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1.1 Introduction

Breaker Pole Discrepancy Function

This application note describes a simple method to obtain a breaker pole discrepancy alarm using SIPROTEC 5.

Additionally, the SIPROTEC 5 device manuals as well the DIGSI 5 help function should be consulted for further details.

1.2 Overview

In most circuit breaker applications, the pole discrepancy function is part of the circuit breaker. Where breakers can be
tripped single pole, the protection and auto re-close function ensure that a circuit breaker never ends in a single pole
open state. Some applications however demand a circuit breaker pole discrepancy function in the protection relay. Such a
pole discrepancy function is based purely on the status of the auxiliary contacts. This application note describes how this
can be implemented with SIPROTEC 5 using standard functions included in the device.

1.3 Circuit breaker switching state

The breaker switching state is obtained via binary inputs. There are a number of alternatives for the application of the

auxiliary contacts:

w & Circuitbreak. 301.4261 * * * *

& =Ready 301.4261.500 SPS
& >Acquisition blocking | 301.4261.501 SPS
& -Resetswitch statist. | 301.4261.502 5PS

» & External health 301.4261.503 ENS

¥ ‘ Health 301.4261.53 ENS

b a'IhF'u:us.itiu:un 3-pole 301.4261.58 DPC |OH

b *L‘ Position 1-pole phsA | 301.4261.459 DPC CH

» %, Position 1-pole phsB | 301.4261.460 DPC CH

» %, Position 1-pole phsC [ 301.4261.461 DPC CH

Figure 1: Typical routing of binary inputs for circuit breaker auxiliary contacts

With the routing shown in Figure 1 above, the circuit breaker auxiliary contacts can, with good reliability, indicate both
the open and closed state of the circuit breaker. For this example the external connection shown in Figure 2 below is
required. For the application of the pole discrepancy function as described in this document, the 3 phase selective
auxiliary contact signals, Position 1-pole phsX, must be applied in the closed high (CH) configuration because the logic
will evaluate the phase selective CLOSED-Status. The 3-phase status, for example the Position 3-pole, which is routed as
“OH"in Figure 1, is not required and may be left out.

Under Heading “1.7 Logic with Phase Selective Close AND Open” a further variant for the Pole Discrepancy Function is
provided. This requires 6 binary inputs and replicates the classic discrete logic.



Breaker Pole Discrepancy Function

PhA  PhB PhC PhA PhB PhC

+DC

\ SIPROTEC 5
CB s\ -\ o\ o FG oB

Bl1 3 pole Open High

BI2 1 pole phsA Close High

BI3 1 pole phsB Close High

Bl4 1 pole phsC Close High

y

Figure 2: Connection of auxiliary contacts — with phase selective Close High status

The following state indications are available for the Circuit Breaker.

Signals |Number Type [I
(All) (=] 2 [*] —[=][~]
& Circuit break. | 301.4261

&® Ready 301.4261.500 SFS
# =Acquisition blocking 301.4261.501 SPS
@ Recet switch statist. 301.4261.502 5PS
» & External health 301.4261.503 ENS
b ‘ Health 301426153 ENS
b\, Position 3-pale 301426158 DPC
- "L- Position 1-pole phsaA 301.4261.459 DPC
& open SFS

& closed SPS |

‘ interrmediate position SP5 |
# disturbed position SPS
] "'L- Fosition 1-pole phsB 301.4261.460 DPC
b\, Position 1-pole phsC 301.4261.461 DPC

Figure 3: Indication of circuit breaker state (the phase selective closed state is used in the logic)

The signals that will be used for the pole discrepancy function are the phase selective closed state. In Figure 3 above this
is the highlighted “Position 1-pole phsAlclosed” for phase A. These states are indicated as soon as the state of the auxiliary
contact for the respective phase shows that the pole is closed or not open.
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1.4 Pole discrepancy signal

A user defined signal and time delay must be introduced for this purpose. From the library first add the “Chart Setting
Integer” and rename it to “Pole Disc, Timer ms”. In the next step drag and drop the SPS into the new function and rename

it “PD alarm”.

Information » Destination ~ | Project library
» Base modul » Expansion module 3 - = : COHI‘:EJOZ-dI'IVEI"I e n
Signals Number Type | 145 16 31 32 33 34 | LU Preiectlibrary
cally (ally NP A Global libraries
Break.current phs B|E| 301.4261.3? WB B B B B lzl L.Ij} LI} L ﬁ.l
Break-currentphs C 3014261313 MV w L] Global DIGSI 5 Library
Break.voltage phs A 3014261314 MV ~ S Types
Break.voltage phs B 301.4261.315 MV » _ |Line protection
Break.voltage phs C 3014261316 MV » | Owvercurrent protection
‘ CB open hours 3014261322 INS » _|Platform protection
& Operating hours 301.4261.323 INS b _ |Transformer differential protection
» & Manual close 301.6541 » J Function extensions
» & ResetLED Group 301.13381 b |Meastrans.in
» & Control 3014201 » _| Pickup modes
» & Interlocking 301.4231 w | Userdefined functions
b & CBtest 3016151 & Chart setting Bool
» & SOBF CB fail.1 3014381 Step 1 ————— & Chartsetting Integer |
w & Pole Disc. Timer ms == 6 = & Chartsetting Real
@ Time delayms 301.0305 INS = & Load mod. trg.
& PDalarm 5P u & Puls_metval_
» E» Fundamental 3011501 & Swi.seq.
» B 25 Synchronizmtion 1.1151 &# User-defined function
» B 79 Auto. reclosing 301. & Uzer-defined function block
b g 1:Onboard Ethernet 101 g8 Userdefined function group
» g FUSART-AE-2FO 102 v |Userdefined signals
b g8 EETHBAZEL 103 # Controllable double point (DPC)
» ﬁ 3 device prot. com. a1 tep 2 ‘ Centrollable integer status (INC)
b G5 VI 3ph1 821 & Controllable single point (SPC)
EE hain rmenn lz'lz‘ ‘ Directional protection-activation information (ACD)
@ & Double-point indication (DPS)
|_d, Properties ||"iJ.Info i) " [ Diagnostics & Integer status (INS)
m‘ & Marker command (5PC)
P iiic \ ’ Ieasured value (W)
Details & Protection-activation information (ACT)

