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1 Capabilities of the 7SX85 as a CPC for small
substations

1.1 Introduction

Among the many possible applications for the SIPROTEC 5 Universal Device Protection 7SX85 is the use of it as Centralized
Control and Protection equipment or commonly called CPC for small substations. 7SX85 as a CPC has the property of
protecting and controlling several fields with the concept of bays (FW > 09.50), additionally the use of Mod/Beh attributes
per bay according with Standard IEC61850 (FW >09.7x). This APN will show in various small substation configurations the
capabilities of the 7SX85 as a CPC Light, i.e., the maximum number of bays it can control and protect at the same time.
Configurations for a centralized and decentralized 7SX85 (via bay units / Merging units) will be shown.

It is not part of the document to describe different communications architectures, redundancies, clock types, GOOSE/MMS
abilities per port, for this please review what is written down in the applications or manuals intended for this.

The user will finally be able to reference these different configurations for their specific application.

1.2 Considerations per bay.

Each substation configuration shown in this APN consists of several bays of several types, additionally each bay requires
CFC logic for control and interlocks. This section will only show the considerations for the configuration of protection
functions for each bay.

1.2.1 Typical bays used.

There are 6 types of bays with independent FG like Circuit Breaker, Disconnector and Protection:

Bay Type 1: Feeder with line VT

Bay Type 2: Feeder without line VT

Bay Type 3: Tie with 2 busbar VT

Bay Type 4: Line with 21 as a main protection, including teleprotection schemes (POTT and Dir. Comp.).

Bay Type 5: Line with 87 and 21 as main protection, including teleprotection schemes (POTT and Dir. Comp.).
Bay Type 6: Two-winding transformer.

In the following figure you can see a schematic of the several types of bays with their functional groups.

Bay Feeder (with Line V) Bay Feeder (w/o Line V) Bay Tie

Loc Rem Loc Rem
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Bay Line 1 Bay Line 2 Bay Transformer

Fig 1. Bay types used in this Application note.

1.2.2 CFClogics used in each bay typical.

Each bay configured on 7SX85 has the following CFC logics:

Interlocking:

Simple interlocks for Circuit Breaker and disconnector considering the position of the device, the user can add more
conditions.

-
AND10
AND
Bay 1 Feeder 1 Circult breaker 1 Circuit break_Position open [BOOL] x1 ¥ Bay 1 Feeder 1.0 1 SE {8001
Bay | Feeder 1 Disconnector 1 i [800L] X2
A
'ﬂnﬂﬂ,l
AND10
) § AN :
Bay 1 Feeder 1.Circult breaker 1.Circuit bresk_Position.open [BOOL] X1 Y Bay 1 Feeder 1.0 1 Enabl ing [BOOL]
Bay 1 Feeder 1.Disconnector 1.Discannector.Pasition.closed [800L] xz
&
'ﬂlﬂ'ﬂg
AND10
AND
Bay 1 Feeder 1.Circuit breaker 1.Circuit break.Pasition.clased [800L] ——————X1 2 Bay 1 Feeder 1.Circuit breaker 1.Interlocking>Enable opening (BOOL]
1—x2
A
andlo.4
AND10
AND
Bay 1 Feeder 1.Circuit bresker 1.Circuit break Position.open [800L] ——————X1 Y- Bay 1 Feeder 1.Circuit breaker 1.Interlocking:>Enable clasing [B0OL]
1—x2
A

Fig 2. Interlocks for Close/Open CB and Disc.
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Open and Close command for CB

This CFC defines the closing and opening of the C.B. only by manual command and not those executed by protection
functions. It applies when the CPC publishes via GOOSE those commands to the Bay Unit.

and10_1 build_act_1
AND10 BUILD_ACT
AND BUILD_ACT
Bay 1 Feeder 1 Circuit breaker 1.Ttip logic Tripindication general [BOOL] — X1 ¥ PHSA OUT— Bay1Feeder 1.Circuit breaker 1.Control.CmdOpenOnly [SACT]
Bay 1 Feeder 1.Circuit breaker 1.Circuit break. Tripiopencmd. [BOOL] X2 4EPHSB
& PHSC
—GND
—GO0D
—BAD
build_act 2
BUILD_ACT
BUILD_ACT
Bay 1Feeder 1.Circuitbreaker 1.Circuitbreak Close command [BO0L] ——— PHSA OUT——— Bay 1Feeder 1 Circuit breaker 1.Control.CmdCloseOnly [SACT]
Bay 1 Feeder 1.Circuit bregker 1.Circuit break..Close command [BOOL] ——— PHSB
Bay 1 Feeder 1.Circuitbreaker 1.Circuitbreak..Close command [BOOL] —— F PHSC
—GND
—GOOoD
—BAD

Fig. 3. CFC for CB openl/close command.

