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Overview of the Documentation

SIPROTEC 4 Catalog: Accessories Catalog:

This catalog describes the features of the device series This catalog describes the accesories for protection, power

SIPROTEC 4. quality and substation automation devices.

Selection guide for SIPROTEC and Reyrolle: Reyrolle Catalogs:

The selection guide offers an overview of the device series of The Reyrolle catalogs describes the features such as scope of

the Siemens protection devices, and a device selection table. functions, hardware and application.

SIPROTEC Compact Catalog: Manuals:

The SIPROTEC Compact catalog describes the features of the The manuals describe, among others, the operation, installati-

SIPROTEC Compact series and presents the available devices on, the technical data, of the devices.

and their application possibilities.

SIPROTEC 5 Catalogs:

The catalog describes the features of the SIPROTEC 5 system
and device-specific features such as scope of functions, hard-
ware and application.
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SIPROTEC 4 devices series

Device application Distance Line
protection differential
protection
N8 = =@ x| 2
12 2 ¢ 218 3
ANSI Functions Abbr. N G O U U U
Protection functions for 3-pole tripping 3-pole
Protection functions for 1-pole tripping 1-pole
14 Locked rotor protection I>+ V< - - - - - -
21121N Distance protection 7<, V< I>1£(V,I) -
24 Overexcitation protection Vit - - - - - -
25 Synchrocheck, synchronizing function Sync -
27 Undervoltage protection V<
27TN/59TN  Stator ground fault 3/ harmonics VO<,> 3 parm.) - - - - - -
Undervoltage-controlled reactive power protection Q>IV< - -
32 Directional power supervision P<>, Q<>
37 Undercurrent, underpower I<, P< = =
38 Temperature supervision o> - -
40 Underexcitation protection 11Xy - - - - - -
46 Unbalanced-load protection 12> - - - - - -
46 Negative-sequence system overcurrent protection 12>, 12/11> - - - - - -
47 Phase-sequence-voltage supervision LA, LB, LC
47 Overvoltage protection, negative-sequence system V>2
48 Starting-time supervision [ - - - - - -
49 Thermal overload protection 0, 12t —
50/50N Definite time-overcurrent protection I>
SOFT Instantaneous tripping at switch onto fault
50Ns Sensitive ground-current protection Iys> -
Intermittent ground fault protection lie> = =
50EF End fault protection - - - - - -
50BF Circuit-breaker failure protection CBFP
51/51N Inverse time-overcurrent protection Ip, Inp
50L Load-jam protection I>, = = - - — —
51C Cold load pickup - - - — — _
51V Voltage dependent overcurrent protection t=f(1)+V< - -
55 Power factor CosQ 1 1) 1) 1) 1) 1)
59 Overvoltage protection V>
59N Overvoltage protection, zero-sequence system VO>
59R, 27R Rate-of-voltage-change protection dv/dt - - - - - -
60FL Fuse-Failure-Monitor
64 Sensitive ground-fault protection (machine) - - - - = =
66 Restart inhibit 12t - - - — - _
= basic = optional (additional price) — =notavailable
1) via CFC

More functions on page 1/4

You will find the whole function overview of the SIPROTEC devices at:

www.siemens.com/protection or in the current catalog: Selection Guide for SIPROTEC and Reyrolle
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Function overview
SIPROTEC 4 devices series

N8 = = < |2
g1 £ 2 £ 23 8
ANSI Functions Abbr. U U U U U &
67 Directional time-overcurrent protection, phase I>1p £ (V) " m m m | e -
67N Directional time-overcurrent protection for ground-faults I>: Iy £ (VD) [ ] [ ] o [ [ )
- nant or
67Ns isst-zor;:’lcgéengﬁ)tl;l:ld fault detection for systems with resonant o ::::L wh ° ° ° ° _ °
67Ns Directional intermittent ground fault protection lie dir> = = = = = =
68 Power-swing blocking AZIAt [ J [ [ J [ ] = [ ]
74TC Trip-circuit supervision TCS | | | | | |
78 Out-of-step protection AZIAt [ J ([ [ J ([ = ([
79 Automatic reclosing AR [ J [ [ J [ ] [ [ ]
81 Frequency protection f<, f> [ J [ [ J [ [ J ([
81R Rate-of-frequency-change protection dfldt = = = = = =
Vector-jump protection D> = = = = = =
85 Teleprotection | | | | | |
86 Lockout | | | | | |
87 Differential protection Al - - = = | |
87N Differential ground-fault protection Aly o ® (J ® L4 ®
Broken-wire detection for differential protection - - - - | |
FL Fault locator FL | | | | | |
Further Functions
Measured values | | | | | |
Switching-statistic counters | | | | | |
Logic editor | | | | | |
CFC switching sequences for control applications - - - - | |
Inrush-current detection | | | | | |
External trip initiation | | | | | |
High Speed busbar transfer function - - - - - =
Fault recording of analog and binary signals | | | | | |
Monitoring and supervision | | | | | |
Protection interface, serial [} [ [ J [ | |
No. Setting groups 4 4 4 4 4 4
Changeover of setting group | | | | | |
Circuit breaker test | | | | | |
B =basic ® =optional (additional price) — =not available
1) via CFC

You will find the whole function overview of the SIPROTEC devices at:

www.siemens.com/protection or in the current catalog: Selection Guide for SIPROTEC and Reyrolle
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Overview
SIPROTEC Device Series

Solutions for today’s and future power supply systems -
for more than 100 years

SIPROTEC has established itself on the energy market for
decades as a powerful and complete system family of numerical
protection relays and bay controllers from Siemens.

SIPROTEC protection relays from Siemens can be consistently
used throughout all applications in medium and high voltage.
With SIPROTEC, you have their systems firmly and safely under
control, and have the basis to implement cost-efficient solutions
for all duties in modern, intelligent and “smart” grids. Users can
combine the units of the different SIPROTEC device series at

will for solving manifold duties — because SIPROTEC stands for
continuity, openness and future-proof design.

As the innovation driver and trendsetter in the field of protection
systems for more than 100 years, Siemens helps you to design
their grids in an intelligent, ecological, reliable and efficient way,
and to operate them economically. As a pioneer, Siemens has
decisively influenced the development of numerical protection Fig. 2/1 SIPROTEC Relay Family

systems (Fig. 2/2). The first application went into operation in

Wirzburg, Germany, in 1977. Consistent integration of protec-

tion and control functions for all SIPROTEC devices was the How can system operators benefit from this experience?
innovation step in the 90ies. After release of the communication
standard IEC 61850 in the year 2004, Siemens was the first
manufacturer worldwide to put a system with this communica-
tion standard into operation. In the meantime we have delivered  * Highest quality of hardware and functionality

* Proven and complete applications
e Easy integration into your system

more than 500,000 devices with IEC 61850 included. « Excellent operator friendliness of devices and tools
Many users have approved SIPROTEC protection devices for use * Easy data exchange between applications

in their power systems. The devices have also been certified by e Extraordinary consistency between product- and system-
independent test institutes and universities (KEMA, EPRI, LOYD, engineering

UR Laboratories). e Reduced complexity by easy operation

e Siemens as a reliable, worldwide operating partner.
Information about SIPROTEC 5 and SIPROTEC Compact product

families can be found in the related catalogs or at:
www.siemens.com/siprotec

SIPROTEC - a synonym
for protection devices

Over 100 yoars of exparionce in the field of

SImast syt t ol Vot e Nighest appractition st
be given to some milestones In the histary of this

reat product, The very first family of SIPROTEC T Y i =
?wwum already lmlrayheaeshn in being ahead L:LJ[:I= =
of ts competitors, Find out how th a10/0]

drive for technological impravements and bailliant QRE. N
miinds have kept this success stary going and injaa] |

geing 3 gaing 111}

1970 1977 1998 2004 2006 2008 2010

Fig. 2/2 SIPROTEC - Pioneer over generations

Siemens SIP - Edition No. 8 | 2/3
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SIPROTEC Compact - Maximum protection-minimum space

Perfect protection, smallest space reliable and flexible protection
for energy distribution and industrial systems with minimum
space requirements. The devices of the SIPROTEC Compact
family offer an extensive variety of functions in a compact and
thus space-saving s x 19" housing. The devices can be used as
main protection in medium-voltage applications or as back-up
protection in high-voltage systems.

SIPROTEC Compact provides suitable devices for many applica-
tions in energy distribution, such as the protection of feeders,
lines or motors. Moreover, it also performs tasks such as system
decoupling, load shedding, load restoration, as well as voltage
and frequency protection.

The SIPROTEC Compact series is based on millions of operational
experience with SIPROTEC 4 and a further-developed, compact

hardware, in which many customer suggestions were integrated.

This offers maximum reliability combined with excellent func-
tionality and flexibility.

e Simple installation by means of pluggable current and voltage
terminal blocks

 Thresholds adjustable via software (3 stages guarantee a safe
and reliable recording of input signals)

e Easy adjustment of secondary current transformer values
(1 AI5 A) to primary transformers via DIGSI 4

* Quick operations at the device by means of 9 freely program-
mable function keys

* Clear overview with six-line display
 Easy service due to buffer battery replaceable at the front side
e Use of standard cables via USB port at the front

e Integration in the communication network by means of two
further communication interfaces

* Integrated switch for low-cost and redundant optical and
electrical Ethernet rings

* Ethernet redundancy protocols RSTP, PRP and HSR for highest
availability

 Reduction of wiring between devices by means of cross-
communication via Ethernet (IEC 61850 GOOSE)

* Time synchronization to the millisecond via Ethernet with
SNTP for targeted fault evaluation

 Adjustable to the protection requirements by means of
“flexible protection functions”

e Comfortable engineering and evaluation via DIGSI 4.

Fig. 2/3 SIPROTEC Compact

Fig. 2/4 SIPROTEC Compact — rear view

Fig. 2/5 Feeder protection relay SIPROTEC with HMI

Siemens SIP - Edition No. 8
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SIPROTEC 5 - the new benchmark for protection,
automation and monitoring

The SIPROTEC 5 series is based on the long field experience of
the SIPROTEC device series, and has been especially designed
for the new requirements of modern high-voltage systems.
For this purpose, SIPROTEC 5 is equipped with extensive func-
tionalities and device types. With the holistic and consistent
engineering tool DIGSI 5, a solution has also been provided for
the increasingly complex processes, from the design via the
engineering phase up to the test and operation phase.

Thanks to the high modularity of hardware and software,
the functionality of the device types can be tailored to the
requested application and adjusted to the ever changing
requirements throughout the entire lifecycle.

In addition to the reliable and selective protection and the
complete automation function, SIPROTEC 5 offers an extensive
database for operation and monitoring of modern power sup-
ply systems. Synchrophasors (PMU), power quality data and

extensive operational equipment data are part of the scope of
supply. Fig. 2/6 SIPROTEC 5 — modular hardware

» Powerful protection functions guarantee the safety of the
system operator's equipment and employees

* Individually configurable devices save money on initial
investment as well as storage of spare parts, maintenance,
expansion and adjustment of your equipment

* Arc protection, detection of transient ground faults, and
process bus can easily be integrated and retrofitted

e Clear and easy-to-use of devices and software thanks to
user-friendly design

¢ Increase of reliability and quality of the engineering process

¢ High reliability due to consequent implementation of safety
and security

* Powerful communication components guarantee safe and
effective solutions

 Full compatibility between IEC 61850 Editions 1 and 2

* Integrated switch for low-cost and redundant optical and
electrical Ethernet rings

* Ethernet redundancy protocols RSTP, PRP and HSR for highest
availability

« Efficient operating concepts by flexible engineering of
IEC 61850 Edition 2

* Comprehensive database for monitoring of modern power
grids
e Optimal smart automation platform for transmission grids

based on integrated synchrophasor measurement units
(PMU) and power quality functions.

Fig. 2/8 Application in the high-voltage system

Siemens SIP - Edition No. 8 | 2/5
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SIPROTEC 4 - the proven, reliable and future-proof
protection for all applications

SIPROTEC 4 represents a worldwide successful and proven device
series with more than 1 million devices in field use.

Due to the homogenous system platform, the unique engineer-
ing program DIGSI 4 and the great field experience, the
SIPROTEC 4 device family has gained the highest appreciation
of users all over the world. Today, SIPROTEC 4 is considered

the standard for numerical protection systems in all fields of
application.

SIPROTEC 4 provides suitable devices for all applications from
power generation and transmission up to distribution and
industrial systems.

SIPROTEC 4 is a milestone in protection systems. The SIPROTEC 4
device series implements the integration of protection, control,
measuring and automation functions optimally in one device. In
many fields of application, all tasks of the secondary systems can
be performed with one single device. The open and future-proof
concept of SIPROTEC 4 has been ensured for the entire device
series with the implementation of IEC 61850.

e Proven protection functions guarantee the safety of the
systems operator's equipment and employees

Comfortable engineering and evaluation via DIGSI 4

Simple creation of automation solutions by means of the
integrated CFC

Targeted and easy operation of devices and software thanks to
user-friendly design

Powerful communication components guarantee safe and
effective solutions

Maximum experience worldwide in the use of SIPROTEC 4 and
in the implementation of IEC 61850 projects

Future-proof due to exchangeable communication interfaces
and integrated CFC.

