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1 Voltage Selection for Synchrocheck for large number
of voltages

1.1 Introduction

The synchronization function (ANSI 25) checks the activation is permissible without a risk to the stability of
the system when interconnection 2 parts of an electrical power system, e.g. synchronization of a line and a
busbar, of two busbars via cross-coupling or of a generator and a busbar.

The dynamic measuring-point switching described in the chapter of the device manuals “Synchronization
function” allows the selection of input voltages for Synchrocheck dynamically depending on conditions like
positions of switches. The solution described in the manual is limited to the selection of max. 3 voltages. If
more voltages are available, e.g. from merging units in a process bus solution, this application notes suggests
how to make it possible

1.2 Dynamic Measuring-Point Switching

Dynamic measuring-point switching provides the capability to connect the voltages used in the Synchrocheck
function to various measuring points. In this way, for example, it is possible to use the correct voltage on the
basis of the switch position on the switching devices. If more than 1 measuring point is connected to Vsync1
or V sync2, you must create the V sync select. function block in the Circuit-breaker function group.

The following figure shows an example of a Synchrocheck in a breaker-and-a-half arrangement. If circuit
breaker QA2 is to be closed, the reference voltages must be selected from several possible measuring points.
This selection of measuring points is dependent on the switch positions of all circuit breakers and
disconnectors.
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| o e RV QA1 ) Synchronization function
& » Sync. voltage ~ —
i e ® =
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%E > Sync. voltage —
Measuring point | 3-ph 1
FG Circuit breaker
QA1 |52 ; ;
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A2 2] i hed 9
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Fig. 1: Synchronization in a Breaker-and-a-half arrangement
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Each synchronization function requires 2 comparison voltages. For the circuit breaker QA2 located in the
middle, there are 2 options for each side (Vsync1 and Vsync2). The selection of synchronization voltages for
each side depends on the position of the circuit breaker and the disconnectors.

For circuit breakers QA1 and QA3, the busbar voltage (Vsync1) is available for one side, and 3 voltages
(Vsync2) are available for the other side.

1.3 Existing Solution with CFC Logic

The solution is based on the following CFC plan which selects the ID number of the voltage measuring points:

S (@38
bool_int_1 - mux_d_1
BOOL INT MUX D
—INT ouT —IN1 ouT Circuit breaker 1.V sync seledt.V sync [Dint]
Discornector | Disconnecior Postion closed [Bool] N2 5 —IN2
—IN3 —IN3
) —IN4 —IN4
and10_1 —MOD K
AND10
Disconnector 2 Disconnactor Position closad {Bool] X1 Y (6 ) 7
Disconnecior 6 Disconnector Position closed [Bool] w2 bool_int_2 mux_d_2
e Ca) BOOL INT MUX D
and10_2
AND10 —INt OuT —IN1 ouT- Circuit breoker 1V sync select.V sync2 [Ding
H 2—IN2
Disconnecir 2 Disconnector Position closed [Bool]  ~ Kl Y IN3 3—IN3
Disconnector 6 Disconnactor Postion.open [Bool] d N4 6—IN4
Discann, statzs 1 Disconnactor Position closed [Bool] X3 —MOoD K
Circut brk status 1 Circuit bresk. Position closed [Bool) x4
Disconn. status 4 Disconnactor Position.closed [Bool] 5
Disconn. statss 5 Disconnector Position closad [Bool] Xb
o 5
andi0_3
AND10

Disconneciar 2 Disconnector Position closed [Bool]
Disconnector 6 Disconnector Postion.open [Bool]

Disconn, stahzs 1 Oisconnectar Position closed (Bool]
Circaat brk status 1 Circuit bresk Position closad [Bool]
Discone. statss 4 Disconnector Position.closed (Bool]
Discoan. stetus 5 Disconnactor Poston.open [Bool]
Disconn. statizs B Disconnacior Position closed (Bool]
Cireut brk status 2 Circuit bresk. Position closed [Bool)
Disconn. status 11 Disconnector Position. closad [Bool]

CEBBBREERE

Fig.2: Example from Manual “High Voltage Bay Controller”

The proposed solution is limited for 3 voltage measuring points, as the CFC Block “"MUX_D" has 4 inputs
maximum available for possible numbering of measuring points, from which one is needed for the value
“zero” in case no valid measuring point is selected.

This application note suggests a CFC plan which can handle more measuring points, which may become
important when using process bus solutions with many merging units providing the voltages from different
bays.

Main idea is to have two BOOL_INT blocks, from which the results are added together to get the number of
the measuring point. This removes the need of using the limited MUX_D Block.