Ctrl Authority per bay

From FW 09.60, each bay has its own control authority functionality, this CFC shows an example of how to make this
change using a user-signal command, the signals to change the Ctrl Auth per bay are Bay_Name.General>Sw.authority
remote [BOOL] and Bay_Name.General>Sw.authority local [BOOL].

Additionally, it considers the General switching position of the device. The user can define their own logic for Ctrl Authority
commands.

=1 comrem swanem

p— - - p——
ANDID Ton 5 BUILD_DPS
AND " -

83y 1 Feedar 1 Gansralosw, suthoriy remete (5001
{ euin_BFs

ouT-

¥ 0 mi—F [ =
" x2 -
u 4 £ay 1 Feedsr 1. user-def. F8 By 1.SWikh_ Al
L e #icom o WAL —
& oro E - = -'ngn
o8 Ton 5
GeneraLswitching autherity.remete [200L] x ¥ » i s ou A 23y Fesder i Genaralaaw, authariy lecs! (2004
X2 s mi—fT e R
General Siitching stthority locs! [EDOL] J

Fig 4. Ctrl Authority commands per bay.
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Interlocking OFF/Normal per bay

Similar CFC as the shown previously but now controlling the signals Bay_Name.General>Sw.mode interlocked [BOOL]
and Bay_Name.General> Sw.mode non-interl [BOOL]

‘General switching made non-interiscked (0011 82y 1 Fazder 1. Generzl>Sw. mods noninterl (0011

21 ComRem,
consnen s ron
soitsnatiy - e on b e 2
SPLIT_SPS Ang N et : . BUILD_DPS
SPuT 3PS % ¥ 20 m_#T g [ = LD DFE
asy 1 Fesder 1 Gensral Command imsriock @1 1ss] —— W VAL

VALD—

xz auT.
& 5 _r|
a— ConaLoc1 21 Com Lo¢_1 SwALscT ). 00
A orio W on o o Z ey Peadar . Usredel PE2ay ik tay (0751
on Ton IR
1 Y W e ouT
%2 50 ms—T - L =
& 82y 1 Fezder1,General 55w, mode intefiocked [B00L]
GenersLsiitching mods.interiocesd [001)

Fig 5. Interlocking OFF/Normal commands per bay

Please refer to the document SIP5_7SX82_85_V09.60_Manual_C607-A_enz, Chapter 14. Control Functions
- Control Functionality for a better understanding of this bay functionality.

The user could then group the CFCs by bay as shown in the figure below:

~ |5 Typical_1
—
[g Device information
[Z Hardware and protocols
P# Measuring-points routing
«J Function-group connections
3 Information routing

“§ Settings

'taj Charts
3| CFC crossreference list
B¢ Add new chart

4

¥ _FT:'-:-lanIE

—f1 Display pages
—@ Safety and security
T IEC 61850 structure
b 4 Testsequences
b HProcess data
+ [ Charts -Trendidynamic display & force table

Fig. 6. CFC grouped per bay.



1.2.3. Displays per bay.

Additionally, each bay has two displays, one for control and the other for bay measurements.

Feeder 1 9/18 Feeder 1 Measurement 10/18

VphA BEREHERE . AR TR
Vph:B TEREHRE | TEHERE R

Disc VPhiC  BERE BERRE
g Aut Iph:A AR BRI
ic L Iph:B RERE BB BY
R Iph:C RERE RRBBY
Iphires BRI HERRR
Normal
P tot RIS RRRBE
Q tot RERE RRBBY
S tot RERE RRBBY

Fig. 7. Bay displays.

The Control Display additionally has the option of local commands so that the user can switch only for one bay if the
controls are local or remote, additionally for the Interlocks if they will be Normal or off.
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1.3 Capabilities for a 7SX85 as a small CPC.

1.3.1 Distributed CPC Light.

This section will show different typical substations in a distributed CPC configuration, including the bay units/Merging units
located close to the primary equipment. The user can define the amount of Binay I/O per bay unit.

The components for a distributed CPCinclude:

Universal SIPROTEC device 7SX85 with communication module ETH-BD-2FO for process bus and ETH-BX-XXX for

Feeder

1

Station Bus.

Bay Units (Merging Units), interface between the instrument transformers, primary equipment and 7SX85.
Additional components like switches, clocks according to IEEE 1588, IEC 61850-9-3.

A proper redundancy according to the solution (Line mode, PRP, HSR).

