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1 Combination of SIPROTEC 4 and SIPROTEC 5 Devices
in the same topology

1.1 Introduction

Existing SIPROTEC 4 installations with Protection Interface (PI), for example line differential topologies with
75D52 or 7SD6 devices, may be extended or retrofitted with SIPROTEC 5 devices. For this purpose, the
Protection Interface (PI) in the SIPROTEC 5 devices has a “Compatibility Mode” that is compatible with
SIPROTEC 4. The SIPROTEC 5 manuals have a chapter dedicated to this topic “Cooperation with SIPROTEC 4
Devices” as referenced to below. In this application note typical applications and the necessary steps to
implement them are presented.

1.2 SIPROTEC 5 Device Manual

The dedicated chapter in the manual “Cooperation with SIPROTEC 4 Devices” should be used as the first
reference for information. It contains all the information required:

4 [ 3 System Functions

3.1 Indications

3.2 Measured-Value Acquisition

3.3 Sampling-Frequency Tracking and Frequency Tracking Groups

W' 3.4 Processing Quality Attributes

W 3.5 Fault Recording

3.6 Protection Communication

4| [ 3.7 Cooperation with SIPROTEC 4 Devices

W 3.7.1 General Information

W 3.7.2 Communication Modules for the Protection Interface

W 3.7.3 Protection Communication

W' 3.7.4 Line Differential Protection

W 3.7.5 Remote Commands and Remote Indications

“ 3.7.6 Signaling Procedure

W' 3.7.7 Broken-Wire Detection

W 3.7.8 Notes on Replacing a SIPROTEC 4 Device with a SIPROTEC 5 Device
W' 3.7.9 Checklist for the Parameters of the SIPROTEC 5 Device

W 3.7.10 Checklist for Replacing All SIPROTEC 4 Devices with SIPROTEC 5 Devices

Figure 1: Chapter in SIPROTEC 5 Manual

This application note is only a supplement to the information in the manual.

1.3 Replacing one end of a (SIP4) 2-Terminal Line Differential topology
with a new SIP5 device

This example is illustrated in the diagram below. It is an application with only 3 pole tripping and no distance
protection capabilities. A 7SD86 will be used to replace the existing 7SD52 at the A side of the topology.

Edition 1 3 APN-083
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A B

Existing Protection Interface

Figure 1: Existing Topology with Siprotec 4

1.3.1 Communication (Protection Interface)

The existing communication must be checked to determine if the 7SD86 can be integrated directly.

In the following 3 cases the new 7SD86 can be applied without any change to the communication link:

Direct connection for distances up to 2.5 km

Distances of more than 100 km
Repeater on both sides needed (scalable)

~ All Medias between communication converters 7XV5662,
i e.g. Pilot wire, G703, X21 T LLI

Figure 2: Communication variants that can remain unchanged after adding the SIPROTEC 5 device

In the Protection Interface variations shown in Figure 3 above, the SIPROTEC 4 relay can be directly replaced

with the SIPROTEC 5 device without the need for additional convertorsirepeaters.

3 examples from Figure 3 Com. Module SIP5 Com. Module Comment
Direct Optical Fiber < 2.5 km FO5 ADTFO | AE2FO Multimode Fiber
Optical Fiber, external repeater FO5 ADTFO | AE2FO Multimode Fiber

SIP5 - repeater

Other with external converter FO5 AD1FO | AE2FO Multimode Fiber
SIP5 - converter

The communication configuration shown in the diagram below, with direct long-distance fiber optic links,

require small modifications to the communication link:

APN-083 4
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| USART-AD1FO

ADD Distances up to 100 km
One repeater on SIPROTEC 5 side needed

/

USART-AE2FO

Figure 3: Replacement method for long distance direct fiber links (before and after)

Examples from Figure 4 SIP4 Com. Module SIP5 Com. Module  |Comment

100 km

Direct Optical Fiber up to FO17 /FO18 /FO19 | ADTFO/AE2FO The new SIP5 relay is

add 7XV5461 connected via repeater

It is not possible to use the long-distance fiber optic modules of SIPROTEC 5 in the above configuration. The
solution is to apply the optical repeater 7XV5461 as interface between the new SIP5 relay and the existing

long distance (single

mode) fiber.

