)

In Table 2 and Table 3 we go all the necessary signals in detail.
6.1 ASGCSYN and ASNSCSYN signals status

What signals are needed in ASGCSYN that it works in generator breaker synchronization.
Table 1 and Table 3 show the needed signals in different situations. Setting Local/Remote
must be Local.

Table 1. Required input signals status for starting autosync ASGCSYN.

Signal True False
EXT _CHECK X

BLOCK X
GCB_CLOSE X
GCB_OPEN X
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ISO_Al1 CLOSE

ISO Al CLOSE

DROOP_GOV

DROOP AVR

GOV _ALM HI

GOV _ALM LO

AVR ALM HI

AVR_ALM LO

X

T T T o o I S

X defines the status of the signal. Bolded signals are mandatory.

The ASNSCSYN needs a tuning source to synchronize the busbars. In this case, the
information of the generator that is selected is added to the Table 2 and Table 3.

Table 2. Required input signals status for starting autosync ASNSCSYN.

Signal True False

EXT _CHECK X

BLOCK X
CB_CLOSE X
CB_OPEN X

X defines the status of the signal. Bolded signals are mandatory.

Relay that has the generator that is participating in tuning must be set to local/remote =

Remote.

Table 3. Required input signals status from the participating ASGCSYN.

Signal True False
EXT_CHECK X
GCB_CLOSED X
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ISO_A CLOSE (in X
ASGCSYN, as the tuning
source)

DROOP_GOV (in X
ASGCSYN, as the tuning
source)

DROOP_AVR (in X
ASGCSYN, as the tuning
source)

X defines the status of the signal. Bolded signals are mandatory.

6.2 GOOSE communication codes

Goose Communication transmits packages, each of which is assigned a unique number. Every
signal combination corresponds to a specific set of numbers, which are detailed in Appendix
2. There, you will find a comprehensive list of all possible combinations and their associated
numerical values. This table is useful for troubleshooting, in case the autosynchronization is
not working as expected.

6.3 Testing GOOSE communication

To verify the communication on the relays you must check each relays receiving and sending
GOOSE signals. See Figure 29.

= HMI - O X

REX640 25.03.2024

+J01 Generator 1 C g 09:05 =

. Pri n
Force Functions Force Qutputs Force Inputs View VO Lo

Meonitoring
Secondary Protection
Send Events Injection Measurement
Monitoring Direction
View GOOSE View GOOSE View SMV View SMV
Sending Receiving Sending Receiving
| Test mode selection Internal fault test Test mode Allow Simulation
Local e Test oft v Normal mode W False v

; o

Figure 29. Where to find the goose communications.

© Copyright 2025 ABB Oy, Distribution Solutions, Vaasa, FINLAND 26 (67)



Generator autosynchronizer configuration

REX640

IMRS7569xx EN

Below are the GOOSE signals data for autosynchronization. Table 4 shows the meaning of

each data signal.

Table 4 GOOSE signal data.

LDO.ASCGAPC1.Dif VClc.mag.f

Voltage difference calculation

LDO.ASCGAPCL1.Dif.VClc.q

Quality of goose signal

LDO.ASCGAPC1.DifHzClc.mag.f

Frequency difference calculation

LDO.ASCGAPCL1.DifHzClc.q

Quality of goose signal

LDO.ASCGAPC1.DatOutSrcl.stVal

Input data from source number 1

LDO.ASCGAPC1.DatOutSrcl.q

Quality of goose signal

LDO.ASCGAPC1.DatOutSrc2.stVal

Input data from source number 2

LDO.ASCGAPC1.DatOutSrc2.q

Quality of goose signal

Figure 30 shows how Generator 1 relay (participating relay) sends signals to Network breaker
relay. The signal numbers change depending on the status of the ASGCSYN. The different
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combinations are shown in Appendix 2. It is important to check that the value shown in Figure
30 in the red box is correct. See Appendix 2.

gi):gi(r)l GOOSE Sending Oggijgo 2 ‘\J ADMINISTRATOR L
Receivers 4chGooseDS

Al o " mac: 01-0C-CD-01-00-01 corhpid: 0x0002 ©

AA1J1Q02A1 @  |DOASGGAPCL.GnASCDatsVal (]
Show Quality

Figure 30. Goose sending.

Figure 31. shows what communication generator 1 relay receives from network breaker relay.
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siirﬁai?l GOOSE Receiving Dg;::gjﬂ ? ‘ ADMINISTRATOR - 0
Senders 9cbGooseDS
AA1J1Q02A1 (#) 7 mac: 01:0C-CD-01-00-00 oo 1O g
LD0.ASCGAPC1.DatOutSrcl.stVal 2 o
LD0.ASCGAPC1.DatOutSrcl.q good:good o
LD0.ASCGAPC1.DifVClc.mag.f 0.000000 xUn °
LD0.ASCGAPCL.DifVClc.q good:good o
LD0.ASCGAPC1.DifHzCle.mag.f 0.000000 xFn o
LD0.ASCGAPC1.DifHzClc.q good:good °
Show Quality

Figure 31. Goose receiving
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7 Testing with Omicron using Synchronizer module

First, we will go through the parameters given to ASGCSYN and ASNSCSYN. Then, we will
start testing ASGCSYN and ASNSCSYN.

