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1.1 Introduction

New structure of CB monitoring

Starting in SIPROTEC 5 Version V9.30, the circuit breaker monitoring functionality is innovated. Due to adaptations in
IEC 61850 standard, the modeling of the circuit breaker monitoring has changed. In the realization in SIPROTEC 5, it means
that a new Function (FN) for the CB monitoring was created. This application note explains the new approach and the
differences to the old approach. In Edition 2 of this application note, the new functionalities are explained which have been
added until V9.80.

1.2 Structure of CB Monitoring from V9.30 on

The structure of the SIPROTEC 5 CB Monitoring is re-organized into the 3 Phases, according to definition in the
IEC 61850-7-4 (LN SCBR). This can be seen in the representation if the FN is instantiated:

- Gf QA

L~
v
L
w
L
w

L

4 v v v v v v v w

¥

4
»
4

1

Trip logic

Circuit break.
Manual close
Reset LED Group

Control

Interlocking

CB test

L
L
L

& Fundamental
&# 25 Synchronization
&# CB monitoring

General
Phase A
Phase B
Phase C

201
201
201
201
201
201
201
201
201
201
201
201
201
201
201

5341
4261
6541
13381
A201
4231
BE151
501
151
3431
3431.2..
34312
34312
34312

The functionality of CB Monitoring is now visible and configurable as settings of the Stages of the FB “CB monitoring”:
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Phase A [FunctionBlockData.Protection]

General

Details

Userinformation

Phase A

The individual functionality like 2P method, 12t method etc can be activated, then DIGSI shows all available settings to
configure the functionality. For more details on available functions, see chapter 1.4.

Phase A [FunctionBlockData.Protection]

General

Details

User information

APN-095

Phase A
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The settings can be individually set for each phase; if this is not required, then the settings of all three phases can be

synchronized by the respective setting in the stage “General”:

¥ & CB monitoring 201.3431

¥ & General 20134312

b g Phase A 20134312

» g Phase B 20134312

b & Phaze C 20134312
(<] ]

=] Properties %

General
Details I
— General

User information

Edit mode: secondary

201343123111

Active: settings group 1

Apply PhaseA config to all : E

The new functionality (break time since V9.30) is added only in the new FB “CB monitoring”, not in the old “CB wear

monitoring”. This will be valid also for future extensions of the CB monitoring functionality.

Edition 2

APN-095
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1.3 Handling of the two versions of CB Monitoring

The old and the new Function (FN) Circuit Breaker Monitoring have different names to be able to distinguish:

New FB: CB monitoring

Old FB: CB wear monitoring

Both FBs are available in the DIGSI 5 library if you have installed Device Drivers <=V9.20 and >=V9.30. However in new
created devices (configuration version >=V9.30), only the new FB can be instantiated. In legacy devices (configuration
version <=V9.20), only the old FB can be instantiated. In the DIGSI 5 library, both versions are contained (if respective

DDDs are installed).

* | 6MD86 Bay controller

» | Advanced Protection communication

b | FG Analog Units

b | FG Automatic Voltage contral

~ | FG Circuit breaker
gl Circuit breaker

ﬁ Circuit breaker [control]
@ Circuit breaker [status only]

b |25 synchronization

b 7D Autornatic reclosing function

~ | CE monitoring
& CB monitaring

* | Stage types
& 2P-method
& 1IZt-method

& Zb-method

~ CB wear monitaring

&# CB wear monitoring

& Supv.CB mak.t.

New FB (>=V9.30)

Old FB (<=V9.20)

¥ | Circuit-breaker closing-CIrcuit sUper..

b | Circuit-breaker failure protection

The reason for keeping the old FB is to be able to upgrade devices from <=V9.20 to >=V9.30 (this will keep the old FB in

the upgraded device).

Note: If you upgrade a device from <=V9.20 to >=V9.30, and afterwards create a new Circuit Breaker in the device, you
have the choice to either use the old FB or the new FB (recommended is the use of the new FB).