In general, compliance with standards such as IEC61850, IEC61869 and technical recommendations for digital

substations.

Typical 1. Only feeders with Tie.

Feeder2

Incomer 1

Feeder3

Feederd

%

1

1

Tie

Feeder5

Feeder 6

Incomer 2

)1 ) ) T

I

Z

I

1

%

LANB

PROCESSBUS

Fig. 8. Distributed CPC Light Typical Nr. 1.

For this typical, the following summary table applies:

75X85 - CPC Ligth

Bays
Qty

MP
3lph

MP
3Vph

Typical Bay Protection functions included

Feeder | Feeder Line Line >0

with wlo Tie | Type | Type [ Trf 87T | 87L | 21 85218& | 671 N 29l 25 79 50BF
. . 85 67N 67N 51 27

lineVT | line VT 1 2

(N)

9

9

8

6

2

1

Total

1672 |

Table 1. Summary table for Typical 1.

NOTE (*):

The Total function points are given by the number of protection functions, but additionally by the number of controllable

disconnectors, Circuit breakers, process bus client functionality and 1588 Master Clock property, among others.

The resource consumption due to CFCis given in the following figure.



Function-chart (CFC) statistics

Ticks for task High pricrity Event-Triggered

o 3000

0
Ticks for task Event-Triggered
o 8246

3365

Ticks for task Low pricrity Event-Triggered and Low priority Cyclic-Triggered
o} 65404

Fig. 9. Resource consumption per CFClogics.

- Typical 2. Lines (with distance protection) and Feeders.

Feeder 1 Feeder2 Line 1 Feeder 3 Tie Feederd Feeder5

Line 2

I I 1 1 1 1 I 1
1 7
7 7
LAN A
i SWITCH
LAN B PROCESS BUS A NITCH B
MC
75X85 - CPC Ligth
Fig. 10. Distributed CPC Light Typical Nr. 2.
For this typical, the following summary table applies:
Typical Bay Protection functions included |
Bays | MP MP . . 50 Total
Feeder | Feeder Line Line
t 3lph 3Vph F.P.*
Q| 3w PP with | wio Tie | Type | Type | Tef | 87T | e7L [ 20 | 8221 & 671 ) M) 1591 o5 | g9 | sopF
) ) 8567N | 67N | 51 27
lineVT | lineVT 1 2
(N)
8 8 7 3 2 1 2 0 0 0 0 2 2 7 8 8 6 7 8 2216 |

Table 2. Summary table for Typical 2.
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The resource consumption due to CFCis given in the following figure.

Function-chart (CFC) statistics

Ticks for task High priority Event-Triggered

o 3000
o
Ticks for task Event-Triggered
o 6388
| r— 1987

Ticks for task Low priority Event-Triggered and Low priority Cyclic-Triggered

o 49685
] 1220

Fig. 11. Resource consumption per CFC logics.

Typical 3. Two Lines (with differential and distance protection) and Feeders.

Feeder4 Line 2 Feeder5

Feeder 2 Feeder1 Line 1 Feeder3

N¢
Ray
N¢
Ray

NS
NS

—
SWITCH A
SWITCH B

PROCESS BUS+ GOOSE

PIL1 PL2
Fig. 12. Distributed CPC Light Typical Nr. 3.
For this typical, the following summary table applies:
Typical Bay Protection functions included |
Bays MP MP . . 50 Total
Feeder | Feeder Line Line
t 3lph 3Vph F.P.*
Q| 3w PP with wio | Tie | Type | Type | it | e7T [ 87 | 20 [ 8221& | &7 f N SOT o5 ) g9 | 5opr
. . 8567N | 67N 51 27
lineVT | line VT 1 2
(N)
7 7 6 3 2 0 0 2 0 0 2 2 2 7 7 7 5 7 7 2732 |
Table 3. Summary table for Typical 3.
Edition 1
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The resource consumption due to CFCis given in the following figure.
Function-chart (CFC) statistics

Ticks for task High priority Event-Triggered

0 3000
1]
Ticks for task Event-Triggered
"] 3941
f———— 1645

Ticks for task Low priority Event-Triggered and Low priority Cyclic-Trigge red
4] 27341
] 1171

Fig. 13. Resource consumption due to CFC logics.

Note that for the dual functionality of 87L in a device, it is necessary to add the functional group Prot. com. (type 1), as is
shown in the manual SIP5_7SA-SD-SL-VK-87_V09.60_Manual_C011-M, Chapter 3.6.6 Advanced protection

communication. Also, it is necessary that communication module USART-XX-XXX must be configured with the Adv. Prot.
Intrf option.