7.1 Relay parameters

The testing parameters used in the example are in ASGCSYN as follows:
e Volt pulse Min Dur = 500 ms (The lengths of generated pulses, Variable interval)
e Freq pulse off Intv = 10000 ms (The lengths of generated pulses, Variable pulse)
e Freq pulse Min Dur = 500 ms (The lengths of generated pulses, Variable interval)

AUTOSYNCG
Operation on

nchrocheck mode SYNnchronous
hrocheck mod Asynch

Dead voltage value 0,20 xUn 0,10 0,80
Live voltage value 0,50 xUn 0,20 1,00
Maximum voltage 1,20 xUn 0,50 1,30
Minimum voltage 0,80 xUn 0,50 0,95
Voltage match mode Wariable Pulse

Frequency match mode Wariable Pulse

Minimum Syn time 0 ms 0 60000
Maximum Syn time 60000 ms 100 6000000
Energizing time 100 ms 100 60000
Central PMS present Neo

Volt pulse off Intv 2000 ms 1000 20000
Wolt pulse Min Dur 500 ms 50 2000
Freq pulse off Intv 10000 ms 1000 120000
Freq pulse Min Dur 500 ms 50 2000

Auto Syn mode Automatic synchronising me

Figure 32. Given test parameters.

Next is to give deviations and differences of voltage, frequency and phase. Synchronization
direction is also given.
e +/-3 % voltage deviation (How much the voltage can deviate between the two
synchronizing points)
o +/-4 % frequency deviation (How much the frequency can deviate between the two
synchronizing points)
e +/-5-degree phase difference (How much the voltage can deviate between the two
synchronizing points)
e Change Synchronization Dir to always over synchronous. This way we make sure
that generator feeds active power when CB is closed.
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settingGroup 1 ®
Live dead mode Off
Freq Diff Ov Synch 0,040 xFn 0,000 0,060
Freq Diff sub Synch 0,040 xFn 0.000 0,060
Coarse Freq Diff Ov 0,040 xFn 0,000 0,060
Coarse Freq Diff sub 0,040 xFn 0.000 0,060
Voltage Diff Ov Ex 0,03 xUn 0,00 040
Voltage Diff Un Ex 0,03 xUn 0.00 0,40
Coarse Volt Diff Ov 0,03 xUn 0,00 040
Coarse Volt Diff Un 0,03 xUn 0,00 040
Angle Diff positive 5 deg 5 20
Angle Diff negative 5 deg 5 20
Volt rate of change 0,003 xUnfs 0.001 0,050
Freq rate of change 0,002 xFnis 0,001 0,050
Phase shift ] deg -180 180
Closing time of CB 60 ms 40 250
Multiple command Off
Synchronization Dir Always over synchronous
Voltage offset 0,000 xUn -0,100 0,100
Frequency offset 0,000 xFn -0,010 0,010

Figure 33. Given test parameters.

El NOTE: To close the circuit breaker (CB), the frequency difference must be at least 1/3
of the frequency difference setting. For example, in a 50 Hz system with a frequency
difference setting of 0.04, you need a frequency difference of 1/3 of 0.04, which equals
0.0133 xFn. Therefore, the minimum frequency difference required to close the CB is
50 x 0.0133 = 0.67 Hz. In other words, the starting range for frequency matching is
from 48 Hz to 49.33 Hz.

Figure 34 shows how source and tuning source are selected. Generator 2 is selected as source
2 selected and tuning source 2.

EEX64O e 30.0_3.2?_:!.0 2 ‘ ADMINISTRATOR L

eneratorl 03:58 &

Setting group Sourcel selected True
Source2 selected False

Settings Source3 selected False
Source4 selected False

Configuration Source5 selected False
Source6 selected False

Control Source? selected False
Source8 selected False

- ASCGAPCL Tuning source Source 1
Confirm source Sel False

Information

Edit

Figure 34. Source and tuning source selection.
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Group / Parameter Name IED Value PC Value Unit Min Max
ASNSCSYN1: 1
AUTOSYNC(1)

Operation on
Synchrocheck mode Asynchronous
Dead bus voltage 0.2 ®Un 01 0.8
Live bus voltage 05 xUn 0,2 1.0
Max energizing V 1,05 xUn 0,50 1,30
Phase shift 0 deg -180 180
Minimum Syn time 0 ms 0 60000
Maximum Syn time 60000 ms 100 6000000
Energizing time 100 ms 100 60000
Closing time of CB 60 ms 40 250
Auto Syn mode Automatie synchronising me

7.2 Testing ASGCSYN

In this example case the relays are made to use only one phase voltage for simplicity reasons
seen in Figure 35.

NonGeneratorCB1

It Bus1 P Bus2

5- S

Figure 35. Illustration of Omicron voltage outputs.