The following must be observed in the 7SD52 relays:

SIPROTEC 4 Applied Description
Device 75D522
FW V4.74 At least V4.74

Distance protection

no Only Line Differential

Prot. Interf. 1

e.g.FO17 | This example with 24km module

Prot. Interf. 2 none Only one channel used
Sett. Prot. Interf. 1 (Port D) Enabled Both must be enabled for ring
Sett. Number of relays 2 relays The topology settings are not changed

The detailed settings

for the application are described later.

The following must be observed in the 7SD86 relays:

SIPROTEC 5 Applied Description

Device 75D86 2 terminal capability, no 21
FW V8.30 At least V07.90

87L Function Yes Line Differential applied
USART Module USART-AD-1FO Single channel for PI
Channel 1 Mapping 2 Device prot. Com. For 2 device topologies
Channel 1 Connection mode: SIPROTEC 4 7SD5 For compatibility with 7SD52

The detailed settings

for the application are described later.
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1.3.2  Topology Settings

The manual specifies the settings that must be applied. The table below (from manual) shows the Settings in
the 7SD52 that must be applied correspondingly in the new 7SD86 that will replace it.

SIPROTEC 5 Parameters

SIPROTEC 4 Parameters

(:5131:102) Address of device 1

(4701) ID OF RELAY 1

( :5131:103) Address of device 2

(4702) ID OF RELAY 2

(:5131:101) Local device is device (4710) LOCAL RELAY

( +102:1031:0:105) Connection wia (4502) CONNEC. 1 OVER
( +102:1032:0:105) Connection wia (4602) CONNEC. 2 OVER
(_:5161:1) Mode in the settings of the protection | (4501) STATE PROT I 1
interface 1

(_:5162:1) Mode in the settings of the protection | (4601) STATE PROT I 2
interface 2

( :5161:110) Difference Tx and Rx time (4506A) PROT 1 UNSYM.
( :5162:110) Difference Tx and Rx time (4606A) PROT 2 UNSYM.

The SIPROTEC 5 parameter (_:5131:122) Lowest appearing bit rate does notexistin the SIPROTEC
4 device. The setting value of the parameter 1s not relevant for the cooperation with SIPROTEC 4 devices.

Figure 4: Extract from manual listing communication settings that must be conform

This is done in the new 75D86 as follows:

|

Settings:
No. Seftings Value
4701 | identification number of relay 1 101
4702 | identification number of relay 2 102
4710 | Local relay is relay 2|
Figure 5: SIPROTEC 4 device address settings (102 is the 7SD52)
The corresponding old settings in the 7SD52 were as follows:
Device combin. settings
31.5131.102 Address ofdevice 1: | 101 =
31.5131.103 Address ofdevice 2: [102 =
31.5131.10 Local device is device: |2 EI
31.5131.122 Lowest appearing bit rate: |512kBit|'5 |v|
31.5131.126 Connection mode: | SIPROTEC 4 75D5

Figure 6: SIPROTEC 5 device address settings (101 is the 7SD86)

Note the “connection mode” setting in SIPROTEC 5 must be for compatibility with the 7SD5!

In this case a direct fiber optic connection is used (the optical repeater does not have to be considered in the

settings).

The diagram below shows the mapping of the settings from the old 7SD52 relay to the new 7SD86.