The difference of the two FBs can also be clearly seen in the IEC61850 modeling:

New FB:
~ §§CB1_CBManitoring [m) QA1:CB monitoring
} 2sLLNO CB1_CBMonitoring/LLNO
P 3=GAPC1 = QA1:CB monitoring:General
»  3sPhA_SCBR1 @ QA1:CB monitoring:Phase A
» 3sPhB_SCBR1 E QA1:CB monitoring:Phase B
»  3sPhC_SCBR1 E QA1:CB monitoring:Phase C
Old FB:
¥ §8CB1_CBWearMonitoring m) QA1:CB wear monitoring
b ZeLLMO CB1_CBWearhonitoring/LLNO
b 3:GAPC1 m) QA1:CB wear monitoring:General
b 2sPlx SCEBR1 E QA1:CB wear monitoring:Zkx-method
»  3a12t SCBR1 @ QA1:CB wear monitoring:12t-method
APN-095 6
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1.4 Description of the Primary Monitoring Functionalities

In this application note update (Edition 2), the functionality of the Primary Monitoring Functionality is summarized for
version SIPROTEC 5 V9.80. Only the new Function Block “CB Monitoring” (>=V9.30) is described.

How to configure Primary Monitoring Functionalities

To configure the monitoring, drag and drop the function block “CB monitoring” or “Disconnector Monitoring” from the
DIGSI library into the Function Group “Circuit Breaker” or “Disconnector” which you would like to monitor. In the FG circuit
breaker, additionally the FB “CB monitoring SOPM" is available, where SOPM stands for Supervision of Operating
Mechanism. (Logical Node Name from IEC61850). For the Circuit Breaker 1/3pole, additionally the function “Pole
discrepancy” is available.

~ | Baycontroller
b | 6MD85 Bay controller
~ | 6MD86 Bay controller
» | Advanced protection communication
r J Bay
b | FGAnalog Units
» | FG Automatic Voltage control
* | FG Circuit breaker
g Circuit breaker
ﬁ Circuit breaker [control]
ﬁ Circuit breaker [status only]
g Circuit breaker [without current]
» | 25 synchronization
b | 79 Automatic reclosing function
~ | CB monitoring
B CB monitor. SOPM
& CB monitoring

¥ | Circuitbreaker closing-circuit supervision

b | Circuitbreaker failure protection

b | Circuitbreaker test

b | Control

» | dBEP Function extensions

b | External synchronization

b | Tripcircuit supervision

» | Undervoltage detection

» _ | Voltage selection * | switching devices

* | FG Circuit breaker 1/3pale e sl on ot

i Circuit brk.1/3pol

- g8 Disconnector [status only]
» _ | 25 synchronization

g Tap changer

P |79 Automatic reclozing function = |
. .. b Contro
* | CB monitoring J _ .
k& CB monitor. SOPM * | Disconnector monit.
k# CB monitoring &# Disconnector monit.

In the device settings, you are then able to select the offered monitoring functions in this function block.

Edition 2 7 APN-095
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Testproject V9.80 V4 » 6MDB6_V9.80 » Settings » QA1 » CB menitoring

r ‘Editmmle: secondary | r |k:liue: ings group 1 | |G-nge: ings group 1 | ‘f' I: None

G 1

Offered functionalities in FB “CB monitoring” (V9.80)

Testproject V9.80 V4 » 6MD86_V9.80 » Settings » QA1 » CB monitor. SOPM

r |Editmude: secondary | r |Hcﬁve: settings group 1 | |dl|n_qe: settings group 1 | |f' F Nane | (— ﬁ | z

3-Phase

Offered functionalities in FB “CB monitoring SOPM” (V9.80)

APN-095 8 Edition 2
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Testproject V9.80 V4 » 6MD86_V9.80 » Settings » QB1 » Disconnector monit.

rt |Editmm|e: y | Active: ings group 1 | |Clnnge: ings group 1 | |f' I: None |(— ﬂz

Discon. monit.

Offered functionalities in FB “Disconnector monitoring”

The instantiation of the function blocks costs function points (FP): Per Circuit Breaker 10 FPs (independent if one or both
FBs are used), per Disconnector 5 FPs. “Pole Discrepancy” costs another 5 FPs per circuit breaker.

Categories of Monitoring Functions

A. Current flow based monitoring
These functions measure the current through the circuit breaker and derive the monitoring measurements from it. The
following current-flow based monitoring functions are available:

A1. Circuit Breaker Wear Monitoring: 2P, ¥ Ix, and 12t-Method

These functionalities have to be activated per phase in the settings (automatic copy of setting of Phase A to other phases
is possible).