Following figure shows Omicron binary input connection.
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Close command

Lower_U

Raise_F

Lower_F

Figure 36. Illustration of Omicron inputs.

Following table shows the used Omicron signal list in this test setup.

Table 5. Omicron signal list.

Voltage output Binary inputs
1,2,3,4, N 1,2,3,4,5
1 = Voltage of bus 1 1 =Raise U
2 = Voltage of generator 1 2 =Lower U
3 = Voltage of bus 2 3 =Raise F
4 = Voltage of generator 2 4 =Lower F
5 = CB_Closed position

In addition to Omicron the circuit breakers must be simulated somehow. Appendix 1 gives a
guideline on how to build simple circuit breaker simulator if such is not available.

Figure 37 illustrates how the circuit breaker simulator position signals are connected to
REX640 (seen in the left-hand side) and how REX640 gives raise and lower commands to
Omicron (seen in the right-hand side).
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Start_sync (Button)

CB_Closed
CB_Open

A

From CB simulator

Except Start_sync

[x1
1

- 10
= 1

112
- 13

|14

118

X2
1
42

W

@ =

BIO1001/ BIO1003

son:::kf%_
saz:":kal_
503:::._:_\_
so:u;‘:»—-L
sos:::p_lﬁ
S0 kl_
sm:‘;HS
—FBls sosi—N |

| E—

N

wes = s w|
I

To Omicron

Raise_U

Lower_U
——= Raise_F

Lower_U

N

Figure 37. Inputs from circuit breaker simulator and outputs to Omicron.

Omicron voltage outputs are connected to REX640 as shown in Figure 38.

Voltage from generator

Voltage from bus

N

10

10

MwmmhuMJ‘f

e e 8]

AIM1001

572400

. 3\5: VT1 (Vab)

57-240

. vi\E VT2 (Vbe)

57-240¥.

. §\E VT3 (Vca)

572400

[ 3 v

572400

L JE v

ﬁ\i CT1
E\E cT2
ﬁ\g cT3
ﬁ\g cT4

0.21A

e

CT5 (for residual
current only)

Figure 38. Omicron voltage output connection to relay.
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REX640 gets is auxiliary power from external power supply, REX640 SO1 and SO2 (signal
output) are used as closing and opening command to the circuit breaker.

PSM100x

X1
- 4~ 7 +
Uaux { |, |ua From power supply
3 —
IRF o |
[ 3
6 Close CB
S01 Iy . . .
Raa— I = - To circuit breaker simulator
s L |9 Open CB
[T -
— 11—
5501 =
12 —
13
s502 e
POSP1 :;._'_‘&
15 —
16 —
Pospz:;._'_‘@

PODP1
PO1_TCS

N
ESi=
oo i
B

[%2]
=]
&
o ﬁ
© GNP W _‘Iﬁ | =

ot mmas
T T

Figure 39. PSM auxiliary voltage and outputs.

We will use synchronizer module for testing the relay autosynchronizer configuration, see
Figure 40.
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L
o/

Test Modules

‘stand-alone Startup

T4 QuickCMC

#% Ramping

Al Pulse Ramping

3@E State Sequencer

A& (Advanced) TransPlay

+. Annunciation Checker
L Overcurrent

W& Distance
Qfl Advanced Distance
('J VI Starting

£% Autoreclosure

Test Tools
Additional Applications

Enerlyzer (CMC 256plus/356) TransPlay
Enerlyzer Live (CMC 430)

Test Modules
& Tools

' Power

Advanced Power

#» Single-Phase Differential
&] Diff Configuration

"# Diff Operating Characteristic
@ Diff Trip Time Characteristic
S Diff Harmonic Restraint

[©) Synchronizer

B Meter
7 Transducer

U PQ Signal Generator

TransView

‘OMICRON Test Universe

Harmonics
Binary 1/O Monitor

Configuration Modules
‘Configuring CMC Test Set Features

2% (B Configuration
8= AuxDC Configuration

ISIO Connect

IEC 61850

Testing Power Utility Communication

G GOOSE Configuration
Sampled Values Configuration
IEC 61850 Client/Server
IEDScout

Polarity Checker

‘0/C Characteristics Grabber

Network Simulation
System-based Protection Testing

Ne

Transient Ground Fault

Data Management
Asset and Test Set Management

Device Link
Test Set Association

E7 Device Link

k&g OCC Batch

9%

OMICRON

Figure 40. Omicron module to be used in this technical note.

Appendix 3 shows how QuickCMC module can be used.