Integrated switch for low-cost and redundant optical Ethernet
rings

Ethernet redundancy protocols RSTP, PRP and HSR for highest
availability.

Fig. 2/9 SIPROTEC 4

Fig. 2/11

SIPROTEC 4 in power plant application

Siemens SIP - Edition No. 8
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To fulfill vital protection redundancy requirements, only those
functions that are interdependent and directly associated with
each other are integrated into the same unit. For backup protec-
tion, one or more additional units should be provided.

All relays can stand fully alone. Thus, the traditional protection
principle of separate main and backup protection as well as the
external connection to the switchyard remain unchanged.

“One feeder, one relay” concept

Analog protection schemes have been engineered and
assembled from individual relays. Interwiring between these
relays and scheme testing has been carried out manually in the
workshop.

Data sharing now allows for the integration of several protection
and protection-related tasks into one single numerical relay.
Only a few external devices may be required for completion of
the total scheme. This has significantly lowered the costs of
engineering, assembly, panel wiring, testing and commissioning.
Scheme failure probability has also been lowered.

Engineering has moved from schematic diagrams toward a
parameter definition procedure. The powerful user-definable
logic of SIPROTEC 4 allows flexible customized design for protec-
tion, control and measurement.

S T

Measuring included

For many applications, the accuracy of the protection current
transformer is sufficient for operational measuring. The addi-
tional measuring current transformer was required to protect
the measuring instruments under short-circuit conditions. Due
to the low thermal withstand capability of the measuring instru-
ments, they could not be connected to the protection current
transformer. Consequently, additional measuring core current
transformers and measuring instruments are now only necessary
where high accuracy is required, e.g., for revenue metering.

Corrective rather than preventive maintenance

Numerical relays monitor their own hardware and software.
Exhaustive self-monitoring and failure diagnostic routines are
not restricted to the protection relay itself but are methodically
carried through from current transformer circuits to tripping
relay coils.

Equipment failures and faults in the current transformer circuits
are immediately reported and the protection relay is blocked.

Thus, service personnel are now able to correct the failure upon
occurrence, resulting in a significantly upgraded availability of
the protection system.

SIPROTEC Line protection

7

Serial link to station — or personal computer

FEEE &
to remote line end LOLHENO] kv, FR
Hz,
- - MW, SM

21 D!stan‘ce protection ) MVAT,

67N D!rect|onal ground-fault protection Load monitor MVA = BM

FL  Distance-to-fault locator

79 Auto-reclosure I Fault report

25  Synchrocheck

85 Carrier interface (teleprotection) I Fault record

SM  Self-monitoring I Relay monitor

ER  Eventrecording . ~

FR  Faultrecording I Breaker monitor

BM  Breaker monitor I Supervisory control
Fig. 2/12 Numerical relays offer increased information availability

Siemens SIP - Edition No. 8
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Adaptive relaying

Numerical relays now offer reliable, convenient and comprehen-
sive matching to changing conditions. Matching may be initiated
either by the relay’s own intelligence or from other systems via
contacts or serial telegrams. Modern numerical relays contain a
number of parameter sets that can be pretested during commis-
sioning of the scheme. One set is normally operative. Transfer to
the other sets can be controlled via binary inputs or a serial data
link (Fig. 2/13).

There are a number of applications for which multiple setting
groups can upgrade the scheme performance, for example:

e For use as a voltage-dependent control of overcurrent-time
relay pickup values to overcome alternator fault current
decrement to below normal load current when the automatic
voltage regulator (AVR) is not in automatic operation

For maintaining short operation times with lower fault
currents, e.g., automatic change of settings if one supply
transformer is taken out of service

For “switch-onto-fault” protection to provide shorter time
settings when energizing a circuit after maintenance so that
normal settings can be restored automatically after a time
delay

For auto-reclosure programs, that is, instantaneous operation
for first trip and delayed operation after unsuccessful reclosure

For cold load pickup problems where high starting currents
may cause relay operation

e For “ring open” or “ring closed” operation.

Implemented functions

SIPROTEC relays are available with a variety of protective
functions (please refer to Fig. 2/15). The high processing power
of modern numerical units allows further integration of non-
protective add-on functions.

The question as to whether separate or combined relays should
be used for protection and control cannot be unambiguously
answered. In transmission-type substations, separation into
independent hardware units is still preferred, whereas a trend
toward higher function integration can be observed on the
distribution level. Here, the use of combined feeder/line relays
for protection, monitoring and control is becoming more com-
mon (Fig. 2/14).

Relays with protection functions only and relays with combined
protection and control functions are being offered. SIPROTEC 4
relays offer combined protection and control functions.
SIPROTEC 4 relays support the “one relay one feeder” principle,
and thus contribute to a considerable reduction in space and
wiring requirements.

With the well-proven SIPROTEC 4 family, Siemens supports both
stand-alone and combined solutions on the basis of a single
hardware and software platform. The user can decide within
wide limits on the configuration of the control and protection,
and the reliability of the protection functions (Fig. 2/15).

The following solutions are available within one relay family:

* Separate control and protection relays

 Feeder protection and remote control of the line circuit-breaker
via the serial communication link

e Combined relays for protection, monitoring and control.

1000 Parameter -
1100 13 At
1000 Parameter -
s : Lo settings
1000 Parameter -
1100 1 Aot .
1000  Parameter - PETtings  jettings
j100 Line data settings ettings ding
l Ph i .
.1200 O/C Phase settings ettings ding lure
.1500 OIC Earth settings ding lure
?800 Fault recording lure
'3900 Breaker failure
Fig. 2/13 Alternate parameter groups

Fig. 2/14 Left: switchgear with numerical relay (7SJ62) and traditional
control; right: switchgear with combined protection and
control relay (75J64)

Siemens SIP - Edition No. 8
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Busbar L
52 75161/62/63/64 M 75162/63/64 2
|<«—]|Locallremote control EC logi Metering values
—™|Command/feedback CFClogic < .g Synchronization
et points, 1
N — [, V, Watts,
e e .Lockout‘ ﬁ?na,b\;ilizs’ ™ Vars, p.f., f = V,f, P
supervision 9 I 50 p.f. dffdt
o B
Motor ‘ Communication RTD" box Energy meter: . ® *—
control modules interface calculated and/or by impulses o> Vs Ve
HMI RS232/485/F0/ | Fault Motor protection +—B100—-(59+27)
Ethernet recording Bearing Starting Fault
— | 1EC60870-5-103 temp. I time locator Directional
= IEC61850 N H Ap ‘ .—" — phase-sequence
E D@] Profibus DP Locked Restart Idmomtolr”(;g
CNCEET ocke: estar ir.>> ir.>>
1ISE II\)/I%IT:)%SS RTU A ASACAS - s Idir>  Iidir>
‘*«\Ipdlrl‘»\ I, dir.
3& ?
C p— . 7=
> I> 1 T >> I,fp ‘> 9> y
Breaker failure ground-fault detection
CNR VR LN protection Los
AT>, AHigh-impedance  A\___ Auto- AN
d_ + Ig>> . Ep.~  restricted ground-fault reclosure _.. Irpp .E

TDRTD = resistance temperature detector

2) VT connection for 75J62/63/64 only

Fig. 2/15 SIPROTEC 4 relays 7SJ61/62163, 64 implemented functions

Terminals: Standard relay version with screw-type terminals

Mechanical Design

Current terminals

SIPROTEC 4 relays are available in %5 to %1 of 19" wide housings

Connection

Ring cable lugs
Wire size

Direct connection

Wire size

Wiax =12 mm
d,=5mm

2.7-4 mm2 (AWG 13-11)
Solid conductor, flexible lead,

connector sleeve

2.7-4 mm2 (AWG 13-11)

with a standard height of 243 mm. Their size is compatible with
that of other device series. Therefore, compatible exchange is
always possible (Fig. 2/16 to Fig. 2/18).

All wires (cables) are connected at the rear side of the relay
with or without ring cable lugs. A special relay version with a
detached cable-connected operator panel (Fig. 2/19) is also

Voltage terminals

available. It allows, for example, the installation of the relay
itself in the low-voltage compartment, and of the operator panel

Connection
Ring cable lugs
Wire size

Wiax =10 mm
d, =4 mm

separately in the door of the switchgear.

Direct connection

Wire size

1.0-2.6 mm2 (AWG 17-13)

Solid conductor, flexible lead,
connector sleeve

0.5-2.5 mm2 (AWG 20 —13)

Some relays are alternatively available with plug-in voltage terminals

Current terminals

Screw type (see standard version)

Voltage terminals

2-pin or 3-pin connectors

Wire size

0.5-1.0 mm?2
0.75-1.5 mm?
1.0 -2.5 mm?

Siemens SIP - Edition No. 8 | 2/9
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i

Fig. 2/16 1 of 19" housing

Y

Fig. 2/117 > of 19" housing Fig. 2/18 5 of 19" housing

Fig. 2/19 SIPROTEC 4 combined protection, control and monitoring
relay with detached operator panel

T Piekmpll

c On the backlit LCD display, process and device information can
be displayed as text.

e Freely assignable LEDs are used to display process or device
information. The LEDs can be labeled according to user
requirements. An LED reset key resets the LEDs and can be used
for LED testing.

e Keys for navigation

e RS232 operator interface (for DIGSI)

e 4 configurable function keys permit the user to execute
frequently used actions simply and fast.

© Numerical keys

Fig. 2/20 Local operation: All operator actions can be executed and
information displayed via an integrated user interface. Two
alternatives for this interface are available.

m = o = B SIPRQJ‘EC
1 Reley TP
A% h“ NN
38 Pickap L1
‘: Picksp L3 m
Pickep E
Ll a
:: Local CB wpen n m
- [/
na E
]
=
ue e
= ~ Wl = =
“Q e @ B
=l
.“,. - @ BEE
i H EER

0 Process and relay information can be displayed on the large
illuminated LC display either graphically in the form of a mimic
diagram or as text in various lists.

e The keys mainly used for control of the switchgear are located
on the “control axis” directly below the display.

@ Two key-operated switches ensure rapid and reliable changeover
between “local” and “remote” control, and between “interlocked”
and “non-interlocked” operation.

Fig. 2/21 Additional features of the interface with graphic display
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Apart from the relay-specific protection functions, the
SIPROTEC 4 units have a multitude of additional functions that
e provide the user with information for the evaluation of faults
« facilitate adaptation to customer-specific application

« facilitate monitoring and control of customer installations.

Operational measured values

The large scope of measured and limit values permits improved
power system management as well as simplified commissioning.

The r.m.s. values are calculated from the acquired current and
voltage along with the power factor, frequency, active and
reactive power. The following functions are available depending
on the relay type

e Currents I 4, I 5, I3, Iy, Igg (67Ns)

* Voltages V1. Viy, Vis, Viro:Vizis Vi

* Symmetrical components I, I, 31; V,, V,, 3V,
 Power Watts, V, ., VAIP, Q, S

e Power factor p.f. (cos @)

* Frequency

* Energy = kWh = kVarh, forward and reverse power flow

e Mean as well as minimum and maximum current and voltage
values

e Operating hours counter
* Mean operating temperature of overload function

e Limit value monitoring
Limit values are monitored using programmable logic in the
CFC. Commands can be derived from this limit value indication.

e Zero suppression
In a certain range of very low measured values, the value is set
to zero to suppress interference.

Metered values (some types)

For internal metering, the unit can calculate energy metered
values from the measured current and voltage values. If an
external meter with a metering pulse output is available, some
SIPROTEC 4 types can obtain and process metering pulses via an
indication input.

The metered values can be displayed and passed on to a control
center as an accumulation with reset. A distinction is made
between forward, reverse, active and reactive energy.

Operational indications and fault indications with time
stamp

The SIPROTEC 4 units provide extensive data for fault analysis as
well as control. All indications listed here are stored, even if the
power supply is disconnected.

* Fault event log
The last eight network faults are stored in the unit. All fault
recordings are time-stamped with a resolution of 1 ms.

e Operational indications
All indications that are not directly associated with a fault
(e.g., operating or switching actions) are stored in the status
indication buffer. The time resolution is 1 ms (Fig. 2/22, Fig.
2/23).

Fig. 2/22 Operational measured values

Fault Euvent 2320

Dis.Pickur L23

Dis.Loor L2-3 f

1 m=

1 m=
M

1 m=

Diz.TrirFr 2F OM

AR 1stCoc. run.

AR 1in

k.1

L2

1 m=
(] ¢

1 m=
Frodress ()¢

R
H

4.38k

= Mms
5. 19kR

Fig. 2/23 Fault event log on graphical display of the device
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Display editor

A display editor is available to design the display on SIPROTEC 4
units with graphic display. The predefined symbol sets can be
expanded to suit the user. The drawing of a single-line diagram
is extremely simple. Load monitoring values (analog values)
and any texts or symbols can be placed on the display where
required.

Four predefined setting groups for adapting relay settings

The settings of the relays can be adapted quickly to suit changing
network configurations. The relays include four setting groups
that can be predefined during commissioning or even changed
remotely via a DIGSI 4 modem link. The setting groups can be
activated via binary inputs, via DIGSI 4 (local or remote), via the
integrated keypad or via the serial substation control interface.