1.4 SIPROTEC 5 Configuration

In the example, 20 binary signals are used which indicate the selection of one of the 20 voltage measuring
points of the device. The following pictures show the hardware of the device and the 20 voltage measuring
points.
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Fig.3: Hardware of the SIPROTEC 5 device

| Voltage-measuring points

» Base medule » Expansion medule 3

» 18 » 3B
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Measuring point Connection type Vi vi2 Vi3 Vis VER] V32 UEE]
(Ally [+] camy [=] & [=] [=] amy [=] amy [=] am [=] [=] amy
[SWeaspointvaph1 |3 phtogndvoltages [+|va VE Ve
o Meas_point v-1ph 1 VAB
& Meas.point V-1ph 2 VA
& Meas_point v-1ph 3 VA

& Meas.point V-1ph 4
& Meas_point V-1ph 5
& Meas.point V-1ph 6
& Meas_point V-1ph 7
& Meas.point V-1ph 8
& Meas_point V-1ph 9
& Meas.point V-1ph 10
& Meas_point V-1ph 11
& Meas.point V-1ph 12
& Meas point V-1ph 13
& Meas.point V-1ph 14
& Meas point V-1ph 15
& Meas.point V-1ph 16
& Meas point V-1ph 17
& Meas.point -1ph 18
& Meas_point V-1ph 19
& Meas point V-1ph 20
—_——

VA

Fig.4: List of voltage measuring points

1.5 DIGSI 5 Parameterization

In this example, the Vsync2 voltage (see next picture) shall be selected to be one of the 20 voltage measuring
points, depending on the status of the 20 SPS signals which decide the selection. (We do not care about
Vsync1 in this example).
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> & a1 201
b & Trip logic 201.5341
» & Circuit break. 201 4261
b & Manualclose 201.6541
» & Reset LED Group 201.13381
b & Control 2014201
b & Interlocking 201.4231
b B CB test 2016151
¥ & Vsync select. 201.10711
& voynct 20110711 INS
& vsync2 20110711 INS
4 ‘ Health 201.10711.53 ENS
‘ Sel.V syncl invalid 201.10711.... SPS
& sl vsync2 invalid 201.10711.... SPS
» G Fundamental 201.1501
» & 25 Synchronization 201.1151

~ [ Selection Signals 851
v @ Vselect 851.13381
‘ =LED reset B51.13381... SPS
* LED have been reset 851.13381... SPS
§§ Vsync2 select MP3 SPS
#i Vsync2 select MP4 SPS
& Vsync2 select MPS SPS
#; Vsync2 select MPS SPS
& Vsync2 select MF7 SPS
#§ Vsync2 select MPE SPS
& Vsync2 select MP9 SPS
#§ Vsync2 select MP10 SPS
¢ Vsync2 select MP11 SPS
#§Vsync2 select MP12 SPS
#i Vsync2 select MP13 SPS
i Vsync2 select MP14 SPS
#i Vsync2 select MP15 SPS
§§ Vsync2 select MP16 SPS
#i Vsync2 select MP17 SPS
§§ Vsync2 select MP18 SPS
i Vsync2 select MP19 SPS
& Vsync2 select MP20 SPS
# Vsync2 select MP21 SPS
¢ Vsync2 select MP22 SPS

=

Fig.5: View of V sync select function block and selection signals

According to the numbering of the voltage measuring points in the “function group connections” view in
DIGSI, the selection signals are named Vsync2 select MP3 — 22. If one of these signals is “high”, the respective
measuring point shall be input to Vsync 2 of the synchrocheck. If more than one signal is high, the selection

has to be invalid (value larger than 22 for more than one selection, we use value 23 in this case). If no

selection signal is “high”, the value Zero is supplied as Measuring point ID, that results in a valid status of the
synchrocheck, but no measuring point is selected and the synchrocheck does not operate (e.g. status during

moving time of disconnectors).

The next figure shows an overview about the functionality.

Vsync2select MP3

Vsync2select MP4

Vsync2select MP22

Fig.6: Overview Voltage Selection functionality

V1 Meas.point 1D3

V2 Meas.point 1D4 -

V20 Meas.point ID22 —

CFC logic

| Select ID

APN-085

Edition 1



SIPROTEC 5 Application

Voltage Selection for Synchrocheck for large number of voltages

The CFC logic for determining the measuring point ID from the status of the sync select signals has the
following parts:

1. Logic to determine the valid number from the status information. Therefore, two blocks of type “BOOL_INT”
are controlled by “OR" blocks which calculate the correct BCD input for these blocks. The results from the
two "BOOL_INT"-blocks are added.