Figure 41 shows the view when opening the synchronizer module. In the view you can see
system 1 and system 2. System 1 is used to give the busbar its voltage and frequency. System
2 is used to give the generator its voltage and frequency, and the difference to the wanted
values where the synchronization is started.

er - [Synchronizer]

File
Test  Hardware  More we ausse Single | Report =] Cammen ¢
Object Configuration = Test | Settings ~

Test Setup Test Execution Test Documentation

Test View: Synchranizer BB sy view: synchronizer -0x
Function | adjusment Auto TextSetings &5
System 2 ™ [
vie [ a000v] || sves [ ooow] vie [ 1moov
f so00hz] | | ok & s0.001 .
. i oo0°] e a00® QuckTes 3
naatve 2
o O CB dlose command !
AV v AT 1 APN P AV VAT f _ APN __Ph 0
1
2]
3
4
5
s
E)
00 a0 100 o o 200 W g
— - Sync View [EpORViEn
Signal View: Synchronizer -0x
Synchronoscope: Synchranizer ~ox
ke
00 } @0 00 150 £ 2 00 e
Binary Inputs -8 x
v v & b Comom
Status History |11 9 Overioad Morstor

Figure 41. Omicron Synchronizer module view.
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Figure 42 shows the analog inputs to Omicron. Only the four voltages are set to being used.

Hardware Configuration

General | Analog Outputs | Binary / Analog Inputs _Binary Outputs DC Analog Inputs

Test Module

MC 356V CMC 356 V (4) CMC 356 1 (A) €MC 356 1 (B)
Connection 1 I T VI N |1 2 3 N|1 2 3 N
Terminal
X
X

Output Signal Rplayitiame

VL2-E VL2-E

VL3-E VL3-E x

V(2)-1 V(@)-1 ®

Not used 18] X

Not used 12 X

Not used 13 X

Not used 1(2)-1 X

Not used 12)-2 4

Not used 1(2)-3 X

Figure 42. Omicron analog outputs.

Figure 43 shows the Binary/analog inputs to the Omicron, where the relay gives raise and
lower commands to frequency and voltage.

Local Hardware Configuration

General Analog Outputs | Binary / Analog Inputs | Binary Outputs

Input Groups CMC 356
EEERR CMIC 356 (exct, Interf.) |{M[S{0Y Binary Binary = Binary @ Binary Binary Binary Binary Binary Binary
Potential Free il -] a [ ] 2 a [ ] [ ] 2
Nominal Range 24V
Threshold 7V
X
Bin.in 2 X
Bin.in 3 x
Bin.in 4 b4
Start X
Bin.In. 6 x
CB aux. (52a) x
CB aux. (52b) X
Bin.in9 *
Bin. In. 10
Bin. In. 12

Figure 43. Omicron binary inputs.

Figure 44 shows adjustment window, in system 2 which the voltage, frequency and phase
angle can be given to the generator in the beginning situation before synchronization. With
the Add button a test parameter is created, and the test can be done following those parameters.
You can add different situations of synchronization, but the problem is that it does those tests
back-to-back.
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Function | Adjustment | Auto Test Settings

—System 1 System 2 =
A
VL avit: [ opov] vit [ 1000v]
Remove
f: z aft | 000Hz| £ | 50,00Hz| =
Remove All
Phi: aphi: | 000°| e | 000°|
[ ] Relative
—Generator Model
Linear -l awat [..000mV/s| affat | ..,00 mHzs |

Figure 44. Synchronizer adjustment window.
1. V L-L = Phase to phase voltage

2. AV L-L = Phase to phase voltage difference, Af = Frequency difference, APhi = Phase angle
difference

Figure 45 shows a sync view whereby clicking the field you can change the starting values of
the generator and see the wanted synchronization areas in blue. Left-hand side area is under
synchronous and right-hand side area is over synchronous.

Test View: Synchronizer Rllaldl Sy View: Synchronizer ~0x

System 1 Syezem 2 6
vit: aves [ 338sv]| v | 10w

[ I ar 35mHz| 1 49,35 He

e e 000 e 000°

F N

300 £ -1 " 100 20 L J—

Figure 45. Sync view.

Figure 46 shows how autosynchronizer starts to seek the given over synchronous area on the
right-hand side of the view.
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s

T S T S
T S T T T

T T T T T T
-300 200 -100 0 100 200 300 diimHz

Figure 46. Relay synchronized Sync View.

Figure 47 Shows the closing time of the circuit breaker and the actual closing time of the
circuit breaker. The generator makes it that the synchronization happens from negative phase
angle side and such that it will be over synchronous when the CB closed due to CB closing
time.

Synchronoscope: Synchronizer Gen1 in AutoSyncTest.occ ~ 0O X

)
CB closed [ Close Cmd

1802

Figure 47. Synchroscope view of Omicron.

Figure 48 shows the starting point, the end point, and the point when CB is closed voltage,
frequency, and phase angle. Synchronizing time is also shown which varies on in which point
the synchronization is started.
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Adjustment Test (Deltas)

Start point EP On CB Close Command :
po EP On CB Close Synchro | Gen. ! o
- - - - - Time Model
AV  AF  APhi AV  AF + APhi  tAPhi=0 g g
3,876 V -0,182 Hz 0,000 ° 0,891 V 0,063 Hz -0,838 ° 0,037 s 12,597 s dV/dt=0.8 EF'assed
! ! 0891V: 0063Hz: 0525 % 0023s Wis !
: : : ! dffdt= 0.2
H vHz/s
(EP=End point)
Adjustment Test (Abs. Value)
Start point EP On CB Close Command
po EP On CB Close Synchro ;  Gen. E—
- - - - Time Model
v f + Phi v f Phi :
103,876 V1 49,818 Hz . 0.000°| 100.891V: 50.063Hz: -54.838° 12,597 5 dV/dt= 0.8 | Passed
: : 100,891 W 50,063Hz: -53475° ‘Wis
: : ! dffdt= 0.2
1 Hzis

(EP=End point)

Figure 48. Report view of the synchronization.