Fault recording up to five or more seconds

The sampled values for phase currents, earth (ground) currents,
line and zero-sequence currents are registered in a fault record.
The record can be started using a binary input, on pickup or
when a trip command occurs. Up to eight fault records may be
stored. For test purposes, it is possible to start fault recording
via DIGSI 4. If the storage capacity is exceeded, the oldest fault
record in each case is overwritten.

For protection functions with long delay times in generator pro-
tection, the RMS value recording is available. Storage of relevant
calculated variables (V,, Vi, I, I, Igg, P, Q, f-f,) takes place at
increments of one cycle. The total time is 80 s.

Time synchronization

A battery-backed clock is a standard component and can be
synchronized via a synchronization signal (DCF77, IRIG B via
satellite receiver), binary input, system interface or SCADA
(e.g., SICAM). A date and time is assigned to every indication.

Selectable function keys

Four function keys can be assigned to permit the user to perform
frequently recurring actions very quickly and simply.

Typical applications are, for example, to display the list of
operating indications or to perform automatic functions such
as “switching of circuit-breaker”.

Continuous self-monitoring

The hardware and software are continuously monitored. If
abnormal conditions are detected, the unit immediately signals.
In this way, a great degree of safety, reliability and availability is
achieved.

2/12 | Siemens SIP - Edition No. 8

Reliable battery monitoring

The battery provided is used to back up the clock, the switching
statistics, the status and fault indications, and the fault record-
ing in the event of a power supply failure. Its function is checked
by the processor at regular intervals. If the capacity of the
battery is found to be declining, an alarm is generated. Regular
replacement is therefore not necessary.

All setting parameters are stored in the Flash EPROM and are
not lost if the power supply or battery fails. The SIPROTEC 4 unit
remains fully functional.

Commissioning support

Special attention has been paid to commissioning. All binary
inputs and output contacts can be displayed and activated
directly. This can significantly simplify the wiring check for the
user. Test telegrams to a substation control system can be initi-
ated by the user as well.

CFC: Programming logic

With the help of the CFC (Continuous Function Chart) graphic
tool, interlocking schemes and switching sequences can be
configured simply via drag and drop of logic symbols; no special
knowledge of programming is required. Logical elements, such
as AND, OR, flip-flops and timer elements are available. The
user can also generate user-defined annunciations and logical
combinations of internal or external signals.

Communication interfaces

With respect to communication, particular emphasis has been
placed on high levels of flexibility, data integrity and utilization
of standards commonly used in energy automation. The design
of the communication modules permits interchangeability on
the one hand, and on the other hand provides openness for
future standards.

Local PC interface

The PC interface accessible from the front of the unit permits
quick access to all parameters and fault event data. Of particular
advantage is the use of the DIGSI 4 operating program during
commissioning.
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Retrofitting: Communication modules

It is possible to supply the relays directly with two communica-
tion modules for the service and substation control interfaces,
or to retrofit the communication modules at a later stage.

The modules are mounted on the rear side of the relay.

As a standard, the time synchronization interface is always
supplied.

The communication modules are available for the entire
SIPROTEC 4 relay range. Depending on the relay type, the
following protocols are available: [EC 60870-5-103,

PROFIBUS DP, PROFINET I/O, MODBUS RTU, DNP 3.0 and Ether-
net with IEC 61850. No external protocol converter is required.

With respect to communication, particular emphasis is placed
on the requirements in energy automation:

* Every data item is time-stamped at the source, that is, where
it originates.

e The communication system automatically handles the
transfer of large data blocks (e.g., fault records or parameter
data files). The user can apply these features without any
additional programming effort.

* For reliable execution of a command, the relevant signal is
first acknowledged in the unit involved. When the command
has been enabled and executed, a check-back indication
is issued. The actual conditions are checked at every
command-handling step. Whenever they are not satisfactory,
controlled interruption is possible.

Fig. 2/24 Protection relay Fig. 2/25 Communication
module, optical

&
Fig. 2/26 Communication Fig. 2/27 Communication
module RS232,RS485 module, optical ring

The following interfaces can be applied:

o Service interface (optional)

Several protection relays can be centrally operated with

DIGSI 4, e.g., via a star coupler or RS485 bus. On connection of
a modem, remote control is possible. This provides advantages
in fault clearance, particularly in unmanned power stations.
(Alternatively, the external temperature monitoring box can be
connected to this interface.)

9 System interface (optional)

This is used to carry out communication with a control system
and supports, depending on the module connected, a variety
of communication protocols and interface designs.

o Time synchronization interface

A synchronization signal (DCF 77, IRIG B via satellite receiver)
may be connected to this input if no time synchronization is
executed on the system interface. This offers a high-precision
time tagging.

Fig. 2/28 Rear view with wiring, terminal safety cover and serial
interfaces
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Safe bus architecture Substation automation system

* Fiber-optic double ring circuit via Ethernet
The fiber-optic double ring circuit is immune to electro-

T A ; Option: Control
magnetic interference. Upon failure of a section between DIGS! SICAM |:| center
two units, the communication system continues to operate e PAS
without interruption. If a unit were to fail, there is no effect [ ==
on the communication with the rest of the system
(Fig. 2129). ><

e RS485 bus switch
With this data transmission via copper wires, electro- y | L,
magnetic interference is largely eliminated by the use > > > >
of twisted-pair conductors. Upon failure of a unit, the
remaining system continues to operate without any faults < N < ~
(Fig. 2/30). | | 7 1 | | | 1 |
e Star structure =
= — —
The relays are connected with a fiber-optic cable with a star = 33 %‘ & =
structure to the control unit. The failure of one relay/con- é |§ é
nection does not affect the others (Fig. 2/31). "o SRR =t ==t
| , cHE B ER R
Depending on the relay type, the following protocols are
available:
« IEC 61850 protocol Fig. 2/29 Ring bus structure for station bus with Ethernet and
Since 2004, the Ethernet-based IEC 61850 protocol is the IEC 61850

worldwide standard for protection and control systems used
by power supply corporations. Siemens is the first manu-
facturer to support this standard. By means of this protocol, Substation
information can also be exchanged directly between control system
feeder units so as to set up simple masterless systems for
feeder and system interlocking. Access to the units via the
Ethernet bus will also be possible with DIGSI.

IEC 60870-5-103

IEC 60870-5-103 is an internationally standardized protocol
for efficient communication between the protection relays
and a substation control system. Specific extensions that
are published by Siemens can be used.

PROFIBUS DP

=
=
i
£p

For connection to a SIMATIC PLC, the PROFIBUS DP protocol - TERE o oo oo
is recommended. With the PROFIBUS DP, the protection @) D@E DE
relay can be directly connected to a SIMATIC S5/S7. The
transferred data are fault data, measured values and control
commands. Fig. 2/30 PROFIBUS: Electrical RS485 bus wiring
Substation
control system
g5 [ [— [—
s hF B® g®
= = =
o O oooong o oo o o0
ik EE e

Fig. 2/31 |EC 60870-5-103: Star structure with fiber-optic cables
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MODBUS RTU

MODBUS is also a widely utilized communication standard and is
used in numerous automation solutions.

DNP 3.0

DNP 3.0 (Distributed Network Protocol, version 3) is a
messaging-based communication protocol. The SIPROTEC 4 units
are fully Level 1 and Level 2-compliant with DNP 3.0, which is
supported by a number of protection unit manufacturers.

Control

In addition to the protection functions, the SIPROTEC 4 units also
support all control and monitoring functions required for operat-
ing medium-voltage or high-voltage substations. The main
application is reliable control of switching and other processes.
The status of primary equipment or auxiliary devices can be
obtained from auxiliary contacts and communicated to the relay
via binary inputs.

Therefore, it is possible to detect and indicate both the OPEN and
CLOSED positions or a faulty or intermediate breaker position.
The switchgear can be controlled via:

* Integrated operator panel
e Binary inputs

* Substation control system
* DIGSI 4

Automation

With the integrated logic, the user can set specific functions for
the automation of the switchgear or substation by means of a
graphic interface (CFC). Functions are activated by means of
function keys, binary inputs or via the communication interface.

Fig. 2/32 Protection engineer at work

Switching authority

The following hierarchy of switching authority is applicable:
LOCAL, DIGSI 4 PC program, REMOTE. The switching authority is
determined according to parameters or by DIGSI 4. If the LOCAL
mode is selected, only local switching operations are possible.
Every switching operation and change of breaker position is
stored in the status indication memory with detailed information
and time tag.

Command processing

The SIPROTEC 4 protection relays offer all functions required for
command processing, including the processing of single and
double commands, with or without feedback, and sophisticated
monitoring. Control actions using functions, such as runtime
monitoring and automatic command termination after output
check of the external process, are also provided by the relays.
Typical applications are:

¢ Single and double commands using 1, 1 plus 1 common
or 2 trip contacts

» User-definable feeder interlocking

¢ Operating sequences combining several switching operations,
such as control of circuit-breakers, disconnectors (isolators)
and grounding switches

* Triggering of switching operations, indications or alarms by
logical combination of existing information (Fig. 2/32).

The positions of the circuit-breaker or switching devices are
monitored by feedback signals. These indication inputs are
logically assigned to the corresponding command outputs.
The unit can therefore distinguish whether the indication
changes as a consequence of a switching operation or due
to a spontaneous change of state.

Indication derivation

A further indication (or a command) can be derived from an
existing indication. Group indications can also be formed.
The volume of information to the system interface can thus
be reduced and restricted to the most important signals.
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Typical protection schemes

Infeed
1. Cables and overhead lines @ Transformer
= protection
Radial systems e ||| iy, 2D
Notes:
1) Auto-reclosure (ANSI 79) only with overhead lines. |L/ B [T] I>,t Ip> t I,> t ARC
2) Negative sequence overcurrent protection 46 as sensitive Fé‘éé@?é L .—.—.—.
backup protection against asymmetrical faults. 75180
General notes
* The relay at the far end (D) is set with the shortest operating 0J Dyt Ip> t >t
time. Relays further upstream have to be time-graded against { .—.—.
the next downstream relay in steps of about 0.3 s. i 751809
¢ Inverse time or definite time can be selected according to the
following criteria: Load
— Definite time D[] It Ig> t I)> t
Source impedance is large compared to the line impedance, a ._._.
that is, there is small current variation between near and far &
end faults. 75)80"
— Inverse time: Load Load
Longer lines, where the fault current is much less at the far
end of the line than at the local end. *) Alternatives: 75J82, 7566

— Strong or extreme inverse-time:
Lines where the line impedance is large compared to the
source impedance (high difference for close-in and remote
faults), or lines where coordination with fuses or reclosers is
necessary. Steeper characteristics also provide higher stabil-
ity on service restoration (cold load pickup and transformer
inrush currents).

Fig. 2/33 Radial systems

Ring-main circuit

General notes: e Transformer
e Operating time of overcurrent relays to be coordinated with e e protection
downstream fuses of load transformers (preferably with strong - - see fig. 2/52
\

inverse-time characteristic with about 0.2 s grading-time %
delay) \
e Thermal overload protection for the cables (option) [52 . 52
* Negative sequence overcurrent protection (46) as sensitive x 75J80" x 75J80"
protection against asymmetrical faults (option). It Ip>, t >t 9> Dyt Ip> t >t 9>

OO 09GO

prem <

)»\-ED—GD% e@OE»\{
:
;

Fig. 2/34 Ring-main circuit

*) Alternatives:
7582, 75J66

2/16 | Siemens SIP - Edition No. 8



Overview

Typical protection schemes

Switch-onto-fault protection

If switched onto a fault, instantaneous tripping can be effected.
If the internal control function is used (local, via binary input

or via serial interface), the manual closing function is available Busbar

without any additional wiring. If the control switch is connected )

to a circuit-breaker bypassing the internal control function, , ZI::I N TRIP (high-speed dead fault clearance) (511)
5 5 5

manual detection using a binary input is implemented.