APN-083
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Functional Scope

Available functions:

Ne. Function Scope

SIPROTEC 4

x

0103 | Setting Group Change Option Disabled

0112 | Differential Enabled

0122 | DTT Direct Transfer Trip Enabled

0124 HighSpeed/SOTF O Disabled

0126 | B

Time Overcurrent Curve EC

0133 Disabled

0134

with Trip but without Action time

0136 Disabled

0137 Disabled

0138 | Fault Locator Disabled

0140 | Trip Circuit Supervision Disabled

0142 | Thermal Overioad Protection Disabled

0144

Voltage

0145 | Protection Interface 1 (Port D) Enabled

e

0147 | Number of relays 2 relays

0160 | Line sections for fault locator 1 Line Section

Protection Interface (Port D+E) - Setting Group A
General ]Interfauﬂ |

Settings:

X

No. Settings

Value

alarm

4509

0,10 sec

Time delay for data

4510 | Time del for ion failure alarm

6,0 sec

4512 | Remote signal RESET DELAY for comm. fail
General hteﬂace‘\l

Settings:

0,00 sec

No. Settings

Value

4501 | State of ion interface 1

ON

4502 ion 1 over

Direct connection with fibre optic cable|

450SA | Prot 1: Maximal time.

30,0 ms

Y
4506A | Prot 1: Diff. in send and receive time

» SIPROTEC 5

Protocols Mapping

Protection interface m 2 device prot. com.

5]

Protinterface settings

102.1031.0.105 Connection via:

pral

Prot.interf.1

fiber optic

Max error rate per hour:
Max. error rate per min:

Dfturbance alarm after:

31.5161.107

Transm. fail. alarm after:

31.5161.108
Delay time threshold:

0,100

4513A | Prot 1: Maximal rate

10%

4515A | Prot.1: Block. due to unsym. delay time

YES|

No Settings

Value

4701 | identification number of relay 1

101

4702 | Identification number of relay 2

102

4710 | Local relay is

- Difference Txand Retime:
31.5161.113 PPS synchronization:

Device combin. settings

31.5131.102 Address of device 1:

315131 Address of device 2:

Local device is device.

31 5
/;ua/tmstapmmg bitrate:
I'EIBYZ 31.5131.126 Connection mode:

Il

3
B

il

3
B

PPS sync. off

512 kBitls

Jil

SIPROTEC 4 7505

Figure 7: Mapping of Protection Interface settings from 7SD52 SIPROTEC 4 to new 7SD86 SIPROTEC 5

As shown in Figure 8 above the settings from the replaced 7SD52 can be applied to the corresponding
settings in the 7SD86. Note the following:

1. The MLFB of the 7SD52 did not include GPS synchronization, no settings are shown. In SIP5 leave the PPS

sync off setting.
2.

Block due to unsymmetrical time delay is always on in SIPROTEC 5.

1.4 Differential Protection Configuration

The method of calculating the settings (charging current calculation etc.) is not covered here. The existing
settings will be transferred to the new 7SD86 relay as follows:

1.4.1 CT Parameters
In the 7SD52 the following settings are applied to take the CT errors into consideration:
Power System Data 1 X
Transformers | Power System | Breaker CT Data
Settings:
No. Settings Value
0251 | k_alffk_alf nominal 1,00
0253 | CT Error in % at k_alffk_alf nominal 50%
0254 | CT Error in % at k_alf nominal 15,0 %
Edition 1 7 APN-083
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Based on the SIPROTEC 4 manual, this would be the settings for a CT with class 10P or ANSI class. When using
the line differential in the mixed configuration these settings must be modified as stated in the manual:

Trans- Parameter
former
Class
SIPROTEC 4 SIPROTEC 5 SIPROTEC 4 SIPROTEC 5
(253) E% ALF/ (_:8881:108) CT (254) E% K_ALF N (_:8881:109) cT
ALF_N error A error B
5P 3.0% 12 %
10P 5.0 % 21 % |
TPX 1.0 % 21 %
TPY 3.0% 21 %
TPZ 6.0 % 28 %
PX 3.0% 12 %
C100 to 5.0 % 21 %
800

Figure 8: Table from SIP5 manual showing recommended settings for mixed operation SIP4 / SIP5

The new setting applied in the 7SD86 is therefore in accordance with table above:

CT phases

11.931.8881.101 Rated primary current: | 1000.0 | A
11.931.8881.102 Rated secondary current: | 1A |v|
11.931.8881.117 Currentrange: | 100 xIR [+]
11.931.8881.118 Internal CTtype: | CT protection [+]
11.931.8881.116 Neutr.point in dir.of ref.obj: |)'es |v|
11.931.8881.114 Inverted phases: |r10ne |v|
11.931.8881.107 error changeover: | 1.00

11.931.8881.108 CTerrorA: [5.0 | =
11.931.8881.109 CTerrorB: [21.0 | =

Figure 9: Modified CT error settings in 7SD86

This modification of the CT errors should be done at all devices in the mixed topology.