7.3 Testing ASNSCSYN

When starting to synchronize an asynchronous situation where bus A and bus B are not in
synchronization, the selected tuning source must have its circuit breaker closed and feed either
bus. The relay must be set remote mode to be able to participate in the tuning. Figure 49
shows the participating window when trying to synchronize non-source circuit breaker when

both buses are live.
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03.04.2010
04:04
articipating Generator Selection

. Generator 1

i

Tuning source o select

fEfpnc S A7, mw'u"
MATCH OK source selection 4
WATEH STATUS. = MO e

Figure 49. Selecting participating generator.

Ed NOTE: ISO_A_Close has to be TRUE in the generators ASGCSYN function, to be
able to participate. Droop GOV and Droop AVR need be set true if the Central power
management system (PMS) setting is set to NO.

Figure 50 shows the available participating generators, now only generator 1 has it’s CB
closed and remote mode. Generator 2 has remote mode ON, but the CB is not closed.
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03.04.2010
04:04

ENERG STATE Fuhs :

MATCH OK TR i

MATCH STATUS No source selection :
£ L < ssbtiidble

Figure 50. Participating generator.

Figure 51 shows selecting tuning source after the participating generator has been chosen. It
must be chosen also here to make sure which generator does the tuning.

ning source
Na selection

§ cenerator1

Figure 51. Selecting tuning source.

Figure 52 Shows when both generators are selectable as sources for tuning.
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26.04.2010
21:01 %

Participating Generator Selection
Confirm
generator

Generator 1 | Generator 2
2 selection

3

Tuning source No selection

ENERG_STATE Both Live Cancel
MATCH_OK False
MATCH STATUS No source selection

Figure 52. Both generators in selection.

Figure 53 shows the synchronization window when the tuning source has been selected. It
shows that matching is in process, if the tuning source hasn’t been selected then match status
would read: “tuning source not selected”.

Figure 53. Matching in process.
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Appendix 1 Circuit breaker simulator

Figure 54 shows how to make a simple CB simulator using 3 auxiliary relays.

Relay auxiliary contact

o————

[ [

MO

Relay EC
+ NO
Close CB cmd ()
Relay NC
{10
Open CB cmd (000

Figure 54 CB simulator with auxiliary relays.

CB Open
CB Closed

Figure 55 shows how CB simulation can be done in relay configuration. The TONGAPC is

used for setting CB closing and opening times.

[ TONGAPC1 al ( SR al
CE_Clos=_CMD E b 1 21 B 58
CB_Ope=n_CMD B—:t N :_:._i. 2 \:-:i‘

® N3 238 L FA ] ]

. N e

"o 28

. =

$ T ard

® N3 ue

 — 1 E—

Figure 55 CB in relay configuration.
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Appendix 2 List of GOOSE codes

EXT_C ISO_A_ ISO_B_ | Droop | Droop_| GOV_AL| GOV_AL| AVR_AL| AVR_AL|Lo [Rem | CB_O| CB_CI | Val
HECK CLOSE CLOSE | _AVR GOV M_LO M_HI M_LO M_HI cal | ote | pen osed ue
X X 416

X X X 416
x) X X X 418
x) X X X 420
(X) X X X 741
44

(X) X X X 928

(X) (X) X) X) (X) X X 1314
88

x) X X X X 422

(X) X X (X) X) X) (X) X X 1314
94

xX) X X X X 741
46

(X) X X (X) X) X) (X) X X 205
18

X) X X X X 930

(X) X X (X) X) X) (X) X X 1320
02

X) X X) X) (X) (X) X X 1314
90

(X) X X X X X X 746
62

X) X X X X (X) (X) (X) (X) X X 2057
34
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X) X X X X 741
50
(X) X X X X) X) X) X) X 205
222
X) X X X X 934
X) X X X X) X) X) X) X 1320
06
X) X X X X 746
58
(X) X X X X) X) X) X) X 2057
30
X) X X X 741
48
(X) X X X) X) X) X) X 2052
20
x) X X X 932
X) X X X) X) X) X) X 1320
04
X) X X X X 746
60
X) X X X X) X) X) X) X 205
732
x) X x) X) X) X) X 1314
92
X) X X X 746
56
X) X X) (X) (X) X) X 205
216
(X) X X) X) X) X) X 1320
00
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X 417
X X 417
X) X X 419
X) X 421
) X | 7414
5
X) X 929
(X) (X) (X) X) (X) X 131
489
(X) X X 423
(X) X (X) (X) (X) (X) X 131
495
) X X | 7414
7
x) X x) X) X) X) X | 2051
9
X) X X 931
(X) X (X) (X) (X) (X) X 132
003
(X) X (X) (X) (X) (X) X 131
491
X) X X | 7466
3
(X) X (X) (X) (X) (X) X 205
735
X) X 74151
(X) X) X) X) X) X | 205223
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X 935
X 132007
X 74659
X 205731
X 74149
X 205221
X 933
X 132005
X 74661
X 205733
X 131493
X 74657
X 205217
X 132001