I>>, [>>>

r - Feeder earthed

L +——]n

_

Manual close
Typical feeder (356 > m close) 75Jx, 7SAx

Fig. 2/35 Switch-onto-fault protection

Directional comparison protection (cross-coupling)

. . . . . Substation A | Substation B Substation C Substation D
Cross-coupling is used for selective protection of sections fed Bus 52 | 52 Bus 52
|

| |
| 52 Bus 52 | 52Bus
from two sources with instantaneous tripping, that is, without @_'_E} L[] 5 e 5 A B @
: . o A . g LT T

the disadvantage of time coordination. The directional compari- : : :

AT . . . 751621 | 7562 751621 | 751621 751621 | 75162
son protection is suitable if the distances between the protection 63/64 | 63/64 63/64 | 63164  63/64 | 63164
stations are not significant and pilot wires are available for signal | 50 50 | |
transmission. In addition to the directional comparison protec- E ! E = E E [ E
tion, the directional coordinated overcurrent-time protection is 52
used for complete selective backup protection. If operated in a 3
closed-circuit connection, an interruption of the transmission 2 WEm 7550
line is detected. S Pick-

= up
52
> Blocking signal
Non-directional
50 ]75J80 507 fault detection
Pick- Direction
Lup =1/ of fault (67)

Fig. 2/36 Directional comparison protection

Distribution feeder with reclosers
Infeed

General notes:

* The feeder relay operating characteristics, delay times and
auto-reclosure cycles must be carefully coordinated with =
downstream reclosers, sectionalizers and fuses. -
The 50/50N instantaneous zone is normally set to reach out to °
the first main feeder sectionalizing point. It has to ensure fast 152 152
clearing of close-in faults and prevent blowing of fuses in this B> Ip>> >t 75161 \

area (“fuse saving”). Fast auto-reclosure is initiated in this case. >t Ig>t 75J80

Further time-delayed tripping and reclosure steps (normally B ._._. ‘
two or three) have to be graded against the recloser. - |
|
|
|
|
|

Auto-

The overcurrent relay should automatically switch over to less \ L——>.
reclose

sensitive characteristics after long breaker interruption times P —— —_—————

in order to enable overriding of subsequent cold load pickup

and transformer inrush currents. :] Recloser Further

feeders

—O—>

Sectionalizers

Fig. 2/37 Distribution feeder with reclosers
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3-pole multishot auto-reclosure (AR, ANSI 79)

Auto-reclosure (AR) enables 3-phase auto-reclosing of a feeder i E'eg’lenisga” E'emle”ts Perlforms
that has previously been disconnected by overcurrent protection. e vocke ft:is ;)hv;er Lefcfgjgfr
SIPROTEC 75J61 allows up to nine reclosing shots. The first four CLOSE 5

dead times can be set individually. Reclosing can be blocked or 2 22 (2851) |

initiated by a binary input or internally. After the first trip in a ’ ’
reclosing sequence, the high-set instantaneous elements (I>>>, [ P

I>>, I;>>) can be blocked. This is used for fuse-saving applications S T ——
and other similar transient schemes using simple overcurrent L ‘ ‘

relays instead of fuses. The low-set definite-time (I>, Iz>) and the { : C AR
inverse-time (Ip, IEp) overcurrent elements remain operative during ‘ ‘ ‘

the entire sequence.

52 \ Fuse opens on
I: sucessful reclosure

Circuit-breaker opens on
unsucessful reclosure

/ *) Alternatives:
75J62163164166, 75)80/82/85

Fig. 2/38 3-pole multishot auto-reclosure (AR, ANSI 79)

Parallel feeder circuit

Infeed 22

General notes:

* The preferred application of this circuit is in the reliable supply 2 2
of |mportant consumers without significant infeed from the Dt It 9> L>( 75061
load side. - 75J80 E_

* The 67/67N directional overcurrent protection trips instan- ¢ . . . . 75182 -
taneously for faults on the protected line. This saves one ohllinelor OMleer | Preecion
time-grading interval for the overcurrent relays at the infeed. | cable1 cable 2 same as

. . I I i
e The 51/51N overcurrent relay functions must be time-graded - 75J62 :Ime or cable 1
against the relays located upstream. B 75J80 B
5 75)82 5
A r“pJ e
®5) ®5)
Load Load

Fig. 2/39 Parallel feeder circuit
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Reverse-power monitoring at double infeed

If a busbar is fed from two parallel infeeds and a fault occurs
on one of them, only the faulty infeed should be tripped selec-
tively in order to enable supply to the busbar to continue from
the remaining supply. Unidirectional devices that can detect

a short-circuit current or energy flow from the busbar toward
the incoming feeder should be used. Directional overcurrent
protection is usually set via the load current. However, it
cannot clear weak-current faults. The reverse-power protection
can be set much lower than the rated power, thus also detect-
ing the reverse-power flow of weak-current faults with fault
currents significantly below the load current.

Synchronization function
Note:
Also available in relays 7SA6, 7SD5, 7SA522, 7VK61.

General notes:

¢ When two subsystems must be interconnected, the synchroni-
zation function monitors whether the subsystems are synchro-
nous and can be connected without risk of losing stability.

 This synchronization function can be applied in conjunction
with the auto-reclosure function as well as with the control
function CLOSE commands (local/remote).

Infeed A

Infeed B

& ®

75)64 *)

75)64 *)

52

LY

52

| "%

Feeders

52

"%

*) Alternatives: 75J62, 75J80, 75J66, 7S)82 Feeders

Fig. 2/40 Reverse-power monitoring at double infeed

Busbar

Transformer

Infeed T

Fig. 2/41

152

U.
| CLOSE command m ™

|l

Locallremote
control

Ce

U;

|
|
|
! 751647

Synchronization function
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Cables or short overhead lines with infeed from both ends
Notes:
1) Auto-reclosure only with overhead lines

2) Differential protection options:

* Type 7SD5 or 7SD610 with direct fiber-optic connection up
to about 100 km or via a 64 kbit/s channel (optical fiber,
microwave)

e Type 7SD52 or 7SD610 with 7XV5662 (CC-CC)
with 2 and 3 pilot wires up to about 30 km

* Type 7SD80 with pilot wire and/or fibre optic protection data
interface.

Overhead lines or longer cables with infeed from both ends

Notes:

1) Teleprotection logic (85) for transfer trip or blocking schemes.

Signal transmission via pilot wire, power line carrier, digital
network or optical fiber (to be provided separately). The tele-
protection supplement is only necessary if fast fault clearance
on 100 % line length is required, that is, second zone tripping
(about 0.3 s delay) cannot be accepted for far end faults. For
further application notes on teleprotection schemes, refer to
the table on the following page.

2) Directional ground-fault protection 67N with inverse-time
delay against high-resistance faults

3) Single or multishot auto-reclosure (79) only with overhead
lines.

Subtransmission line
Note:

Connection to open delta winding if available. Relays 7SA6/522
and 7SJ62 can, however, also be set to calculate the zero-
sequence voltage internally.

General notes:

« Distance teleprotection is proposed as main protection and
time-graded directional overcurrent as backup protection.

* The 67N function of 7SA6/522 provides additional high-
resistance ground-fault protection. It can be used in parallel
with the 21/21N function.

* Recommended teleprotection schemes: PUTT on medium and
long lines with phase shift carrier or other secure communica-
tion channel POTT on short lines. BLOCKING with On/Off
carrier (all line lengths).

\l/ Infeed
% 152 |
52 T
e ————— e
52 %152
y \
75180 75D61,
. B -_ 7SD80 or S
Line (C 7SD5 [ame
or | protection
cable ! 7SJ80 12 | for parallel line,
B .__ %ifapplicable
= 75D61,
7SD80 or |
\ o2 D) 7SD5 \* =2
1 52 |
1 1 i = == =
\J< 52 \J< 52 \k 52 \J< 52
N Load 0 Backfeed N 0

Fig. 2/42 Cables or short overhead lines with infeed from both ends

Infeed |
52 |
@j
52 |
| B

—@»e :
I \>'3) 7SA6 or Same
7SA522 }
I I
! 3 | line, if
| applicable
L . 7SA522 }

Line |

protection
or |
cable

for parallel

a'a)

gD a8 o |
it

C>>

Ty

¢

| /

s

| / 7S5J62

v 75180

i
S

‘,7,7. [l Y 5 Toremote

R line end

7SA6 or 7SA522

Signal transmission equipment

Fig. 2/44 Subtransmission line
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Permissive underreach
transfer trip (PUTT)

Permissive overreach

transfer trip (POTT)

Blocking

Unblocking

Preferred Signal Dependable and secure communication channel: Reliable communication Dedicated channel with
application  transmission ¢ Power line carrier with frequency shift modulation. channel (only required continuous signal transfer
system HF signal coupled to 2 phases of the protected line, or during external faults) * Power line carrier with
even better, to a parallel circuit to avoid transmission of * Power line carrier with frequency shift keying.
the HF signal through the fault location. amplitude modulation Continuous signal trans-
* Microwave radio, especially digital (PCM) (ON/OFF). The same mission must be permitted.
* Fiber-optic cables frequency may be used
on all terminals)
Characteristic  Best suited for longer lines  Excellent coverage on All line types — preferred Same as POTT
of line — where the underreach short lines in the presence  practice in the US
zone provides sufficient of fault resistance.
resistance coverage « Suitable for the protection
of multi-terminal lines
with intermediate infeed
Advantages  Simple technique  Can be applied without Same as POTT Same as POTT but:

* No coordination of zones underreaching zone 1 « If no signal is received
and times with the op- stage (e.g., overcompen- (no block and no uncompen-
posite end required. The sated series uncompensa- sated block) then tripping by
combination of different ted lines) the overreach zone is
relay types therefore ¢ Can be applied on extre- released after 20 ms
presents no problems mely short lines (impe-

dance less than minimum
relay setting)

* Better for parallel lines
as mutual coupling is not
critical for the overreach
zone

* Weak infeed terminals
are no problem (Echo
and Weak Infeed logic is
included)

Drawbacks * Overlapping of the  Zone reach and signal Same as POTT Same as POTT

zone 1 reaches must be
ensured. On parallel
lines, teed feeders and
tapped lines, the
influence of zero
sequence coupling and
intermediate infeeds
must be carefully
considered to make sure
a minimum overlapping
of the zone 1 reach is
always present.

Not suitable for weak
infeed terminals

timing coordination with
the remote end is
necessary (current
reversal)

Table 2/1 Application criteria for frequently used teleprotection schemes

e Slow tripping — all
teleprotection trips

must be delayed to wait

for the eventual
blocking signal

e Continuous channel
monitoring is not
possible
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Transmission line with reactor (Fig. 2/45) Teleprotection schemes based on distance relays therefore
have operating times on the order of 25 to 30 ms with digital
PCM coded communication. With state-of-the-art two-cycle
circuit-breakers, fault clearing times well below 100 ms

(4 to 5 cycles) can normally be achieved.

Notes:
1) 51N only applicable with grounded reactor neutral.

2) If phase CTs at the low-voltage reactor side are not available,
the high-voltage phase CTs and the CT in the neutral can be
connected to a restricted ground-fault protection using a
high-impedance relay (SIPROTEC 7SJ80, Reyrolle 7SR23).

¢ Dissimilar carrier schemes are recommended for main 1
and main 2 protection, for example, PUTT, and POTT or
Blocking/Unblocking.

Both 7SA522 and 7SA6 provide selective 1-pole and/or 3-pole
tripping and auto-reclosure.

The ground-current directional comparison protection (67N)
of the 7SA6 relay uses phase selectors based on symmetrical
components. Thus, 1-pole auto-reclosure can also be executed
with high-resistance faults.

The 67N function of the 7SA522 relay can also be used as
time-delayed directional overcurrent backup.

.

General notes:

* Distance relays are proposed as main 1 and main 2 protection.
Duplicated 7SA6 is recommended for series-compensated
lines.

e Operating time of the distance relays is in the range of 15 to
25 ms depending on the particular fault condition.
These tripping times are valid for faults in the underreaching
distance zone (80 to 85 % of the line length). Remote end
faults must be cleared by the superimposed teleprotection
scheme. Its overall operating time depends on the signal
transmission time of the channel, typically 15 to 20 ms for
frequency shift audio-tone PLC or microwave channels, and
lower than 10 ms for ON/OFF PLC or digital PCM signaling via
optical fibers.

e The 67N functions are provided as high-impedance fault
protection. 67N is often used with an additional channel as
a separate carrier scheme. Use of a common channel with
distance protection is only possible if the mode is compatible
(e.g., POTT with directional comparison). The 67N may be
blocked when function 21/21N picks up. Alternatively, it can
be used as time-delayed backup protection.

CcC
52L

L

% TC1¢ ?TCZ

=

D)
D

s

75J)80

Reactor§ ’X
’ 7SR23
/ g—l 2)
-l

L

2/22

7SA6

7SA522

75J80

|
|
|
|
AN
|
=

BF

| > | Direct trip

channel

%

Channel
2

>

Fig. 2/45 Transmission line with reactor
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| 2 | Channel

3

1)

To remote
line end
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Transmission line or cable
(with wide-band communication)

General notes:

* Digital PCM-coded communication (with n x 64 kbit/s
channels) between line ends is becoming more and more
frequently available, either directly by optical or microwave
point-to-point links, or via a general-purpose digital com-
munication network.

In both cases, the relay-type current differential protection
75D52/61 can be applied. It provides absolute phase and
zone selectivity by phase-segregated measurement, and is not
affected by power swing or parallel line zero-sequence cou-
pling effects. It is, furthermore, a current-only protection that
does not need a VT connection. For this reason, the adverse
effects of CVT transients are not applicable.

This makes it particularly suitable for double and multi-circuit
lines where complex fault situations can occur.

The 7SD5/61 can be applied to lines up to about 120 km in
direct relay-to-relay connections via dedicated optical fiber
cores (see also application “Cables or short overhead lines
with infeed from both ends”, page 2/21), and also to much
longer distances of up to about 120 km by using separate PCM
devices for optical fiber or microwave transmission.

The 7SD5/61 then uses only a small part (64 to 512 kbit/s) of
the total transmission capacity (on the order of Mbits/s).

The 7SD521/61 protection relays can be combined with the
distance relay 7SA52 or 7SA6 to form a redundant protection
system with dissimilar measuring principles complementing
each other (Fig. 2/46). This provides the highest degree of
availability. Also, separate signal transmission ways should be
used for main 1 and main 2 line protection, e.g., optical fiber
or microwave, and power line carrier (PLC).