Edition 2 9 APN-095
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2P-Method: Calculation of remaining switching cycles
YIx-Method: Sum of Trip Currents per pole
12t-Method: Sum of (Trip Currents)? per pole

The calculated values and the respective warnings and alarms are then available in the information routing matrix.

* @ CB monitoring 201.3431

b & General 201.3431.2...
b B 3-Phase 2071.3431.2...
* g Phase A 2071.3431.2...

%, Mode (controllable) 20134312, ENC

& Inactive 20134312 SPS

[ ‘ Behavior 20134312, ENS

[ ‘ Health 20134312, ENS

f 2P abrasion remaining 201.3431.2.. INS

W 2P abrasion cumulated 20134312 MV

E 2P abrasion last sw.op. 20134312 MV

& 2Fabrasion warning 20134312 SPs

& 2Fabrasionalarm 201.34312.. SPs

Bz 2 201.34312.. BCR

& Vaming Eix 201.3431.2.. SPS

EE Izt 2071.3431.2... BCR

& Warning 17t 201.3431.2.. SPS

For detailed description of the calculation methods and principles, please refer to the device manual.

A2. Electrical Make Time / Break Time

These functionalities also have to be activated per phase.

Phase A
General
201.3431.23971.101 Opening time: ms
201.3431.23971.102 Break time: ms
Vel ims: -
2P-method
. |
201.3431.23971.110 Active: (] a5
Zlx-method
201.3431.23971.120 Active: [] a8
12t-method
201.3431.23971.130 Active: [ A%
Make time
. |
201.3431.23971.140 Active: (¥ (A8
201.343123971.141 Threshald for warning: %
201.3431.23971.142 Threshold for alarm: %
201.3431.23971.143 Oper.cument threshold: A
201343123971 144 Delaycorectiontime: [0 | ms
Break time
201.3431.23971.150 Active: [ A%
E : 2 n
201.343123971.151 Threshold forwarning: (5 | %
201.3431.23971.152 Threshold for alarm: %
201.3431.23971.153 Delaycomectiontime: 0 |ms
new stage I ]

The calculated times for CB close (make time) and CB open (Break time) per phase are then visible in the information
routing matrix:

APN-095 10 Edition 2
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¥ @ CB monitoring 201.3431

b G General 20134312
b & 3Phase 20134312
v o Phase A | 20134312

% Mode (controllable) 201.34312.. ENC

& Inactive 20134312 5PS

» & Behavior 20134312 ENS

b Health 20134312 ENS

[ Make time 20134312 MV

& Make-time warning 20134312 3PS

& Maketime alarm 20134312 5PS

[ Break time 20134312 MV

& Ereaktime warning 20134312 5PS

& Ereak+time alarm 20134312 5PS

For further description of the calculation principle and the inputs of this function, please see the device manual.

A3. Pole Scatter Open | Pole Scatter Close time monitoring

The time between the extinction of the current of the first phase until the extinction of the last phase current when
opening the circuit breaker is the pole scatter open time. A greater time difference can lead to conclusions on the circuit-
breaker abrasion. See following picture.

750

1
/ 0.760

Pole scatter

The time between reaching the operational threshold of the current of the first phase until reaching the operational
threshold of the current of the last phase when closing the circuit breaker is the pole scatter close time. A greater time
difference can lead to conclusions on the circuit-breaker abrasion.

The pole scatter monitoring is activated in the “3-Phase” section of the CB monitoring settings.
e _________________________________________________________]

3-Phase

General

201.3431.26461.1

Pole scatter time open

201.3431.26461.150
201.3431.26461.151
201.3431.26461.152

Pole scatter time close

201.3431.26461.180
201.3431.26461.181
201.3431.26461.182

201.3431.26461.183

Mode:

Active:
Thresheld for wamning:

Threshold foralarm:

Active:
Threshold for warning:
Threshold for alarm:

Oper.current threshold:

an

[10

[0.100

Edition 2
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Also in this case, the resulting calculated values and the alarms appear in the information routing matrix.