X 448

X 448

X 450

X 452

X 74176

X 960

X 131520
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X 454

X 131526
X 74178
X 20550
X 962

X 132034
X 131522
X 74694
X 205766
X 74182
X 205254
X 966

X 132038
X 74690
X 205762
X 74180
X 205252
X 964

X 132036
X 74692
X 205764
X 131524
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X) X 74688
X) X) X) X) X) X 205248
X) X) X) X) X) X 132032
X 449
X X 449
(X) X 451
(X) X 453
) x | 74177
(X) X 961
X) X) X) X) X) x | 131521
(X) X 455
X) X) X) X) X) X | 131527
(X) X | 74179
X) X) X) X) X) X | 20551
(X) X 963
X) X) X) X) X) X | 132035
X) X) X) X) X) X | 131523
(X) X | 74695
X) X) X) X) (X) X | 205767
(X) X | 74183
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X 205255
X 967

X 132039
X 74691
X 205763
X 74181
X 205253
X 965

X 132037
X 74693
X 205765
X 131525
X 74689
X 205249
X 132033
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Appendix 3 QuickCMC module

Figure 56 shows where QuickCMC can be found.

OMICRON Test Universe

Test Modules
& Tools

L
of

Test Modules

Stand-alone Startup

T4 QuickCMC

#% Ramping

nl Pulse Ramping

326 State Sequencer

1& (Advanced) TransPlay

+ Annunciation Checker
L Overcurrent

W& Distance
V:I Advanced Distance
,/J VI Starting

#% Autoreclosure

Test Tools
Additional Applications

Enerlyzer (CMC 256plus/356) TransPlay
Enerlyzer Live (CMC 430)

Figure 56. Omicron QuickCMC

+
5+’ Power

Advanced Power

*» Single-Phase Differential
& Diff Configuration

y Diff Operating Characteristic
ﬁ Diff Trip Time Characteristic
ﬁ Diff Harmonic Restraint

() Synchronizer

& Meter

72 Transducer

S PQ Signal Generator

TransView

Harmonics
Binary /O Monitor

Configuration Modules
Configuring CMC Test Set Features

2 CB Configuration
8= AuxDC Cenfiguration
ISIO Connect

IEC 61850

Testing Power Utility Communication

G GOOSE Configuration
3 Sampled Values Configuration
IEC 61850 Client/Server

& IEDScout

Polarity Checker

O/C Characteristics Grabber

Network Simulation
System-based Pratection Testing

s NetSim

i Transient Ground Fault

Data Management
Asset and Test Set Management

Device Link
Test Set Association

EZ Device Link

B8 occ Batch

Ll

OMICRON

Figure 57 shows how the analog voltage outputs can be set up.

© Copyright 2025 ABB Oy, Distribution Solutions, Vaasa, FINLAND

52 (67)



Generator autosynchronizer configuration IMRS7569xx EN

REX640

Analog Outputs 7.2 VA 10k
1000V 0,00° 49,700 Hz
000V 0,00° 50,000 Hz
100,0 V 0,00° 50,000 Hz
000V 0,00° 50,000 Hz
1000 ¥ 30 4
—Analog Inputs
Vdc: n/a‘ Tdc: ‘ n/a ‘
[ron Traser Binary Inputs / Trigger
! Switch off Delay:
—Step / Ramp
Signais): | Gent -] s 1 Auto st
Close Cmd |@] .
Quantity:  Magnitude | Time: 1,000
®
Pulse ramp Reset: 500,0 ms El

Figure 57. QuickCMC voltage analog outputs.

Figure 58 shows how the binary inputs can be set up for QuickCMC

Hardware Configuration >

General Analog Outputs | Binary / Analog Inputs | Binary Outputs DC Analog Inputs

Input Groups CMC 356
BRI CMIC 356 (front)
BB CMC 356 (ext. Tnterf) Function JIELE Binary Binary Binary Binary Binary Binary Binary Binary Binary «
Potential Free [ -] a ] a2 O (] (] a L] a
Nominal Range 24V
Clamp Ratio
Threshold 17V
o e L
Signal Terminal

Bin.in 1 Ve X

Bin.in 2 Vs X

Bin.in 3 f< b4

Bin.in 4 = ®

Trip Close Cmd X

Not used Bin.In.6 x

Not used CB aux. (52a) X

Not used CB aux. (52b) x

Not used Bin.in9 X

Not used Bin. In. 10 X

Not used Bin.in 11 X

Not used Bin. In. 12

Virtual Binary Inputs

Apply

‘ Import Configuration.... | | Export Configuration.... ‘

Figure 58. QuickCMC binary inputs.
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APPENDIX 2. REX640 Configurations Used In The Thesis

The configuration of generator and non-source breaker autosynchronizer

functions are shown in the next figures.