The current comparison protection has a typical operating time
of 15 ms for faults on 100 % line length, including signaling
time.

General notes for Fig. 2/47:

* SIPROTEC 7SD5 offers fully redundant differential and distance
relays accommodated in one single bay control unit, and
provides both high-speed operation of relays and excellent
fault coverage, even under complicated conditions. Precise
distance-to-fault location avoids time-consuming line patrol-
ling, and reduces the downtime of the line to a minimum.

e The high-speed distance relay operates fully independently
from the differential relay. Backup zones provide remote
backup for upstream and downstream lines and other power
system components.

+ cc
—{s2L AN '
TC1T TTCZ \_,J,\J*
2§ ~ A
t ~ N L\
® 9 © @
f/ //
I
\ . [ b
: |
I e
! 14
I
1 7SD522 . ‘ 7SA522 or
' 7sD6 I 7SA6
! |
: :_ { i | 2| Channel
i 1
! Optical fib To remote
i I
4-Qpticalfiber jFo ~ X211 PcM |77 line end
: Wire[—
|

Direct connection with dedicated
fibers up to about 120 km

Fig. 2/46 Redundant transmission line protection
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Direct connection with dedicated

in one device

fibers up to about 120 km

Transmission line protection with redundant algorithm
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Transmission line,
one-breaker-and-a-half terminal - 75552
BB1

Notes:

7VK61 7SA522 or
1) When the line is switched off and the . - ,' 7SA6
I 1)

line line disconnector (isolator) is 1) 2)

C I
open, high through-fault currents in I:':lsz a @D . Gorson-Gsin

£

the diameter may cause maloperation
of the distance relay due to unequal 8 1
CT errors (saturation). C Usgi g“g: Uy, 41—7&
Normal practice is therefore to block - U Ar A
the distance protection (21/21N) and { il i\ '*
the directional ground-fault protection \_ SVKGT L 73D5 Ue1
(67N) under this condition via an - ‘

auxiliary contact of the line line discon-

nector (isolator). A standby overcurrent I:_:|52 .
T

function (50/51N, 51/51N) is released
instead to protect the remaining stub -

g b r o A
between the breakers (“stub” protec- n Ug—oo A
tion). 1 A Line 2
2) Overvoltage protection only with \_ Main 1 ) Protection of line 2
7SA6152. C Main 2 }.(ortrapsformer,
n if applicable)

General notes: I:_:lsz . 7VKe61

e The protection functions of one i .
diameter of a breaker-and-a-half =
arrangement are shown. Ugsz -
A B U, ,or
e The currents of two CTs have each to r‘vIv\ ( ULLfor UBBII [IJBBZ
. BB2
be summed up to get the relevant line :
currents as input for main 1 and 2 line -75552

protection.

* The location of the CTs on both sides of
the circuit-breakers is typical for substa-
tions with dead-tank circuit-breakers.
Live-tank circuit-breakers may have
CTs only on one side to reduce cost. A fault between circuit-
breakers and CT (end fault) may then still be fed from one side
even when the circuit-breaker has opened. Consequently, final
fault clearing by cascaded tripping has to be accepted in this
case.

Fig. 2/48 Transmission line, one-breaker-and-a-half terminal,
using 3 breaker management relays 7VK61

The 7VK61 relay provides the necessary end fault protection
function and trips the circuit-breakers of the remaining infeed-
ing circuits.
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General notes for Fig. 2/148 and Fig. 2/49:

e For the selection of the main 1 and - 75552
main 2 line protection schemes, the BB1
comments of application examples
“Transmission with reactor”, page 2/23 e 7SA6
and “Transmission line or cable”, page C ‘ _‘ 5
2124 apply. D 2

| |
I I 1
Auto-reclosure (79) and synchrocheck I::ISZ ' - ‘ - -

function (25) are each assigned directly = =
to the circuit-breakers and controlled by - Uy, Uy or 4@&
main 1 and 2 line protection in parallel. U, or o N
In the event of a line fault, both adja- Uppz ULy ~ A
cent circuit-breakers have to be tripped line 1
by the line protection. The sequence of 7VK61 L 7SD5
auto-reclosure of both circuit-breakers —‘

or, alternatively, the auto-reclosure of
only one circuit-breaker and the manual I:
closure of the other circuit-breaker, may

be made selectable by a control switch.

7SA522 or

s

Tt

52

II_,| LI

1906

* A coordinated scheme of control
circuits is necessary to ensure selective

Uy, orU;,or

(_ BB1 YUBB2
tripping interlocking and reclosing of ! -
the two circuit-breakers of one line (or K_ A i Line 2
transformer feeder). C U ~ /A

e The voltages for synchrocheck have to ) .
be selected according to the circuit- I::|52 t—————— Main 1 E’;?if;:;g:’r;é'r”e 2
breaker and disconnector (isolator) Main 2 ’

- if applicable)
position by a voltage replica circuit. C
. Uggy ¢
General notes for Fig. 2/49: -
* In this optimized application, the 7VK61 e { BB2
is only used for the center breaker. In ]
the line feeders, functions 25, 79 and - 75552

BF are also performed by transmission

line protection 7SA522 or 7SA6. Fig. 2/49 Transmission line, breaker-and-a-half terminal,

using 1 breaker management relay 7VK61
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2. Transformers

. HV infeed
Small transformer infeed
52
General notes: %

* Ground faults on the secondary side are detected by current B> D>t Ip> 9> Lt
relay 51N. However, it has to be time-graded against down-

stream feeder protection relays. E ‘-‘-m

* The restricted ground-fault relay 87N can optionally be applied

75)80

to achieve fast clearance of ground faults in the transformer A
secondary winding. .
SIPROTEC 7SJ80 is of the high-impedance type and requires

class x CTs with equal transformation ratios. * {

Optional resistor
or reactor
e

I aaliaally

N

* Primary circuit-breaker and relay may be replaced by fuses.

I1>>

___'___

52 | 75)80 ‘

X
\l Ig> 75180

T ° Distribution bus
\*52 R IR

oIC Fuse
relay

Load Load

Fig. 2/50 Small transformer infeed

Large or important transformer infeed

HV infeed
General note:

* Relay 7UT612 provides numerical ratio and vector group *l =2

adaptation. Matching transformers as used with traditional
. I>> D>yt Ip> 9> D>t
relays are therefore no longer applicable.

Notes: B

75J80
1) If an independent high-impedance-type ground-fault function g_
is required, the 7SJ6x or 75J80 can be used instead of the 87N B
inside the 7UT612. However, class x CT cores would also be ‘A
necessary in this case (see small transformer protection). . ;
_ 1
2) 51 and 51N may be provided in a separate 75J80 or 75J61 if A .___i—ﬂ
required. —‘—‘—E‘
2) 2)

& ON T

It Ig>t 7UT612

o Load b
T52 T52 oad bus
% X

A
T

Load Load

52

Fig. 2/51 Large or important transformer infeed
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Dual infeed with single transformer

General notes:

e Line CTs are to be connected to separate stabilizing inputs of
the differential relay 87T in order to ensure stability in the
event of line through-fault currents.

* Relay 7UT613 provides numerical ratio and vector group
adaptation. Matching transformers, as used with traditional
relays, are therefore no longer applicable.

Parallel incoming transformer feeders

Note:

The directional functions 67 and 67N do not apply for cases
where the transformers are equipped with the transformer
differential relays 87T.

Parallel incoming transformer feeders with bus tie

General notes:

e Overcurrent relay 51, 51N each connected as a partial differ-
ential scheme. This provides simple and fast busbar protection
and saves one time-grading step.

Protection line 1
same as line 2
220

Protection line 2
r 21/121N or 87L + 51 + optionally 67/67N

D> Iyt Ip>t 9> I,>

75)61 or 75J80

_ X “
——M 7UT613

D> Ip>

a 7580
a “
52
Load
@52 @52 @52 bus
Load Load Load
Fig. 2/52 Dual infeed with single transformer
HV infeed 1 HV infeed 2

N

I>> D>t Ip>t 9> >t

¢
d
75J)61 or 75J80 i
Protection
= . same as
e
. >, t Ip>, t I> N>
@
(@)
. 75J62
= Ip>t 75180
1) * J

(U VAN
Am
|§/:|52 |§:| 52 |§/:|52 bus
Load Load Load

Fig. 2/53 Parallel incoming transformer feeders

Infeed 1 D> I> t Ip>t 9> 1>t Infeed 2

7580
It Ip> t| |Ip>, t 1>, 1
75J80 75J80

52 52

Ll SZNIN
52 L] 52
Load Load

Fig. 2/54 Parallel incoming transformer feeders with bus tie
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Three-winding transformer
Notes:

1) The zero-sequence current must be blocked before entering
the differential relay with a delta winding in the CT connec-
tion on the transformer side with grounded starpoint. This
is to avoid false operation during external ground faults
(numerical relays provide this function by calculation). About
30 % sensitivity, however, is then lost in the event of internal
faults. Optionally, the zero-sequence current can be regained
by introducing the winding neutral current in the differential
relay (87T). Relay type 7UT613 provides two current inputs
for this purpose. By using this feature, the ground-fault
sensitivity can be upgraded again to its original value.
Restricted ground-fault protection (87T) is optional. It
provides backup protection for ground faults and increased
ground-fault sensitivity (about 10 % Iy, compared to about 20
to 30 % I of the transformer differential relay).

Separate class x CT-cores with equal transmission ratio are
also required for this protection.

2) High impedance and overcurrent in one 7SJ61.

General notes:

¢ In this example, the transformer feeds two different distribu-
tion systems with cogeneration. Restraining differential relay
inputs are therefore provided at each transformer side.

* If both distribution systems only consume load and no
through-feed is possible from one MV system to the other,
parallel connection of the CTs of the two MV transformer
windings is admissible, which allows the use of a two-winding
differential relay (7UT612)

Autotransformer
Notes:

1) 87N high-impedance protection requires special class x
current transformer cores with equal transformation ratios.

2) The 75J80 relay can alternatively be connected in series with
the 7UT613 relay to save this CT core.

General note:

e Two different protection schemes are provided: 87T is chosen
as the low-impedance three-winding version (7UT613).
87N is a 1-phase high-impedance relay (Reyrolle 7SR23) con-
nected as restricted ground-fault protection. (In this example,
it is assumed that the phase ends of the transformer winding
are not accessible on the neutral side, that is, there exists a CT
only in the neutral grounding connection.).

HV Infeed

75180 A . 75180
L —_H —_ )

. - 7UT613
|
: ‘ 7SR23?
I 1
| T
| |
b C ]
: E:‘} I>t Ip>,t E:‘ I>, t Ip>,t
! [ [N
| g 75161
I or 75J80 75)80?
M.V. M.V.
52 52 52 52
Load Backfeed Load Backfeed
Fig. 2/55 Three-winding transformer
52
75J61 or 75J80 ac_Jl
1)&_ 1
f 52

@@

7UT613

cH

52
? If‘\l
A \JJAJ
A —r
JAN

7RWS80 75J80"

Fig. 2/56 Autotransformer

W)

75J80"
*) Alternatives: 7SJ61
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Large autotransformer bank

General notes:

¢ The transformer bank is connected in a breaker-and-a-half
arrangement.
Duplicated differential protection is proposed:

Main 1: Low-impedance differential protection 87TL (7UT613)
connected to the transformer bushing CTs.

Main 2: High-impedance differential overall protection 87TL
(Reyrolle 7SR23). Separate class x cores and equal CT ratios are
required for this type of protection.

Backup protection is provided by distance protection relay
(7SA52 and 7SA6), each “looking” with an instantaneous first
zone about 80 % into the transformer and with a time-delayed
zone beyond the transformer.

The tertiary winding is assumed to feed a small station supply
system with isolated neutral.

3. Motors
Small and medium-sized motors < about 1 MW
a) With effective or low-resistance grounded infeed (I¢ = Iy yiotor)

General note:

* Applicable to low-voltage motors and high-voltage motors
with low-resistance grounded infeed (I = I\ yiotor)

b) With high-resistance grounded infeed (I < Iy yiotor)

Notes:

1) Core-balance CT.

2) Sensitive directional ground-fault protection (67N) only
applicable with infeed from isolated or Petersen coil grounded
system (for dimensioning of the sensitive directional ground-
fault protection, see also application circuit page 2/33 and
Fig. 2/66)

3) The 7SK80 relay can be applied for isolated and compensated
systems.

75V600 75A52/6 75V600
A w—" —
52 52
EHv-bqu-E;mm AP

ROV
,Lm
3x 75V600
7SR23
[ -
‘_‘__'3 E 7SA52/6
wie| | & 0 -
52
_E . YLy *N]\A
\J\IAJ I i E-
A s
A — E: —
a 52
75V600
7RWS0 75J80") 1 75180
) *) Alternatives: 75J61
Fig. 2/57 Large autotransformer bank
52
;3
I>> Ip> 0> I,>
Q 75)61/7SK80
Fig. 2/58 Motor protection with effective or low-resistance grounded
infeed
52
A
I> 9> I,> I< v
/V‘{Y‘\ /\
06060
2 I
7XR96 > 2) |
1
60/1A 3)
75)62/7SK80

Fig. 2/59 Motor protection with high-resistance grounded infeed

Siemens SIP - Edition No. 8

2/29



2/30

Overview

Typical protection schemes

Large HV motors > about 1 MW
Notes:
1) Core-balance CT.