> ETyplcal_B %
:_'ﬂ Device information
? Hardware and protocols
f-? Measuring-points routing
« Functiongroup connections
# Information routing
? Communication mapping
¥ @ Setngs
Q Device settings
(?PTI!T!E settings
4 TT Power system
» +# Recording
» & Bay 1 Feeder 1
» &F Bay2 Feeder2
» §F Bay3inc
» &F Bay4 Feeder3
» WF Bay5 Feeder4
» &F Bay6inc2

S S ke [ General |
» @ Frot com ftype 1) 1 I Detsils i o
—p— - Pratoeals Communication
» i Dizplay pages
» —@ Safetyand secunty ¥ Settings Frotocols Mapping Settings
_=_E CCETED b Adv.Protinti. settings Adv_Protint. |:| |E| Settings
b g Testsequences
» —H Process data
3 ;G, Charts - Trend/dyna mic display & force table

Fig. 14. Necessary settings for double 87L functionality in one device.
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- Typical 4. Lines (with differential and distance protection) and Feeder.

Line 1 Line 2 Line 3 Feeder 1

1 I

L L

——M—=SWITCH A
SWITCH B

PROCESS BUS + GOOSE

75X85 — CPC Ligth

PIL1 PL2PL3

Fig. 15. Distributed CPC Light Typical Nr. 4.

For this typical, the following summary table applies:

Typical Bay Protection functions included |
MP MP . . 50 Total
Bays | 310h | 3voh Feeder | Feeder Line Line Fpx
ay | - PP with wio | Tie | Type | Type | Trf | 877 | 87L | 21 8855 2617’5‘ 6677’(‘ (5N1) 33’ 25 | 79 | sosF
lineVT | line VT 1 2
(N)
4 4 5 1 0 0 0 3 0 0 3 3 3 4 4 4 4 4 4 2654 |

Table 4. Summary table for Typical 4.

As this typical include 3 x line differential protection schemes, note that it would not be possible to add an exclusive port
for the station bus, if the application does not require communication redundancy the user can use the J port, or use the
process bus port also for station bus (please follow the recommendations for this cases).
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The following figure shows in a red box highlighted the ports used for 87L functionality.

Fig 16. Comm Ports used for 87L protection function.

The resource consumption due to CFC s given in the following figure.

Function-chart (CFC) statistics

Ticks for task High priority Event-Triggered

o 3000

— 1359
Ticks for task Event-Triggered

o 2737

] 134

Ticks for task Low priority Event-Triggered and Low pricrity Cyclic-Triggered

o 20676
o

Fig. 17. Resource consumption due to CFC logics.
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- Typical 5. Transformer, Line and Feeders

Transf HV Line 1 Feeder 1 Feeder2 Feeder3 Feeder4

L

1

PROCESSBUS + GOO SE

Transf LV

Fig. 18. Distributed CPC Light Typical Nr. 5.

For this typical, the following summary table applies:

Typical Bay Protection functions included |
Bays | MP MP . . 50 Total

Feeder | Feeder Line Line

t 3lph 3Vph F.p.*

Q| 3w PP with | wio Tie | Type | Type | T | 87T | e7L [ 20 | 8221 & 671 L) ]SO f o5 | g9 | s0F

. . 8567N | 67N 51 27

lineVT | line VT 1 2

N)

7 7 7 4 0 0 0 1 1 1 1 1 1 3 7 7 7 5 7 1992 |

Table 5. Summary table for Typical 5.

The Transformer functionality, including the FG Transformer diff. 1, Transformer side 1 and Transformer side 2, are
associated with two bays, as is indicated in the following figure.
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Il:onnect function group to circuit-breaker groups

» Bay 1 Transf HV » Bay 2 Transf LV

Protection group Circuit breaker 1 | Circuit breaker 1
(ally [=] cany [=] amy (ally
I &g Transformer diff. 1 | X X
&g Transformer side 1 X
§| Transformer side 2 X
» &F Bay 1 TransfHV X

» §F Bay2 TransfLV
b %F Bay3 Line 1

» &F Bay4 Feeder 1
» §F Bay5 Feeder2

Fig 19. Bays connected to FG transformer.

» Bay 3 Line 1

Circuit breaker 1

The resource consumption due to CFC s given in the following figure.

Function-chart (CFC) statistics

Ticks for task High priority Event-Triggered

1] 3000
1]
Ticks for task Event-Triggered
1] 6668
[F—] 1743

Ticks for task Low priority Event-Triggered and Low priority Cyclic-Triggered

1] 52863
] 1079

Fig. 20. Resource consumption due to CFC logics.