Main Application: AutoSync, Page- 1
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APPENDIX 3. Synchronizing Modes

In the Manual mode synchronization is started by pressing the generators
breaker on the relays HMI (human-machine interface) display. Auto Syn
mode must be set for automatic and in this case Live dead mode is set to
Off. Figure 59 illustrates how autosynchronization can be initiated.

06.11.2018

08:43 5

Auto Syn mode:
Manual mode

Live dead mode:
off

o

Figure 59. Starting synchronization with manual mode (ABB, 2023).

When the green S button is pressed, the synchronization dialogue opens
and asks for the confirmation of synchronization as seen in Figure 60.

06.11.2018
08:44

Confirm Synchronize?

Figure 60. Confirmation on Synchronization with manual mode (ABB,
2023).

Figure 61 illustrates the synchroscope view upon opening, highlighting
the raise and lower buttons for adjusting voltage and frequency. It is also
possible to cancel the synchronization while in this window.



e, 06.11.2018

REXGAD it e P o 08:47 5
U_BUS_MEAS 20.00 kv 4995 Hz FR_BUS_MEAS
U_GEN_MEAS 19.61 k¥ 50.15 Hz FR_GEN_MEAS

\.roltagﬁ Frequ-m‘:y

Ralse

Lower

Cancel

Lc-wer

Figure 61. Synchroscope view manual mode (ABB, 2023).

When the voltage and the frequency are matched, pressing I button closes
the circuit breaker as seen in Figure 62. When the synchronization is
finished the synchronization window closes.

REXB640 e SR 06.11.2018

REXG40 e Sy 08:52 5
U_BUS_MEAS 20.00 kV 49.95 Hz FR_BUS_MEAS
U_GEN_MEAS 19,61 kv 50,05 Hz2 FR_GEN_MEAS

Frequency

A
Raise

Voltage

A
Raise

A 4
Lower

Figure 62. Closing the CB with manual mode (ABB, 2023).

Voltage and frequency are matched automatically, but the operator needs
to give the circuit breaker close command manually when synchronization
criteria are fulfilled. Semi-automatic mode is not used in this thesis, but it
is good to know the different abilities of REX640 synchronization.

In automatic synchronizing mode voltage and frequency are matched
automatically, and CB close command is also given automatically. The



synchronization can start when Auto sync mode is set Automatic
synchronizing mode and Live dead mode is set Off as seen in Figure 63.

D06.11.2018

0B:28 &

Auto Syn mode:

Automatic synchronising
mode

Live dead mode:
Off

Figure 63. Automatic synchronization view (ABB, 2023).

Synchronization can be started when pressing S, after that a
synchronization dialog will pop up and confirm synchronization as seen in
Figure 64.

MNOTE: If conditions are met, the
closing might be done immediately
after confirmation.

Confirm Synchronize?

Figure 64. Confirmation of automatic Synchronization (ABB, 2023).

When autosynchronization starts the relay will give Raise and Lower
commands until voltage and frequency are in synchronization as seen in
Figure 65.



REX640
REXGA0

Geanarator Synchronization

U_BUS_MEAS 20.00 kV
U_GEN_MEAS 18.00 kv

06.11.2018
08:34 12

49.95 Hz FR_BUS_MEAS
4950 Hz FR_GEN_MEAS

Frequency

Cancel

Woltay @

Figure 65. Autosynchronization start (ABB, 2023).

When the autosynchronization process is completed ASGCSYNC gives
command to the CB to close. Figure 66 shows the windows state when

the CB has been closed.

B ..cccoor 5y cimonionion ey
it S ) 08:41

49.85 Hz FR_BUS_MEAS
50.15 Hz FR_GEN_MEAS

U_BUS MEAS 20.00 kV
U_GEN_MEAS 1961 kv

o

Figure 66. Autosynchronization complete (ABB, 2023).

Frequency

Cancel




APPENDIX 4. REX640 Application Manual Examples

REX640 application manual has one generator autosynchronization
configuration example and one example for non-generator breaker. Both
examples were done manually without using the PCM600 wizard.

The PCM600 wizard cannot be used unless there are at minimum of two
relays which one has ASGCSYN, and one has ASNSCSYN function. I.e.
Autosynchronization wizard is used to make configuration on multiple
relays.

Generator Breaker Example, Generator Relay.

One generator autosynchronization single-line diagram looks like one seen
in Figure 67.