1.4.2  Differential Current Supervision
When combined with SIPROTEC 4, this function in the 7SD86 can only be used for reporting (or switched off):

General

21.821.2311.1 Mode: |on [~]
21.821.2311.102 Min. current for release: | 0.000 | A
21.821.2311.104 Supervision Idiff: |)'es:reporting only |v|

Figure 10: Settings of Differential Current supervision

It is recommended to use this function as reporting to indicate that the differential current has reached a
critical value during normal operation.

APN-083 8 Edition 1
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1.4.3 Intertrip
As stated in the manual the following settings for Intertrip must be taken over from the SIPROTEC 4 device:

Table 3-22 SIPROTEC 5/SIPROTEC 4 Corresponding Parameters

SIPROTEC S5 SIPROTEC 4

Parameters of the Remote trip stage in the Line Parameters of the Circuit-breaker intertrip and
differential protection function remote trip function

(_:5551:100) Transmitting (1301) I-TRIP SEND

(_:5551:101) Receiving (1302) I-TRIF RECEIVE

Figure 11: Table from manual with settings relevant to intertrip

In this example, the 7SD52 settings were as follows:

ntertrip - Setting Group A e
Settings:
No. Settings Value
1301 | State of transmit. the intertrip command YES
1302 | Reaction if intertrip command is receiv. Trip|
1303 | Delay for intertrip via binary input 0,02 sec
1304 | Prolongation for intertrip via bin.input 0,00 sec

Figure 12: Intertrip settings in 7SD52

These must be taken over in the 7SD86 as follows:

Remote trip.
General
21.821.5551.100 Transmitting: | yes [+]
21.821.5551.101 Receiving: |yes [+]
Intertrip
21.821.5551.103 send delay: |0.02 | s
21.821.5551.104 send prolengation: | 0.00 | s

Figure 13: Remote trip parametersin7SD86 taken over from 7SD52

1.4.4 Rated Current Setting

For the differential protection this setting is very important and must be checked to ensure it is set correctly in
all devices. The following was set in the 7SD52:

Power System Data 2 - Setting Group A X

Local Line End | Line Status | Trip 1-/3pole |

Settings:
No. Settings Value
1103 | Measurement: Full Scale Voltage (100%) 400,0 kV
1104 | Measurement: Full Scale Current (100%) 1000 A

Edition 1 9 APN-083
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Figure 14. Set values of Full-Scale Current in 7SD52
This setting must be applied in the 7SD86 as follows (under FG Line\General):

General

Rated values

21.9001.101 Rated current: | 1000 | A
21.9001.102 Rated voltage: |400.00 | kv
21.9001.103 Rated apparent power: |692.8 | nva

Figure 15: Setting of Rated Current in 7SD86

When there is a transformer the settings value of the rated apparent power is set instead of the current.

1.4.5 Differential Protection Stage: I-DIFF

This stage corresponds to the “I-DIFF>" stage in the 7SD52. The setting in primary must be the same in the
75D86:

General  Diff Protection ] Inrush ]

Settings:
| Np Settings Wale
1210 | FDIFF=: Pickup value 300 A
1213 | HIFF=: Value under switch on condition 300 A
1217A | FDIFF=: Trip time delay 0,00 sec
Min. lecal current to release DIFF-Trip 0A

: 1200 A
| 1235 | HDIFF==: Value under switch on cond. 1200 A

Figure 16: I-DIFF> settings in 7SD52 (primary values)

The parameter “1219A Min. local current to release DIFF-Trip” is applied under General in the 7SD86. Before
applying the settings on the 7SD86, the setting mode is changed to primary. In this manner conversion
calculations based on CT ratio are not required (in case the CT ratio is changed).