* B CBE monitoring 201.3431
b & General 20134312
* @ 3-Phase 20134312
%, Maode (controllable) 201.3431.2.. ENC
& Inactive 201.34312.. 5PS
4 ‘ Behavior 201.3431.2.. ENS
4 ‘ Health 201.3431.2.. ENS
W Pole scatter time open 20134312 MW
‘ ScatterTm open warn. 201.3431.2.. 5P
’ ScatterTm open alarm 201.3431.2.. 5PS5
W Pole scatter time close 201.3431.2.. MV
‘ ScatterTr close warn. 20134312 5PS
# ScatterTm close alarm 20134312 SPs

B. Auxiliary Contact based monitoring
These monitoring functions base on the supervision of the auxiliary contacts of the breaker.

B1. Mechanical Open/Close Time

This functionality calculates the circuit breaker switch time based on changes of the auxiliary contacts. It is activated in
the “3-Phase” section of the CB monitoring settings.

3-Phase

General
201.3431.26461.1

Pole scatter time open
201.3431.26461.150

Pole scatter time close
201.3431.26461.180

Mechanical sw. time open

201.3431.26461.160
201.3431.26461.161
201.3431.26461.162
201.3431.26461.163
201.3431.26461.164
201.3431.26461.165

201.3431.26461.166

Mechanical sw. time close

201.3431.26461.170
201.3431.26461.171
201.3431.26461.172
201.3431.26461.173
201.3431.26461.174
201.3431.26461.175

201.3431.26461.176

Mode:

Active:

Active:

Active:

Aupxiliary-contact time:
Thres. auxc. time warn:
Thres. auxc. time alarm:
Reaction time:

Thres._ react. time warn:

Thres._ react. time alarm:

Active:

Auxiliary-contact time:
Thres. auxc. time warn:
Thres. auxc. time alarm:
Reaction time:

Thres. react. time warn:

Thres. react. time alarm:

|

|

]

‘35 |ms
‘5 |ms
‘10 |ms
‘15 |ms
‘3 |ms
‘5 |ms
|

‘35 |ms
‘5 |ms
‘10 |ms
‘15 |ms
‘3 |ms
‘5 |ms

APN-095
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CB trip command

Paosition closed ! !

Paosition open

t0 t1 i
t2 - t0: Auxiliary-contact time opening
t1 - t0: Response time opening

t2 - t1: Auxiliary-contact moving time opening

Principle of mechanical open time calculation

CB close command

Position open

Position closed : :

t0 t1 2

t2 - t0: Auxiliary-contact time closing
t1 - t0: Response time closing
t2 - t1: Auxiliary-contact moving time closing

Principle of mechanical closed time calculation

You will find the values and alarms in the information routing matrix if the functions are activated in the settings.

[~ & cBmonitoring | 2013431
» ¢ General 201.3431.2...
* @ 3Fhase 20134312

%\ Mode (controllable} 201.3431.2.. ENC
& Inactive 201.34312.. 5PS

3 ‘ Behavior 201.3431.2.. ENS

4 ‘ Health 201.3431.2.. ENS
m Aux-contact time open 201.3431.2.. MV
‘ Aux.c.time open warn. 201.3431.2.. 5Ps
@ Auxc time open alarm 201.3431.2.. SPS
m Reaction time open 20134312 MV
‘ React. time open warn. 201.3431.2.. 5PS
‘ React. time open alarm 201.3431.2.. 5SPS
m Auxc. travel time open 201.3431.2.. MV
m Aux-cont. time close 201.3431.2.. MV
& Auxc.time close warn. 201.3431.2.. SPS
@ fuxc time close alarm 201.3431.2.. SPS
m Reaction time close 20134312 MV
@ React. time close wamn. 201.3431.2.. SPS
‘ React. time close alarm 201.3431.2.. SPS
m Auxc. travel time close 201.3431.2.. MV

Edition 2 13 APN-095
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B2. Number of openl/close operations

This monitoring feature counts the number of operations of the circuit breaker. It is activated in the “3-Phase” section of
the CB monitoring settings.