Jserinfarmation

Figure 4: Add user defined objects

|u

The new signa

Mama: |Findamental

# single-point indication (SPS)
# Single-point indication, not stored (SPS) I

PD alarm” is the pole discrepancy alarm. It may be routed to the required destinations now or later.
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1.5 CFC Logic
For the pole discrepancy alarm the following logic is applied via a CFC chart. The chart is applied as “Event Triggered CFC":

ner10_2

NOR10
NOR

X1 Y
X2
Circuit breaker 1.Circuit break..Position 1-pole phsA.closed [BOOL] x3

Circuit breaker 1.Circuit break..Position 1-pole phsB.closed [BOOL] &

Circuit breaker 1.Circuit break_Position 1-pole phsC.closed [BOOL]

norli0_1
NOR10
NOR
X1 Y
X2
A
and10_1
AND10
AND ton_1
Circuit breaker 1.Circuit break..Pesition 1-pole phsA.closed [BOOL] ——— X1 Y TON
Circuit breaker 1.Circuit break..Pesition 1-pole phsB.closed [BOOL] ——— X2 TON
Circuit breaker 1.Circuit break..Pesition 1-pole phsC.clesed [BOOL] ——— X3 IN Q—— Circuit breaker 1.Pcle Disc. Timer ms.PD alarm [BOOL

PT ET—
Circuit breaker 1.Pole Disc. Timer ms Time delay ms [DINT] J

Figure 5: CFC chart with pole discrepancy logic (Phase Selective Closed Status)

The input to the timer will only be a high state when both the 3 input NOR gate and AND gate have a “zero” at their
outputs. This happens when the Closed State is not the same in all three phases. Based on the three inputs used for the
phase selective status as shown in Figure 2, this is the pole discrepancy state that will be alarmed when the set time
expires.

1.6 Timer Setting

The pole discrepancy time is set in “ms” in the user defined chart setting timer applied under heading 1.4 above. A setting
of 1200 ms is applied as shown in the screen shot below:

Devices

HQ O r* [Edit mode: Secondary | M [Active: semtingsgroup1 | €= =) = V/E
Creates & new group. . .
» G Line 1 Pole Disc. Timer ms
] Circuit breaker 1
& General 301.0.105 Value: (1200
W Trip logic

& Circuit break.

& Manual close

& Control

W CB1est

& SOBF CB fail 1

& 25 Synchronimtion

& 79 Auto. reclosing

& Pole Disc. Timer ms

Figure 6: Setting of pole discrepancy timer
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1.7 Logic with Phase Selective Close AND Open

The classic pole discrepancy function was implemented using 6 breaker auxiliary contacts in the configuration shown in
Figure 7 below:

PhA  PhB PhC PhA PhB PhC

+DC

Pole Dicrepancy
o\ N\
BILE—  Tmer

\J

Figure 7: Typical connection of discrete Pole Discrepancy Logic

If the 6 auxiliary contacts shown in Figure 7 are connected to the SIPROTECS device a different logic should be
implemented to achieve the same response as from the discreet logic shown in Figure 7 (Figure 9).

PhA PhB PhC PhA PhB PhC + DC

c SIPROTEC 5
B
X T T T FG CB
Bll ‘ 1 pole phsA Close High ‘
BI2 ‘ 1 pole phsB Close High ‘
BI3 ‘ 1 pole phsC Close High ‘
Bl4 ‘ 1 pole phsA Open High ‘
BI5 ‘ 1 pole phsB Open High ‘
BI6 ‘ 1 pole phsC Open High ‘

Figure 8: Connection of auxiliary contacts — with phase selective Close High AND Open High status

To replicate the pole discrepancy logic as shown in Figure 7 with the connection to SIPROTECS5 as shown in Figure 8 the
following logic must be applied:
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>1 Pole Open
OR10
Circuit breaker 1.Circuit break..Position 1-pole phsA.cpen [BOOL] —— X1 Y
Circuit breaker 1.Circuit break..Position 1-pocle phsB.open [BOOL] —M X2
Circuit breaker 1.Circuit break..Position 1-pole phsC.open [BO0OL] — — X3
3
Open AND Closed
AND10
| Y —
>1 Pole Closed ———— X2
OR10 4
Circuit breaker 1.Circuit break..Position 1-pole phsA.closed [BOOL] ——MMX1 Y
Circuit breaker 1.Circuit break..Position 1-pole phsB.clesed [BOOL] — ——X2
Circuit breaker 1.Circuit break..Position 1-pole phsC.closed [BOOL] —— X3
A
4
PD Timer
TON
IN OQ——  Circuit breaker 1.Pole Discrepancy.Operate [BOOL]
1400 —FPT ET—

Figure 9: CFC chart with pole discrepancy logic (Phase Selective Closed AND Open Status)

With the CFC chart in Figure 9, the output of the two 3-input OR gates will both be high only when at least one of the
normally open and one of the normally closed auxiliary contacts is closed (compare with Figure 7). The AND gate will then
only trigger the timer when this pole discrepancy condition is present.

1.8 Conclusion

The application note shows how the standard functions in the device can be applied to derive additional functions such as
a Pole Discrepancy Alarm.

Note that the logic must be selected according to the manner in which the Breaker Status is obtained.
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