I-DIFF
21.821.3451.1 Mode: |on [+]
21.821.34512 Operate & fitrec. blocked: |r10 |v|
21.821.3451.27 Blk. w. inrush curr. detect.: |r10 |v|
21.821.34513 Threshold: | 300 | A
21.821.3451.101 Thresh. switch onto fault: | 300 | A
21.821.34516 Operate delay: |0.00 | s

Figure 17: I-Diff stage, corresponding settings in SIPROTEC 5
The other typical settings (Mode etc.) applicable to SIPROTEC 5 relays are applied in the normal manner.

1.4.6 Differential Protection Stage: I-DIFF fast

Here it is important to not apply the “I-DIFF fast 2" stage. If such a stage is shown in the DIGSI settings, it must
be deleted and replaced by the “normal” I-DIFF fast stage. The 7SD52 settings are shown above in Figure 17
(primary values). These must be applied to the 7SD86 as follows:

APN-083 10 Edition 1
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I-DIFF fast

21.821.3481.1
21.821.3481.2
21.821.3481.3

21.821.3481.101

Operate & fit.re

Thresh. switch

Mode: ||:|r1

c. blocked: | no

Threshaold: |12DIII

onto fault: | 1200

Figure 18: I-DIFF fast stage, corresponding settings in SIPROTEC 5

1.5 Remote Signals via Protection Interface

If the 7SD52 has the MLFB option “Remote Signals”, and these are used, then the corresponding configuration
must be done in the new 7SD86.

In this example the following two signals are sent by the 7SD86 (triggered via binary input):

Infarmation Source
Murnber Dizplay text L Type Bl F
1/2(3|4|6|B6|7(8
Device *
P.Syztem Data 1
Oz Fault Rec.
P.Sustem Data 2 * *
Dviff. Prak
Inkertrip
Fremate Signal 03541 »Remote CHD 1 SR H
MEe =Enals|Mnseag »Rem. Signal 1 5F H

Figure 19: Remote command and remote signal sent by 7SD52

In SIPROTEC 5 there are corresponding configurations. The mapping is described in the manual (extract

shown here):

SIPROTEC S5 SIPROTEC 4
Bit Priority
1to4 PRIO 1 Remote commands 1 to 4
5 PRIO 1 InterOn signal
6 PRIO 1 Manual Close of the 75D5x/7SD610
1to 24 PRIO 2 Remote indications 1 to 24

Figure 20: Table from manual with mapping of SIPROTEC 4 remote signals

Based on this table the mapping of transmitted signals in Figure 20 are applied in the 7SD86 as follows:

E ] \;\ | All entries |v| Y Show protocaol |}‘-.II protocols | v|
Information Faultrecords  » E:USART-AD-1FQ:Ch1:2 device prot. com.
» Receive » Transmit
Signals Number Type [Signal R Priority level Bit position Fallback value T Priority level Bit position
(All) [=] camy [+] . [=]]amy [=] .[=] am [=] tamy [=] camy [=] .[+] [=] camy [+]
~ G Binaryinputs 91.1051 *

» & Binaryinput 1.1
& Binaryinput 1.2
& Binaryinput 1.3
& Binary input 1.4
& Binary input 2.1
& Binary input 2.2
& Binary input 2.3

{vvv v

91.1051.3151
91.1051.3152
91.1051.3153
91.1051.2154
91.1051.2155
91.1051.3156
91.1051.3157

¢ value 91.1051.31.. SPS Binary input 7
¥ & Binaryinput 3.1 91.1051.3158
& value 91.1051.31.. SPS Binary input 8

» & Binaryinput 3.2

91.1051.315%2

- I
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Figure 21: Transmit signals via protection interface

In Figure 22 the binary inputs are directly routed. This is an option, but it is recommended to use user defined
signals for the routing — this allows better capturing of the events in the corresponding logs.