-]
3-Phase

General

201.3431.26461.1 Mode: |on [~]

Pole scatter time open

201.3431.26461.150 Active: D M

Pole scatter time close

201.3431.26461.180 Active: D M

Mechanical sw. time open

201.3431.26461.160 Active: D ag
Mechanical sw. time close

201.3431.26461.170 Active: D ag

Operation counter

201.3431.26461.190 Active: (W] AR
201.3431.26461.191 Threshold forwarning: | 9500 \
201.3431.26461.192 Threshold foralarm: [ 10000 |

The following results and alarms appear in the information routing matrix:

* # CB monitoring 201.3431
b ¢ General 201.3431.2...
¥ @ 3-Phase 20134312
A, Mode icontrollable) 201.34312.. EMNC
& Inactive 20134312 SPS
¥ ‘ Behavior 201.3431.2.. ENS
¥ ‘ Health 201.3431.2.. ENS
# Operation counter 20134312 INS
‘ Oper-counter warning 20134312 5P5
‘ Oper-counter alarm 20134312 5P5

C. Current flow and auxiliary contact based monitoring

These monitoring function works with both the current measurement and the feedback of the CB position.
C1. Pole Discrepancy

This function is a special case, as it is not part of the function block “CB monitoring”: It has its own function block.
Additionally, it is only available in the CB 1/3pole. Therefore, it checks the auxiliary contacts for single open poles.
Additionally, the current can be supervised tor that purpose. As the function can also trip the CB, it is both a monitoring
and a protection function. Its instantiation in a Function Group Circuit Breaker costs 5 function points, independent of the
usage of a FB “Circuit breaker monitoring”.

APN-095 14 Edition 2
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[T TP ]

= ] Circuit brk.1/3pol 1

W General

& Trip logic

& Circuit break. Pole discrep.

& Manual close

& Control 301.26761.1 Mede: [on -]

301.26761.101 Alarm only: 5 -

g CBtest ¥ e []
o 301.26761.102 Current check: |yes [~]

b CB monitoring 301.26761.103 Delayfor 1 pole open: | 2.00 | s

B CB monitor. SOPM 301.26761.104 Delayfor 2 poles open: | 2.00 | s

& Pole discrep. 301.26761.105 Minimum eoperate time: | 0.12 | s

It detects whether the position of one pole is different than the position ot the other poles. As it does not generate
measurements, the signal view in the information routing matrix is as follows:

&% Circuit brk.1/3pol 1 301

b & Trip logic 3015341
» & Circuit break. 301.4261
» & Manual close 301.6541
» & Control 3014201
b b Interlocking 3014231
b B CBtest 301.6151
} & ResetLED Group 301.13381
> & Pole discrep. 301.26761

# =Block function 301.26761.82 SPS

°L Mode (controllable) 301.26761.51 ENC

‘ Inactive 301.26761.54 SPS

] ‘ Behavior 301.26761.52 ENS

] ‘ Health 301.26761.53 ENS

» & Pickup 301.26761.55 ACD

& slam 301.26761.. SPS

~ & Operate 3012676157 ACT

& general SPS
» G# Fundamental 301.1501
» & CE monitoring 3013431
» & CB monitor. SOPM 301.3431

D. Time Based Monitoring
D1. CB Inactivity Time, D2. CB Operating Time

Both Supervision Times can be activated in the “3Phase” section of the monitoring settings. In the 1/3phase circuit
breaker, these functions work per phase.

3-Phase.
General
203831 208811 N
Pole scatter time open
2013431.26461.150 Active: [] (28
Pole scatter time close
2013431.26451.180 Aetive: [] (A%
Mechanical sw. time open
2013431.26461.160 Active: [ (a8
Mechanical sw. time close
201.3431.26451.170 Active: [ (a8
Operation counter
201.3431.26451.190 Active: (@) (a8
2013431.26461.191 Threshold for warning:
2013431.26461.192 Threchold for alarm: [ 10000
Operating time
2013431.26461210 Active: () (a8
2013431.26461.211 Threshold for warning: | 16800 h
2013431.26461.212 Threshold for alarm: | 19200 h
Inactivity time
201.3431.26461.220 Active: (@) (a8
201.3431.26461.221 Threshold for warning: [£760 h
2013431.26461.222 Threshold for alarm: [17520 h
ne; e De |

Edition 2
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The calculated time values and alarms appear as follows in the information routing matrix:

¥ [ CB monitoring 201.3431
¥ & General 201.3431.2...
~ & 3rhase 201.34312...
%, Mode (controllable) 201.3431.2.. ENC
& Inactive 201.34312.. SPS
» & Behavior 201.3431.2.. ENS
v & Health 201.34312.. ENS

20134312 INS
20134312 5PS
20134312 5PS
20134312 INS
20134312 5PS
20134312 5PS
20134312 INS
20134312 5PS
20134312 5PS
2001343 2.