2) Sensitive directional ground-fault protection (67N) only
applicable with infeed from isolated or Petersen coil grounded
system.

3) This function is only needed for motors where the startup
time is longer than the safe stall time ;. According to
IEC 60079-7, the t; time is the time needed to heat up AC
windings, when carrying the starting current I, from the
temperature reached in rated service and at maximum ambi-
ent air temperature to the limiting temperature. A separate
speed switch is used to supervise actual starting of the motor.
The motor circuit-breaker is tripped if the motor does not
reach speed in the preset time. The speed switch is part of
the motor supply itself.

4) Pt100, Ni100, Ni120

5) 49T only available with external temperature detector device
(RTD-box 7XV5662)

Cold load pickup

By means of a binary input that can be wired from a manual
close contact, it is possible to switch the overcurrent pickup
settings to less sensitive settings for a programmable amount

of time. After the set time has expired, the pickup settings auto-
matically return to their original setting. This can compensate for
initial inrush when energizing a circuit without compromising
the sensitivity of the overcurrent elements during steady-state
conditions.

52 vkL./ A
N i
JAN
I> 0> I,> U<
[ I Optional
> 2)
7XR96 £
D D@
60/1A
(Startup]
—-——-——F—rsuper- |
|visor 3)I 5) 7UM62
\ 3)
¢ Speed M RTD” s
switch optlonal
' a
(B
L4

Fig. 2/60 Protection of large HV motors > about 1 MW

52 .
Trip

I>>t I>t
K @
A Binary input [571
= (1727 > clo) u Trip
Desensitized 512
52 during inrush | 7561 or 75180
Busbar
. 52 52 52 52
Trip
I>>t I>t
. . Typical feeder
—_— L
Binary input |s; 1 . (1727?Cl0=cold
a727>clo) | load pickup of over-
51— current pickup)
75161 or 7SK80
Fig. 2/61 Cold load pickup
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4. Generators

Generators < 500 kW (Fig. 2/62 and Fig. 2/63) _ v

Note: _L

If a core-balance CT is provided for sensitive ground-fault -

protection relay 75J80 with separate ground-current input can I Ip>t  I> 9>
Generators, typically 1-3 MW 75180
(Fig. 2/164)

Note: Fig. 2/62 Generator with solidly grounded neutral

Two VTs in V connection are also sufficient.

Generators > 1-3 MW

. MV
(Fig. 2/65)
Notes:
1) Functions 81 and 59 are required only where prime mover I> 1>t 1> 9>
Generator 2
can assume excess speed and the voltage regulator may _._‘_‘
permit rise of output voltage above upper limit. J_ 1)

75J80

2) Differential relaying options:
— Low-impedance differential protection 87.
— Restricted ground-fault protection with low-resistance
grounded neutral (Fig. 2/64). =

R,= Uy

[
3 (0.5t0 1) Iraed

Fig. 2/63 Generator with resistance-grounded neutral

MV
52 52
3¢ "
j t e I>/U<
a
AA g ® -
. 1
Field * * 2)
fz 1 . Al
@) @
‘ Rg piela<
O
& &) () ) @ &
i I>t 9> I,> P> U> a
’ 2 €
Lo | 1>, t L4 | Ioo t
e 4 :
< T D) &
7UM61
Q Q 7UM62
Fig. 2/64 Protection for generators 1-3 MW Fig. 2/65 Protection for generators >1-3 MW
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Generators > 5-10 MW feeding into a system

with isolated neutral
(Fig. 2/66)

General notes:

* The setting range of the directional ground-fault protection
(67N) in the 7UMG6 relay is 2—1,000 mA. Depending on the
current transformer accuracy, a certain minimum setting is

required to avoid false operation on load or transient currents.
* In practice, efforts are generally made to protect about 90 % of

the machine winding, measured from the machine terminals.
The full ground current for a terminal fault must then be ten

times the setting value, which corresponds to the fault current

of a fault at 10 % distance from the machine neutral.

Relay ground-current input
connected to:

Minimum relay
setting:

Comments:

Core-balance CT 60 /1 A:

1 single CT 2mA

2 parallel CTs 5 mA

3 parallel CTs 8 mA

4 parallel CTs 12 mA

Three-phase CTs in residual 1ACT: 50 mA In general not

(Holmgreen) connection 5A CT: 200 mA suitable for sensi-
tive ground-fault
protection

Three-phase CTs in 2—3 %o of 1 A CTs are not

residual (Holmgreen)

secondary rated

recommended in

For the most sensitive setting of 2 mA, we therefore need 20 mA
secondary ground current, corresponding to (60/1) x 20 mA =
1.2 A primary.

If sufficient capacitive ground current is not available, an
grounding transformer with resistive zero-sequence load can
be installed as ground-current source at the station busbar. The
smallest standard grounding transformer TGAG 3541 hasa 20 s
short-time rating of input connected to: S, = 27 kVA

Ina 5 kV system, it would deliver:

v3-S; V327,000 VA

Ig 205 = d -
6205 5,000 V

corresponding to a relay input current of 9.4 Ax 1/60 A =

156 mA. This would provide a 90 % protection range with a
setting of about 15 mA, allowing the use of 4 parallel connected
core-balance CTs. The resistance at the 500 V open-delta
winding of the grounding transformer would then have to be
designed for

Ry = U25¢/Sg = 500 U2/27,000 VA = 9.26 Q (27 kW, 20 s)

For a 5 MVA machine and 600/5 A CTs with special calibration
for minimum residual false current, we would get a secondary
current of I g¢c = 9.4 A/(600/5) =78 mA.

9.4A

With a relay setting of 12 mA, the protection range would in

this case be 100 (1—2) =85 %.
78

connection with special Cll G g | B0 EE5E
factory calibration 10=15 mA with
"y . 5ACTs
to minimum residual false
currents (< 2 mA)
152 NANIE)
Earthing transformer T
Uy /100 ;500
D 10050 5
N3/ N3 AT

RB\

‘ I>/U<

AL\
Redundant - . g
protection Ig 1
U< Ji
U>
I,> 2
-P L.O.F. I>t, U<
7UM61 or 7UM62 <; . 2)
S
L

Fig.

2/66 Protection for generators >5-10 MW

7UM62

e e e e e e e e e S e e e e e e e e e e e e
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Notes (Fig. 2/66):

1) The standard core-balance CT 7XR96 has a transformation
ratio of 60/1 A.

2) Instead of an open-delta winding at the terminal VT,
a 1-phase VT at the machine neutral could be used as zero-
sequence polarizing voltage.

3) The grounding transformer is designed for a short-time rating
of 20 s. To prevent overloading, the load resistor is automati-
cally switched off by a time-delayed zero-sequence voltage
relay (59N + 62) and a contactor (52).

4) During the startup time of the generator with the open
circuit-breaker, the grounding source is not available. To
ensure ground-fault protection during this time interval, an
auxiliary contact of the circuit-breaker can be used to change
over the directional ground-fault relay function (67N) to a
zero-sequence voltage detection function via binary input.

Generators > 50-100 MW in generator transformer
unit connection

(Fig. 2/167)
Notes:

1) 100 % stator ground-fault protection based on 20 Hz voltage
injection

2) Sensitive rotor ground-fault protection based on 1- 3 Hz
voltage injection

3) Non-electrical signals can be incoupled in the protection via
binary inputs (BI)

4) Only used functions shown; further integrated functions
available in each relay type; for more information, please refer
to part 1 of this catalog.

D
D
52
Unit Transf. fault press
3)
trans. K7
==k > ‘ Qil low
d 7 N\
@
| A g
: A
L__p Transf. neut. OC
i Unit aux.
L backup
Unit diff.

Overfreq.

_‘

Volt/Hz

Reverse
power

2)
Field | Field E:—‘—‘
grd. | grd. 5 Neg. S
D seq. backup
L ¢ |
Gen.
7 neut. OV

Fig. 2/67 Protections for generators > 50 MW

- Number
elay . of relays
type Functions® required

‘ ‘ via Bl:
7UMET or @) @) optionally
7UT612 ‘ ‘
7UT613 ‘ 1

Fig. 2/68 Assignment for functions to relay type

optionally

[N
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Synchronization of a generator 8
us

Fig. 2/169 shows a typical connection for synchronizing a genera- LL
tor. Paralleling device 7VE6 acquires the line and generator

voltage, and calculates the differential voltage, frequency and
phase angle. If these values are within a permitted range, a
CLOSE command is issued after a specified circuit-breaker make 7VE6
time. If these variables are out of range, the paralleling device vz
automatically sends a command to the voltage and speed 08 %:. UTLl [T
controller. For example, if the frequency is outside the range, an

actuation command is sent to the speed controller. If the voltage

is outside the range, the voltage controller is activated. ;
<G> C

Fig. 2/69 Synchronization of a generator

5. Busbars
. . Infeed
Busbar protection by overcurrent relays with reverse
interlocking Reverse interlocking
F———————————— 1
General note: T
I>t ! I>t

* Applicable to distribution busbars without substantial
(< 0.25 x I) backfeed from the outgoing feeders.

R
ul
N
~N
wv
-
o
(=]

52 52 52
% X

L
L
L
L —

I> I>t I> I>t I> I>t

| 75J80 | 75J80 | 75J80
| |

| 3 N

Distributed busbar protection 75552

General notes:

e Suitable for all types of busbar schemes.

¢ Preferably used for multiple busbar schemes where a discon-
nector (isolator) replica is necessary.

e The numerical busbar protection 75552 provides additional

breaker failure protection. & ‘
* Different CT transformation ratios can be adapted numerically. ¢
* The protection system and the disconnector (isolator) replica ‘

are continuously self-monitored by the 7SS52. ‘—
* Feeder protection can be connected to the same CT core. ‘_

1
755523[FO 755523[FO 755523|FO 755523[FO
|
Central unit 755522

Fig. 2/71 Distributed busbar protection 75552
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Overview

Typical protection schemes

6. Power systems
Load shedding

In unstable power systems (e.g., isolated systems, emergency
power supply in hospitals), it may be necessary to isolate
selected loads from the power system to prevent overload of the
overall system. The overcurrent-time protection functions are
effective only in the case of a short-circuit.

Overloading of the generator can be measured as a frequency or
voltage drop.

(Protection functions 27 and 81 available in 7RW80, 7SJ6 and
75J8.)

Load shedding with rate-of-frequency-change protection

The rate-of-frequency-change protection calculates, from the
measured frequency, the gradient or frequency change df/dt.

It is thus possible to detect and record any major active power
loss in the power system, to disconnect certain consumers
accordingly and to restore the system to stability. Unlike fre-
quency protection, rate-of-frequency-change protection reacts
before the frequency threshold is undershot. To ensure effective
protection settings, it is recommended to consider requirements
throughout the power system as a whole. The rate-of-frequency-
change protection function can also be used for the purposes of
system decoupling.

Rate-of-frequency-change protection can also be enabled by an
underfrequency state.

Trip circuit supervision (ANSI 74TC)

One or two binary inputs can be used for the trip circuit
supervision.

Ubererregungsschutz
U>, t; U>>, t Ulf >, t; UlIf >>, t; UIf=f(t)
[ k—

Motorschutz ohne
A Wiedereinschaltverriegelung

>t f<,t U<, t U>t;U>>t

7RW80

%
3
%

7RW80

Weiteres

Netz %

i

>t f<, ;U< t U> t;U>>{

7RW80, 75J62 oder 75J80

>t <, ;U< t U> t;U>>,

7RW80 oder 75J62

Entkopplung

Lastabwurf

Fig. 2/72 Load shedding

48 T

t—»

Vev
L+
7SJx, 7SAX, 7SDx 7SJx, 7SAX, 7SDx
orany other M orany other L Trip
protective TCo L g| 1 Protective | circuit
relay relay L faulty

TCo Trip contact of the relay

Bl Binary input of the relay

TC Trip coil

Aux Circuit-breaker auxiliary
contact

R Equivalent resistor instead
of BI 2

Ucv Control voltage
CB Circuit-breaker

B

Fig. 2/74 Trip circuit supervision (ANSI 74TC)
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Overview

Typical protection schemes

Disconnecting facility with flexible protection function

General note: 22
CB1
The SIPROTEC protection relay 7SJ64 disconnects the Connection to power utility
switchgear from the utility power system if the generator sWi'tc:'_sttTn{e:\,\]itc_hg}e?\,\;im_al]m_no}ﬂ,; supply

disconnector =

1)

feeds energy back into the power system (protection function
Proverse™)- This functionality is achieved by using flexible protec-
tion. Disconnection also takes place in the event of frequency
or voltage fluctuations in the utility power system (protection
functions f<, >, U<, U>, 1y;,>, Igi>! 81, 27,59, 67, 67N).

7UT612

Notes: ——H"

<>

1) The transformer is protected by differential protection and
inverse or definite-time overcurrent protection functions
for the phase currents. In the event of a fault, the circuit-
breaker CB1 on the utility side is tripped by a remote link. B2|\-t------- CB3
Circuit-breaker CB2 is also tripped.