- Typical 6. Transformers and Feeders

Transfl HV Transf2 HV

Feeder1

» Bay 4 Feeder 1

| Gircuit breaker 1

[=] amy

Feeder2

» Bay 5 Feeder 2
| Circuit breaker 1

[=] amy

Feeder3

(=]

N

I I

Vr
7

Transf1LV Transf2 LV

LANA

3

P

,

r

L

,

LAN B

WITCH A

Fig. 21. Distributed CPC Light Typical Nr.6.
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For this typical, the following summary table applies:

Typical Bay Protection functions included
?;;’S ’;/:FP)h ’;A\fph Feeder | Feeder Line Line 85 21 67/ ?’\?) 59/
with wlo Tie | Type | Type [ Trf 87T | 87L | 21 & 85 67N 51 57 25 79 50BF
lineVT | line VT 1 2 67N
N)
7 7 8 3 0 0 0 0 2 2 0 0 0 3 7 7 7 3 7

Total
F.P.*

1392 |

Table 6. Summary table for Typical 6.

Each Transformer Bay includes 2 Bays as was shown in Fig. 17.

The resource consumption due to CFCis given in the following figure.

Function-chart (CFC) statistics

Ticks for task High priority Event-Triggered

o

3000

Ticks for task Event-Triggered

o

[ —

Ticks for task Low priarity Event-Triggered and Low priority Cyclic-Triggered

o
("]

8670

71523

o

1743

1079

Fig. 22. Resource consumption due to CFC logics.



1.3.2 Centralized CPC Light

This section covers typical configurations for the 7SX85 relay as CPC Light in a centralized architecture. For this type of
simulation, a maximum of 10 Binary Inputs and 7 binary outputs per bay was considered.

For more binary inputs or outputs the user might consider what is shown in the SIP5-APN-040_SIPROTEC7SS85-extension-
with-6MD8x Application.

The first step is the configuration of the device with its analog and binary signals, to obtain an optimization of the hardware
the user can custom the SIRPOTEC 5 device using the assistant of the SIPROTEC 5 Configurator, as shown in the following
figure.

SIPROTEC 5 CONFIGURATOR

(] V]
1 2 (3]

Field of Application Device type Recommended
variants
Please select a standard variant
* K Configuration assistant
%

/

Fig. 23. Configuration assistant.

for example, if the Light CPC has 5 Bays, each with 10 BI, 7 BO, 4 x VT and 4 x CT. The total sum of the required hardware
is typed into the configuration assistant:

@ * * Configuration assistant

/ put . Binary Outputs 35.

" 3

Fig 24. Configuration assistant step 2.

The configurator shows an optimized hardware configuration.
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Please define the details of your device

. Modules

Sum of 10s and transformers
® Binary inputs:

@ Binary outputs:

© Current transformers:

Q

Voltage transformers:

E Hardware manual (SIOS)

SEWEIE | SIEMEIS

P5203 0208

Fig 25. Optimized configuration example.

10202 10202 10202 10207

20 for protection

20 standard

51
51 Relays (17 Standard, 34 Fast, 0 High-Speed, O Power)

Review the results and if it fulfills the requirements the user can continue to the next steps of configure the 7SX85

Universal relay.

The following table shows the capabilities of the7SX85 as a centralized CPC, considering the same typical used in 1.3.1.

Typical Bay
. MP MP Total Total Total

Typical Bays Qty 3iph 3Vph Feeder Line Line Bl FBO stdgo | TotalF-P.*

with line Type 1 Type 2 Trf

VT yp yp
1 9 9 9 9 0 0 0 91 62 5 1934
2 8 8 8 6 2 0 0 83 56 5 2478
3 6 6 6 4 0 2 0 67 44 5 2526
4 4 4 4 1 0 3 0 51 32 5 2754
5 7 7 7 4 0 1 1 75 50 5 2092
6 7 7 7 3 0 0 2 75 50 5 1612

Table 7. Overview of Quantities and Bay Types for Decentralized CPC
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1.4 Conclusion

This application provides user support on the capabilities of 7SX85 universal relays with CPC functionality, the user can take
these typical examples and use them as a reference for their final solution.

Using the 7SX85 as a CPC allows end users to eliminate the dependency of different device types per bay, due to the use of
a single reference of Merging Units and one universal 7SX85 device with enough functional points as required in the
solution. This will additionally allow a simplification in the Substation Asset management.

For simplified engineering of the bay units of your CPC solution, please review the contents of the APN-100 Typical-Based
Engineering.
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