& Operation counter
& Opercounterwaming
& Oper<ounteralarm
& Operating time
& Operatingtime wam.
& Operatingtime alarm
& Inactivity time
# Inactivitytime warning
& Inactivitytime alarm

b & Phase A

E. Supervision of the Operating Mechanism (LN SOPM)
This functionality monitors the mechanical equipment which moves the circuit breaker, especially the energy storage for
the CB movement. The function is modeled by an own function block “CB monitoring SOPM”, which has its own IEC61850
LN representation SOPM. It measures the motor operation time and the mechanical execution time until the energy
storage of the motor is empty.

201.3431.27751.1 Mode: |on [+]

Motor op. time

201.3431.27751.170 Active: [o] (A
201.3431.27751.171 Motor op. time: | 10.00 | s
201.3431.27751.172 Threshold value warning: |10 | %
201.3431.27751.173 Threshold value alarm: |30 | %
Mechanical exec. time
201.3431.27751.180 Active: o] (A
201.3431.27751.181 Mechanical exec. time: |30 | ms
201.3431.27751.182 Threshold value warning: |5 | ms
201.3431.27751.183 Threshold value alarm: |10 | ms

This function needs information about the status of the energy storage of the CB motor, so it has to be connected to the
appropriate contact “Operation mechanism ready” (see below information list). The calculated times and respective
alarms also appear here when the function is activated in the settings.

For more details, please refer to the device manual.

APN-095 16 Edition 2
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| » & cBmenitoring 2013431

| = & B menitor. SOPM 2013431

) » General 20134312

| v 3Phase 20134312

- & Operat.mechan. ready Y 20134312 SPS
[ | 3, Made (cantrollable) Y/ 20134312 ENC
[ | & Inactive Y/ 20134312 SPS
©» & Behavior Y 20134312 ENS
> $Health Y 20134312 ENS
- ﬁhbtnrnpemﬁng time o 20134312, MW
- # Motor op. time warning i 20134312.. SPS
- # Motor cp. time alarm i 20134312.. SPS
- ﬁhhchanicﬂlemc.ﬁme o 20134312 WY
- & Mech. exec. time wamn. i, 20134312.. S5Ps
- & Mech_exec. time alarm i, 20134312.. S5Ps

F. Disconnector Monitoring

The following subset of the circuit breaker monitoring functionality is available for the disconnectors:

Discon. monit.

Edition 2
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1.5 Tips for handling of the functionality

If you need to reset or set the calculated values of the monitoring functions, for example because of exchange of the

circuit breaker, you can access and set these values by three methods:

1) By Device HMI
You can access the measurements on the device display via Measurements -> Circuit Breaker -> Function Values -> CB

monitoring. Example:

®

'
8
v

o

<

As you can see here in the example, the values can be changed.

SIEMENS

2) Via DIGSI online

The function values are also accessible and can be changed via DIGSI 5 if connected to the device:

OThnmam'

Showvelveses: [primay o] &

d from normal operation. Setresat of

Online access » TP-Link Gigabit PC| Express Adapter ¢ Device 2.1 (Assigned) » Measurements + Circuit breaker 1 (Process)

functiznal and uasr-defined values is allowed.

r

Funconvtues | Sais | Userat-waums |/
» value

|

Messurements |current valus | [
[* €B monitoring |
* Phasen _mm |
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SIPROTEC 5 Application

New structure of CB monitoring

3) Via IEC Browser

It is also possible to read and change the values of the monitoring functions with the IEC-Browser. The values are available
in the Logical Nodes SCBR (Function Block Circuit Breaker Monitoring), SOPM (Function Block CB Monitoring SOPM), SSWI
(Disconnector Monitoring) and PDSC (Pole Discrepancy).
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1.6 Summary
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The CB monitoring functionality in SIPROTEC 5 has been innovated in platform version 9.30, with the first new
functionality “break time” added. As the IEC61850 modeling has changed in the standard Edition 2, a new FB was created
in the SIPROTEC 5 platform. For using legacy devices, the existing FB is still available. New future functionality for CB
monitoring have been added in the new FB only. This application note Edition 2 describes what has been implemented

until SIPROTEC 5 v9.80.
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