52

I

I

| |

2) Overcurrent-time protection functions protect feeders 1 and E i
2 against short-circuits and overload caused by the con- !
nected loads. Both the phase currents and the zero currents 75"61 f< B> U< U> Sync. I>gi Ip>air
of the feeders can be protected by inverse and definite-time g ...... .
overcurrent stages. The circuit-breakers CB4 and CB5 are
tripped in the event of a fault. Busbar

75161/ |2) 751611 | 2)
q 7580 q 7580

i i
q q

Feeder 1 Feeder 2

Fig. 2/75 Example of a switchgear with autonomous generator supply
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Protection coordination

Typical applications and functions

Relay operating characteristics and their settings must be
carefully coordinated in order to achieve selectivity. The aim is
basically to switch off only the faulty component and to leave
the rest of the power system in service in order to minimize
supply interruptions and to ensure stability.

Sensitivity

Protection should be as sensitive as possible in order to detect
faults at the lowest possible current level. At the same time,
however, it should remain stable under all permissible load,
overload and through-fault conditions. For more information:
http://www.siemens.com/systemplanning. The Siemens engi-
neering programs SINCAL and SIGRADE are especially designed
for selective protection grading of protection relay systems. They
provide short-circuit calculations, international standard charac-
teristics of relays, fuses and circuit-breakers for easy protection
grading with respect to motor starting, inrush phenomena, and
equipment damage curves.

Phase-fault overcurrent relays

The pickup values of phase overcurrent relays are normally set
30 % above the maximum load current, provided that sufficient
short-circuit current is available. This practice is recommended
particularly for mechanical relays with reset ratios of 0.8 to
0.85. Numerical relays have high reset ratios near 0.95 and
allow, therefore, about a 10 % lower setting. Feeders with high
transformer and/or motor load require special consideration.

Transformer feeders

The energizing of transformers causes inrush currents that may
last for seconds, depending on their size (Fig. 2/75). Selection
of the pickup current and assigned time delay have to be
coordinated so that the inrush current decreases below the
relay overcurrent reset value before the set operating time has
elapsed. The inrush current typically contains only about a 50 %
fundamental frequency component. Numerical relays that filter
out harmonics and the DC component of the inrush current can
therefore be set to be more sensitive. The inrush current peak
values of Fig. 2/76 will be reduced to more than one half in this
case. Some digital relay types have an inrush detection function
that may block the trip of the overcurrent protection resulting
from inrush currents.

Protection coordination

12.0
AT 11.0 —
st 10,01
N gp
8.0
7.0
6.0
5.0
4.0 L
3.0 -
2.0
1.0

2 10 100

Rated transformer power (MVA) —=

400

Time constant of inrush current

Nominal power (MVA) 05..1.0 1.0...10 >10

Time constant (s) 0.16...0.2 0.2..1.2 1.2...720

Fig. 2/76 Peak value of inrush current

Ground-fault protection relays

Ground-current relays enable a much more sensitive setting,
because load currents do not have to be considered (except
4-wire circuits with 1-phase load). In solidly and low-resistance
grounded systems, a setting of 10 to 20 % rated load current
can generally be applied. High-resistance grounding requires

a much more sensitive setting, on the order of some amperes
primary. The ground-fault current of motors and generators,

for example, should be limited to values below 10 A in order

to avoid iron burning. In this case, residual-current relays in

the start point connection of CTs cannot be used; in particular,
with rated CT primary currents higher than 200 A. The pickup
value of the zero-sequence relay would be on the order of the
error currents of the CTs. A special core-balance CT is therefore
used as the ground-current sensor. The core-balance CT 7XR96
is designed for a ratio of 60/1 A. The detection of 6 A primary
would then require a relay pickup setting of 0.1 A secondary. An
even more sensitive setting is applied in isolated or Petersen coil
grounded systems where very low ground currents occur with
1-phase-to-ground faults. Settings of 20 mA and lower may then
be required depending on the minimum ground-fault current.
Sensitive directional ground-fault relays (integrated into the
relays 75J62, 63, 64, 75J80, 7SK80, 7SA6) allow settings as

low as 5 mA.
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Protection coordination

Motor feeders

The energization of motors causes a starting current of initially
5 to 6 times the rated current (locked rotor current).

A typical time-current curve for an induction motor is shown in
Fig. 2/177.

In the first 100 ms, a fast-decaying asymmetrical inrush current
also appears. With conventional relays, it was common practice
to set the instantaneous overcurrent stage of the short-circuit
protection 20 to 30 % above the locked rotor current with a
short-time delay of 50 to 100 ms to override the asymmetrical
inrush period.

Numerical relays are able to filter out the asymmetrical current
component very rapidly so that the setting of an additional time
delay is no longer applicable.

The overload protection characteristic should follow the thermal
motor characteristic as closely as possible. The adaptation is
made by setting the pickup value and the thermal time constant,
using the data supplied by the motor manufacturer. Further-
more, the locked-rotor protection timer has to be set according
to the characteristic motor value.

Time grading of overcurrent relays (51)

The selectivity of overcurrent protection is based on time grad-
ing of the relay operating characteristics. The relay closer to the
infeed (upstream relay) is time-delayed against the relay further
away from the infeed (downstream relay). The calculation of
necessary grading times is shown in Fig. 2/79 by an example for
definite-time overcurrent relays.

The overshoot times take into account the fact that the measur-
ing relay continues to operate due to its inertia, even if when

the fault current is interrupted. This may be high for mechanical
relays (about 0.1 s) and negligible for numerical relays (20 ms).

Inverse-time relays (51)

For the time grading of inverse-time relays, in principle the same
rules apply as for the definite-time relays. The time grading is
first calculated for the maximum fault level and then checked for
lower current levels (Fig. 2/78).

If the same characteristic is used for all relays, or if when the
upstream relay has a steeper characteristic (e.g., very much
over normal inverse), then selectivity is automatically fulfilled at
lower currents.

Differential relay (87)

Transformer differential relays are normally set to pickup values
between 20 and 30 % of the rated current. The higher value has
to be chosen when the transformer is fitted with a tap changer.

Restricted ground-fault relays and high-resistance motor/gen-
erator differential relays are, as a rule, set to about 10 % of the
rated current.
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Fig. 2/77 Typical motor current-time characteristics

Time
,}A
Vet | 0.2-0.4 seconds
ain \‘f
|
I Feeder

Maximum feeder fault IeveI? Current —=

Fig. 2/78 Coordination of inverse-time relays

Instantaneous overcurrent protection (50)

This is typically applied on the final supply load or on any
protection relay with sufficient circuit impedance between

itself and the next downstream protection relay. The setting at
transformers, for example, must be chosen about 20 to 30 %
higher than the maximum through-fault current. The relay must
remain stable during energization of the transformer.



Calculation example

The feeder configuration of Fig. 2/80 and the associated load

and short-circuit currents are given. Numerical overcurrent relays

75J80 with normal inverse-time characteristics are applied.

The relay operating times, depending on the current, can be
derived from the diagram or calculated with the formula given in
Fig. 2/81.

The Iy settings shown in Fig. 2/80 have been chosen to get
pickup values safely above maximum load current.

This current setting should be lowest for the relay farthest
downstream. The relays further upstream should each have
equal or higher current settings.

The time multiplier settings can now be calculated as follows:

Station C:

 For coordination with the fuses, we consider the fault in loca-
tion F1.
The short-circuit current I, . max. related to 13.8 kV is 523 A.
This results in 7.47 for 171, at the overcurrent relay in
location C.

* With this value and T, = 0.05, an operating time of t{, =0.17 s
can be derived from Fig. 2/81.

* This setting was selected for the overcurrent relay to get a safe
grading time over the fuse on the transformer low-voltage
side. Safety margin for the setting values for the relay at sta-
tion C are therefore:

e Pickup current: Ip/IN =0.7
e Time multiplier: Tp =0.05.

Station B:

The relay in B has a primary protection function for line B-C and
a backup function for the relay in C. The maximum through-fault
current of 1.395 A becomes effective for a fault in location F2.
For the relay in C, an operating time time of 0.11 s (I/I, = 19.93)
is obtained.

It is assumed that no special requirements for short operating
times exist and therefore an average time grading interval of
0.3 s can be chosen. The operating time of the relay in B can

then be calculated.

®;=0.11+03=041s

1,395 A

® Value of I/ /I =
P 220A

= 6.34 (Fig. 2/80)

® With the operating time 0.41 s and I /I = 6.34,
T,,=0.11 can be derived from Fig. 2/81.

Protection coordination

5OM Operating time
,%
77777777 - ————1
I
52F 52F :
I
l
@ S o N
é f 0.2-0.4
Time grading
Fault Fault Interruption of
inception detection fault current
[&— tsiF Usor

Fac

Circuit-breaker
interruption time

Set time delay

|Overshoot*

| tos . Margin ty
I> ,
I
Usim
*also called overtravel or coasting time
Time grading

ls=lsam ~ ls1p =lsop + los + Uy

Example 1 t76=0.105+0.155+0.155=0.40s
Oil circuit-breaker ts5p=0.10's

Mechanical relays los=0.15s

Safety margin for

measuring errors, etc. ty=0.15s

Example 2 t;g=0.08+0.02+0.10=0.20 s
Vacuum circuit-breaker l55r =0.08 s

Numerical relays tos=0.02's

Safety margin ty=0.10s

Fig. 2/79 Time grading of overcurrent-time relays

) ———— Load
13.8kV/| Fuse:
A Fs B F3 C F2 04k : F
A 4 =
( Pyrwe 1l i e L e € D = S
13.8 kV 625 kVA| LV. 75
50% —f—F—= Load
75J80 75J80 75J80
Station Max. Igcc cT I ™ Isce. max
load max* ratio Iy =———
A A A prim
A 300 4,500 400/5 1.0 400 11.25
B 170 2,690 200/5 1.1 220 12.23
C 50 1,395 100/5 0.7 70 19.93
D = 523 = = = =
*) Iscc max = Maximum short-circuit current
**) I,/ = Relay current multiplier setting
*xE) - = Primary setting current corresponding to I /Iy

Fig. 2/80 Time grading of inverse-time relays for a radial feeder
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Protection coordination

The setting values for the relay at station B are:
e Pickup current: I,/Iy = 1.1
e Time multiplier T,=0.11

Given these settings, the operating time of the relay in B for a
close fault in F3 can also be checked: The short-circuit current
increases to 2,690 A in this case (Fig. 2/80). The corresponding
11, value is 12.23.

e With this value and the set value of T,=0.11,an operating
time of 0.3 s is obtained again (Fig. 2/81).

Station A:

¢ Adding the time grading interval of 0.3 s, the desired operat-
ingitmeist,=0.3+0.3=0.65s.

Following the same procedure as for the relay in station B,
the following values are obtained for the relay in station A:

e Pickup current: IpIIN =1.0
¢ Time multiplier T, = 0.17

* For the close-in fault at location F4, an operating time of
0.48 s is obtained.

The normal way

To prove the selectivity over the whole range of possible short-
circuit currents, it is normal practice to draw the set of operating
curves in a common diagram with double log scales. These
diagrams can be calculated manually and drawn point-by-point
or constructed by using templates.

Today, computer programs are also available for this purpose.
Fig. 2/82 shows the relay coordination diagram for the selected
example, as calculated by the Siemens program SIGRADE
(Siemens Grading Program).

Note:

To simplify calculations, only inverse-time characteristics have
been used for this example. About 0.1 s shorter operating times
could have been reached for high-current faults by additionally
applying the instantaneous zones I>> of the 7SJ80 relays.

Coordination of overcurrent relays with fuses and
low-voltage trip devices

The procedure is similar to the above-described grading of
overcurrent relays. A time interval of between 0.1 and 0.2 s is
usually sufficient for a safe time coordination.

Strong and extremely inverse characteristics are often more
suitable than normal inverse characteristics in this case.
Fig. 2/83 shows typical examples.

Simple distribution substations use a power fuse on the
secondary side of the supply transformers (Fig. 2/83a).

In this case, the operating characteristic of the overcurrent relay
at the infeed has to be coordinated with the fuse curve.
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Fig. 2/81 Normal inverse-time characteristic of the 7SJ80 relay

Normal inverse
0.14

t=——
(I11,)007 =1

- To(s)

Strong inverse characteristics may be used with expulsion-type
fuses (fuse cutouts), while extremely inverse versions adapt
better to current limiting fuses.

In any case, the final decision should be made by plotting the
curves in the log-log coordination diagram.

Electronic trip devices of LV breakers have long-delay, short-
delay and instantaneous zones. Numerical overcurrent relays
with one inverse-time and two definite-time zones can closely
be adapted to this (Fig. 2/83b).



Protection coordination

Setting range
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Fig. 2/82 Overcurrent-time grading diagram
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e Inverse-time relay

Other u@u Fuse
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n
! LV bus
Fuse 0.2s
- T
Current —»
a) Maximum fault available at HV bus

¢ MV bus
Time Overcurrent relay
I1>, tq

Secondary
breaker - LV bus
Z
‘ Current —#=
b) Maximum fault level at MV bus

Fig. 2/83 Coordination of an overcurrent relay with an MV fuse and low-voltage breaker trip device

Coordination of distance relays

The distance relay setting must take into account the limited
relay accuracy, including transient overreach (5 %, according

to IEC 60255-6), the CT error (1 % for class 5P and 3 % for class
10P) and a security margin of about 5 %. Furthermore, the line
parameters are often only calculated, not measured. This is a
further source of errors. A setting of 80 to 85 % is therefore
common practice; 80 % is used for mechanical relays, while 85 %
can be used for the more accurate numerical relays.