The following two received signals in the 7SD52 are routed to CFC for further processing.

Infarmation Destination
Mumber Display text L Type | 5 an e Buffer C| CM
ols |7
P.System Data 2 i i *
Diff. Prot " " *
|ntertrip i i
03541 »Remote CHD 1 5P 0
03542 »Remote CMD 2 SR 10
03543 »Remote CWD 3 5P 0
013544 »Remote CHD 4 SR 10
13545 Remote CMDT rec auT 0
e Elococte ChADT oo 0T T
13547 Remaote CMD3 rec adT 0 x,
(13549 »Rem. Signal 1 5P 0
(03550 »Rem.Signal 2 SR 10
[13RA] Hem Sinnal 3 1a I[]
13552 »Hem.Signal 4 SP 1n] = (1
£, o 1gnal o e 18]

Figure 22: Received signals in 7SD52

In SIPROTEC 5 it is not possible to route signals (no allocation) to CFC directly. A user defined signal must be applied; this
signal may then be applied in CFC charts.

Information Fault records  » E:USART-AD-1FQ:Ch1:2 device prot. c
» Receive
Signals Number Type |Signal R Priority level Bit position
(Al [=] Ay [=] [+ cam [=] .[=] tam) [=] tan) [=]
b g Security 1331
- &g Line 1 21 * *
~ @ General 21.9001 *
] ‘ Behavior 21.9001.52 ENS
] ‘ Health 21.9001.53 ENS
@4 UserRermn CMD 3 rec SPS X 1
#4 User Rem Sig 4 rec SPS X 2 4
b 2 Rated values

Figure 23 Received signals via protection interface

1.6 Conclusion

The steps above describe the topology dependent steps required for replacing the 7SD52 relay at one end of
the 2-terminal configuration. The detailed routing and protection settings are not described here. This can be
done on a function by function basis as the SIPROTEC 5 devices have function blocks at least equivalent to the
7SD52 functions.

More complex topologies are not described here. In most cases it will be very similar to what is described
here. Refer to the manual for more details. The appendix 1shows some communication configurations when
adding a 3™ terminal to the 2-terminal example from the above example.

APN-083 12 Edition 1
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1.7 Appendix 1: Extending 2-Terminal Line Diff topology (SIP4) with new
3rd End (SIP5)

This chapter will only show some communication configurations. The setting principles described above are
also applicable here. The same existing 2 ended topology, with 7SD52 relays, as shown in the Figure 1 above
is the starting point. In this case it will be extended to become a 3-Terminal topology by addition of a 7SD87
relay. The 7SD52 relays will maintain the same interface for the connection between them:

After the addition of the 3" terminal the ring topology will be as shown in Figure 2. The 7SD87 will be
connected to both 7SD52 to obtain a ring configuration.

A B

Existing
Protection
Interface

New I
Protection C

Interface

Figure 24: Topology after addition of 3™ terminal C

The structure of the Protection Interface Topology after the addition of the 3™ terminal will be as follows if
the distance is short (< 1.5 km) with multimode fibers:

Edition 1 13 APN-083
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101 102

Existing Protection Interface

New New
Protection Protection
Interface Interface
Direct FO Direct FO
max 1.5 km max 1.5 km

103

Figure 25: Pl Topology after addition of 3 terminal (< 1.5 km)

The direct connection with long distance modules is not possible. For such applications external convertors
must be applied. Here is one such example.

101 102
Existing Protection Interface
-—
FOup to
100km

(i e

All options depending |
on convertor -

103

Figure 26: Alternative communication method (> 1.5 km)

The SIPROTEC 4 side may use a long-distance module, but this must terminate on a repeater. The method
with one repeater (only at the 7SD86 side), or with 2 repeaters (one at each side) is possible. When using 2
repeaters/converters any type of communication is possible (e.g. pilot wire, comms network etc.)

APN-083 14 Edition 1
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