Busbar
®
GCB ¥
—®
o >
O
< 5]

Figure 67. Single generator network (ABB, 2023)

Figure 68 shows how relays inputs and outputs are connected. From BI1
to B4 are binary inputs (indications of CB positions), from AIl to Al4
(analog inputs) are VT measurements and BO1 to BO6 (Binary outputs)
are the control commands for AVR, governor and CB.
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Figure 68. Relay interfaces and connections (ABB, 2023).

Voltage measurements are done in relay configuration with preprocessing
function UTVTR. In the application manual example three voltage
measurement channels are connected to UTVTR1 and only one voltage
measurement for UTVTR2 together with status of MCBs (miniature CB) as
seen in Figure 69. Also inputs for CB position inputs are shown here.

Mjii.—‘ UTVTR1 ]

ULt ALARM
AlZ §|E|= uL2 WARNNGE—————C> UTVTR1_WARNING
uL3 URES_ALARSE
MINCE_OPEN URES_WARNING -
URE U3pe———= UTV
arz 3 b iC -
L AS
NOT a R
sff out 02 pa
I O[T 5[0 R

\ TTATZ

UTVTR2 C
Al4, §|E|= ULt ALARM
U2 WARNNGS—> UTWTR2_WARNING
L3 URES_ALARM
NOT C \Jl\csa_:n N «Es_m.'mwaxg a2 uzp
3 URE LR > UTVTR2_
EIZE"*- [ ouT URES_CLE
URES_CLC DR!
RES_MEAS DR
U{ DR
L2 DR
U3_DA!
NP5 _DR!
PR5_DR!
FREQ_DAR!
D512 52
BIZ¥H > CE_OPEN_POS
BI4{¥ <> CE_CLOSED_POS

Figure 69. UTVTR1 and UTVTR2 function blocks (ABB, 2023).

The circuit breaker function CBXCBR needs position information from the
circuit breakers (in this thesis these come from circuit breaker simulator).
CLOSE_CB and SYNC_OK signals from ASGCSYN are required for CBXCBR



to close the CB. ENA_OPEN and ENA_CLOSE must be true to enable CB to
be opened or closed as seen in Figure 70.

CB_OPEN_POS =
CB_CCOSED_POS =W
UTVTRIZUZP =
UTVTRZZUZR =+ CBXCBR1 C]

> OPEN_CE
= CLOSE CB

—
|

ASGCSYM1 a
S e

C_Or

R2_WARNING ZF—F Ch INEROA
UTVTRI_WARNING =h— a2 X

Figure 70. Configuration of autosynchronizer and CB control (ABB,
2023).

Relay binary outputs must be added to the configuration, to give
commands to close CB and raise and lower voltage or frequency as seen
in Figure 71.

CLOSE CB = L] so1
OPEN_CE = L] oz
RAISE U =k || soz
LOWER_U = L] sos
RAISE F =F || sos
LOWER_F = ﬂ BOG

Figure 71. Relay output connections.

Non-generator Breaker Example, Generator Relay.

Figure 72 shows the relays connections. This differs from the previous
example (chapter 7.1.1) in that way the relay has additional inputs from
the AVR and governor.
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Figure 72. Relay interfaces and connections (ABB, 2023).

Figure 73 shows relays inputs and voltage preprocessing functions.
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Figure 73. Voltage preprocessing functions and relays inputs (ABB, 2023).

Figure 74 shows outputs of the relay.

cLosE_cs D—‘_.LJ Bt

LOWER_F zp—-ﬂ 806

Figure 74. Configuration inputs (ABB, 2023).

Figure 75 shows how ASGCSYN and CBXCBR are connected, in addition
to their inputs and outputs.
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Figure 75. ASGCSYN control section (ABB, 2023).

Figure 76 shows ASCGAPC GOOSE communication inputs.
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=

C ASC_ACI N
WSCBADO ASCGAPCT DV mag A M) Ov——t ouT! LR 1 ASC_SRC_CAT)

Cl
NELE LG ASLEARE Y Derlie mag 1Mx) O— OuT! FOFE

g8

-‘I-"I-‘ I-Hl-i |-n|]|
TTTTrE

i

MELELIGASCEARC Dl sV 5T) O ——F ouT

| ! L
e

Figure 76. Configuration coordinator (ABB, 2023).

Non-generator Breaker Example, Non-source breaker.

When the non-source circuit breaker needs to be synchronized this part
shows the needed information. Figure 77 shows the relays inputs and
outputs.
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Figure 77. ASNSCSYN relay interfaces and VT connections (ABB, 2023).

Figure 78 shows voltage preprocessing and CB position inputs.
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Figure 78. Voltage preprocessing functions and CB position inputs (ABB,
2023).

Figure 79 shows the ASNSCSYN and CBXCBR inputs and outputs.
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Figure 79. ASNSCSYN control section (ABB, 2023).

Figure 80 shows ASCGAPC autosynchronizer coordination inputs

outputs.
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Figure 80. ASNSCSYN co-ordinator section (ABB, 2023).

Figure 81 shows the relays outputs.

CLOSE_CB BO1
OPEN_CE BOZ

Figure 81. ASNSCSYN relay output connections (ABB, 2023).
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