arll 1
OR10
oR
Sel=ction SignakVSslsctVapned select MP3 [BOOL] ———X1 Y.
Sal=ction SignakVEsleclVopned calacTMPS [BOOL] — X2
Sel=ction SignakVislsct Vapned s=lect MO7 [BO0L] ——— X3
Selection Signak Vielsct Wopned zelect MP3 [B00L] ©———— X4 baal_int_1
Selection SignalaWSelect Wapncd sel=ct MP11 [BO0L] ——X5 EQCL INT
Selaction Signalk: Woalsct Wapncd sslsct MP13 [B001] ——— X6 BOOL_INT
Salaction Signak vEsbect Vopncl calact MP15 [BOOL] — X7 M1 our—
Selaction SignalaWEslect Wapncd sslsct MP16 [B00L] — X4 R —————————)
Salaction Signak vEsbect Vopnel celact MP17 [BOOL] —— X9 ——— N3
I—XH: T ——— ]
{27} 3 —MOD
arlC_10
COR10
(o]
Selaction Signak WSelsct Wrpned zelect MP18 [BOO0L] ———X1 b
Sel=ction Signak.vSslsct Vapned select P19 [BOOL]  ———— X2
Selaction SignalaWEelect Vapncd select MP20 [BO0L] ——— X3
Selection SignalaW5slect Wapncd sel=ct MP2Y [BO0L] ——X4
Selection SignalaWEelect Vapncd select MP22 [BO0L] ———X5
[ 27
arll 2
OR10
A
Selaction Signak VEelsct Wopned select MPS [BO0L] ———— X1 Y
Sdection SignalaV5elect Vapncd szlect MPS [B00L] ——X2
Selaction Signak VEelsct Vogned select MPTF [BO0L] ——— X3
Eelaction SignakeWEslect Vopned selsct MP10 [BO0L] — X4
Selaction Signak WEelsct Vipned select MP11 [BOOL] ———— X5
Salaction Signak vEslect Vopneld calactMP1 4 [BOOL] —— X6
Selaction SignalaWEelect Vapncd select MP15 [BO0L] —— X7
Salaction Signak vEslect Vopnel celactMP1 8 [BOOL] —— X8
Selaction SignalaWEelect Vapncd select MP17 [B00L] —— X3
I—XIC —
arll_11
OR10
R
Selection SignalaW5slect Vapncd sel=ct MP18 [BO0L] ———X1 Y.
Selaction SignalaWEelect Vapncd select MP19 [BO0L] ———— X2
Eelaction SignakeWEalect Vapncd salact MP20 [BO0L] — X3
Selection SignakvSelect Vapncd select MP2Y [BOOL] ———— X4
Selaction Signak vEslect Vopnel calact MP22 [BOOL] — X5
A Fa L ]

Fig.7: CFC plan, part 1: BCD coding for MP selection

2. Replacement logic to replace the value with invalid value “23" if more than one of the status inputs has
value "high”, see Fig.6.

add_d4_2
ADD_D4
ADD_D
IN1 y— Replace Vilue on Condit...
——IN2 CFC
&
37 Normal Value Out Value QATN sync select.V sync2 [DINT]
and10_1 ————— Condition
ANDI1O 23—Replace Value
AND
X1 |
X2

Fig.8: CFC plan, part 2: replacement of value in case of error
3. Macro for defining the replacement logic

The logic for replacement is built in a CFC macro (plan in plan), shown in Fig.7. The condition is coming from
a Boolean logic: (Not all inputs) are Zero AND (Not exactly one input is high).
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o
MUX_D
MUX_D

Normal Value IN1 ouT. Out Value

Replace Value

IN2
—IN3
—INg
K

g e
ADD_D4
ADD_D
INT ¥
—IN2 1—IN2
I3

Fig.9: CFC plan for replacement of output value in case that condition is fulfilled (logical “high”).

1.6 Conclusion

With the help of a CFC plan, it is possible to build a selection mechanism for the synchrocheck voltage
selection which delivers the measuring point number depending on a logic input signal. By using two
BOOL_INT blocks instead of the MUX_D Block, the number of measuring points can be increased above the
three possible inputs from the example in the manual. The described CFC plan is available in a Demo DEX file
of a 6MD86 device.



Published by
Siemens AG 2021

Smart Infrastructure

Digital Grid

Automation Products
Humboldtstr. 59

90459 Nuremberg, Germany

www.siemens.com/siprotec

Our Customer Support Center
provides a 24-hour service.
Siemens AG

Smart Infrastructure — Digital Grid
Customer Support Center

E-Mail:
energy.automation@siemens.com

For all products using security features of OpenSSL
the following shall apply:

This product includes software developed by the
OpenSSL Project for use in the OpenSSL Toolkit.
(http:/lwww.openssl.org)

This product includes cryptographic software
written by Eric Young (eay@cryptsoft.com)

This product includes software written
by Tim Hudson (tjh@cryptsoft.com)

This product includes software developed
by Bodo Moeller.