Where measured line or cable impedances are available, the pro-
tected zone setting may be extended to 90 %. The second and
third zones have to keep a safety margin of about 15 to 20 %

to the corresponding zones of the following lines. The shortest
following line always has to be considered (Fig. 2/84).

As a general rule, the second zone should at least reach 20 %
over the next station to ensure backup for busbar faults, and the
third zone should cover the longest following line as backup for
the line protection.

Siemens SIP - Edition No. 8| 2/41



Protection coordination

Grading of zone times

The first zone normally operates undelayed. For the grading

of the time delays of the second and third zones, the same
rules as for overcurrent relays apply (Fig. 2/79, page 2/41). For
the quadrilateral characteristics (relays 7SA6 and 7SA5), only
the reactance values (X values) have to be considered for the
protected zone setting. The setting of the R values should cover
the line resistance and possible arc or fault resistances. The arc
resistance can be roughly estimated as follows:

2.51
I

m

SSC Min

Rppe =

I e = Arclength in mm
Iscc min = Minimum short-circuit current in kA

e Typical settings of the ratio R/ X are:
— Short lines and cables (= 10 km): R/X=2to 6
— Medium line lengths < 25 km: R/ X =2
— Longer lines 25 to 50 km: R/ X =1

Shortest feeder protectable by distance relays

The shortest feeder that can be protected by underreaching
distance zones without the need for signaling links depends on
the shortest settable relay reactance.

VT,

ratio

Relay Min o

ratio

Prim Min —

X

1 — Z2Prim Min

min X

'
Line

The shortest setting of the numerical Siemens relays is 0.05 Q
for 1 A relays, corresponding to 0.01 Q for 5 A relays. This allows
distance protection of distribution cables down to the range of
some 500 meters.

Breaker failure protection setting

Most numerical relays in this guide provide breaker failure (BF)
protection as an integral function. The initiation of the BF pro-
tection by the internal protection functions then takes place via
software logic. However, the BF protection function may also be
initiated externally via binary inputs by an alternate protection.
In this case, the operating time of intermediate relays (BFI time)
may have to be considered. Finally, the tripping of the infeeding
breakers requires auxiliary relays, which add a small time delay
(BFI) to the overall fault clearing time. This is particularly the
case with one-breaker-and-a-half or ring bus arrangements
where a separate breaker failure relay (7VK61) is used per
breaker (Fig. 2/79, Fig. 2/80).

The decisive criterion of BF protection time coordination is the
reset time of the current detector (50BF), which must not be
exceeded under any condition during normal current interrup-
tion. The reset times specified in the Siemens numerical relay
manuals are valid for the worst-case condition: interruption of a
fully offset short-circuit current and low current pickup setting
(0.1 to 0.2 times rated CT current).
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Fig. 2/85 Operating characteristics of Siemens distance relays

The reset time is 1 cycle for EHV relays (7SA6/52, 7VK61) and
1.5 to 2 cycles for distribution type relays (7SJ**).

Fig. 2/87 (next page) shows the time chart for a typical breaker
failure protection scheme. The stated times in parentheses apply
for transmission system protection and the times in square
brackets for distribution system protection.



High-impedance differential protection;
verification of design

The following design data must be established:
CT data

The prerequisite for high-impedance scheme is that all CTs
used for that scheme must have the same ratio. They should
also be of low leakage flux design according to Class PX of IEC
60044-1 (former Class X of BS 3938) or TPS of IEC 60044-6,
when used for high-impedance busbar protection scheme. When
used for restricted ground-fault differential protection of e.g. a
transformer winding especially in solidly grounded networks,
CTs of Class 5P according to IEC 60044-1 can be used as well.
In each case the excitation characteristic and the secondary
winding resistance are to be provided by the manufacturer. The
knee-point voltage of the CT must be at least twice the relay
pickup voltage to ensure operation on internal faults.

The relay

The relay can be either:

a) dedicated design high-impedance relay, e.g., designed as

a sensitive current relay Reyrolle 7SR23 with external series
resistor R,,,. If the series resistor is integrated into the relay, the
setting values may be directly applied in volts; or

b) digital overcurrent protection relay with sensitive current
input, like 7SJ6 or 7SR1 (Argus-C). To the input of the relay

a series stabilizing resistor R, will be then connected as a rule
in order to obtain enough stabilization for the high-impedance
scheme. Typically, a non-linear resistor V (varistor) will be also
connected to protect the relay and wiring against overvoltages.

Sensitivity of the scheme

For the relay to operate in the event of an internal fault, the
primary current must reach a minimum value to supply the relay
pickup current (I ), the varistor leakage current (I,,,) and the
magnetizing currents of all parallel-connected CTs at the set
pickup voltage. A low relay voltage setting and CTs with low
magnetizing current therefore increase the protection sensitivity

Stability during external faults

This check is made by assuming an external fault with maximum
through-fault current and full saturation of the CT in the faulty
feeder. The saturated CT is then substituted with its secondary
winding resistance Ry, and the appearing relay voltage Vi
corresponds to the voltage drop of the in-feeding currents
(through-fault current) across R and R,4. The current (volt-
age) at the relay must, under this condition, stay reliably below
the relay pickup value.

In practice, the wiring resistances R,,,4 may not be equal.

In this case, the worst condition with the highest relay voltage
(corresponding to the highest through-fault current) must be
sought by considering all possible external feeder faults.

Setting

The setting is always a trade-off between sensitivity and
stability. A higher voltage setting leads not only to enhanced
through-fault stability but also to higher CT magnetizing and
varistor leakage currents, resulting consequently in a higher
primary pickup current.

Protection coordination

P;: primary
protection

P,: alternate
protection

Fig. 2/86 Breaker failure protection, logic circuit
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. . . breaker failure
Normal interrupting time initiation time
Current (intermediate
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(50 BF)
Protect. Breaker inter. reset time Margin BFT =
breaker failure
time time tripping time
(1~) (2~) (1~) (2,5~) (auxilary relays,
[2~] [4~] [2~] [2,5~] if any)
(5~) (2~)
0,5~ 0,5~
[8~] [4~]
BFI BF timer (F) (62BF) BFT | Adjacent
breaker
Total breaker failure interrupting time int. time
(9~) [15~]
Fig. 2/87 Time coordination of BF time setting
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Ug==22 Uy,

Fig. 2/88 Principle connection diagram for high-impedance restricted
ground-fault protection of a winding of the transformer using
SIPROTEC digital overcurrent relay (e.g. 75J61)

Relay setting U, C B Varistor type
<125 450 0.25 600 A /S1/S256
125 -240 900 0.25 600 A /S1/5S1088
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Protection coordination

Calculation example:

Restricted ground fault protection for the 400 kV winding of 400 MVA
power transformer with I 440,y = 577 A installed in a switchgear with
rated withstand short-circuit current of 40 kA.

Given:

N =4 CTs connected in parallel; I,,/I;, =800 A/1 A - CT ratio;

U, =400V - CT Knee-point voltage;

I, = 20 mA - CT magnetizing current at Uy;

R =3 Q- CTinternal resistance;

Rieaq = 2 Q — secondary wiring (lead) resistance

Relay: 7SJ612; Time overcurrent 1Phase input used with setting range
I, =0.003 Ato 1.5 Ain steps of 0.001 A; relay internal burden
Rielay = 50 MQ

Stability calculation

U,

s,min — Ik, max, thr

Ilpi:(RCT+Rlead) = 10,000 81ﬁ (3+2)=62.6 V

With I o thy taken as 16 - I, 4o0y = 16 - 577 A=9,232 A, rounded up to 10 kA.
The actual stability voltage for the scheme U, can be taken with enough
safety margin as Ug= 130V (remembering that 2U, < U}).

Fault setting calculation

For the desired primary fault sensitivity of 125 A, which is approx. 22 %

of the rated current of the protected winding I, 440,y (i-€. [ =125A)

A - p.des
the following current setting can be calculated:

S

I
LN,
pn k

I =1

set

125 _ 400222 _013A
RS B 800 T 400

Stabilizing resistor calculation

From the U, and I, values calculated above the value of the stabilizing
resistor Ry, can be calculated:

130

S
Ry =7~ Rretay =573~ 0:05 == 10000

set

sta

where the relay resistance can be neglected.
The stabilizing resistor R, can be chosen with a necessary minimum
continuous power rating Pg.p,cont OF:

U2 1302

P =
stab,cont
Rst b

A higher voltage setting also requires a higher knee-point voltage
of the CTs and therefore greater size of the CTs. A sensitivity of 10
to 20 % of I, (rated current) is typical for restricted ground-fault
protection. With busbar protection, a pickup value = I, is normally
applied. In networks with neutral grounding via impedance the
fault setting shall be revised against the minimum ground fault
conditions.

Non-linear resistor (varistor)

Voltage limitation by a varistor is needed if peak voltages near
or above the insulation voltage (2 kV ... 3 kV) are expected. A
limitation to U, = 1,500 V is then recommended. This can be
checked for the maximum internal fault current by applying the
formula shown for U, ,, jelay- A restricted ground-fault protection
may sometimes not require a varistor, but a busbar protection in
general does. However, it is considered a good practice to equip
with a varistor all high impedance protection installations. The
electrical varistor characteristic of a varistor can be expressed as
U = CIPwhere C and B are the varistor constants.
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Moreover, R, must have a short time rating large enough to withstand
the fault current levels before the fault is cleared. The time duration of
0.5 seconds can be typically considered (P, o5) to take into account
longer fault clearance times of back-up protection.

The rms voltage developed across the stabilizing resistor is decisive for
the thermal stress of the stabilizing resistor. It is calculated according to
formula:

i
U ooy = 1.3 g‘/UB- Ry Lo == =1.3-4/400°- 1000- 50 =1738.7 V
| 1 1 I
pn

The resulting short-time rating P, 0.5 s equals to:

Urms,relay2 1 7392
Pstah,O.Ss = T = 1000

Check whether the voltage limitation by a varistor is required

=3023 W

stab

The relay should normally be applied with an external varistor which should
be connected across the relay and stabilizing resistor input terminals. The
varistor limits the voltage across the terminals under maximum internal
fault conditions. The theoretical voltage which may occur at the terminals
can be determined according to following equation:

I 1

Wh v i ="h max,inti] (Rrelay + Rgiap) = 40,000 —— (0.05+1000) = 50003 V
Iy 800

with I 1o ine taken as the rated short-circuit current of the switchgear = 40 kA.

The resulting maximum peak voltage across the panel terminals
(i.e. tie with relay and Rstab connected in series):

U preretny = 2W/2Uk(Uk'max'im) =2,/2- 400(50003 - 400) = 12600 V

Since U, > 1.5 kV the varistor is necessary.

max, relay

Exemplarily, a METROSIL of type 600A/S1/Spec.1088 can be used
(f=0.25, C=900).
This Metrosil leakage current at voltage setting U, =130 V equals to

U 2\1/8
Iys = 0.52 (% =0.91 mA

and can be neglected by the calculations, since its influence on the
proposed fault-setting is negligible.

CT requirements for protection relays
Instrument transformers

Instrument transformers must comply with the applicable
IEC recommendations IEC 60044 and 60186 (PT),
ANSI/IEEE C57.13 or other comparable standards.

Voltage transformers (VT)

Voltage transformers (VT) in single-pole design for all primary
voltages have typical single or dual secondary windings of

100, 110 or 115 V/¥3 with output ratings between 10 and

50 VA suitable from most application with digital metering and
protection equipment, and accuracies of 0.1 % to 6 % to suit the
particular application. Primary BIL values are selected to match
those of the associated switchgear.

Current transformers

Current transformers (CT) are usually of the single-ratio type
with wound or bar-type primaries of adequate thermal rating.
Single, double or triple secondary windings of 1 or 5 A are stan-
dard. 1 A rating should, however, be preferred, particularly in HV
and EHV stations, to reduce the burden of the connected lines.
Output power (rated burden in VA), accuracy and saturation
characteristics (rated symmetrical short-circuit current limiting



factor) of the cores and secondary windings must meet the
requirements of the particular application.The CT classification
code of IEC is used in the following:

e Measuring cores
These are normally specified 0.2 % or 0.5 % accuracy (class 0.2
or class 0.5), and an rated symmetrical short-circuit current
limiting factor FS of 5 or 10.
The required output power (rated burden) should be higher
than the actually connected burden. Typical values are 2.5, 5
or 10 VA. Higher values are normally not necessary when only
electronic meters and recorders are connected.
A typical specification could be: 0.5 FS 10, 5 VA.

Cores for billing values metering
In this case, class 0.25 FS is normally required.

Protection cores

The size of the protection core depends mainly on the maxi-
mum short-circuit current and the total burden (internal CT
burden, plus burden of connected lines plus relay burden)
Furthermore, a transient dimensioning factor has to be
considered to cover the influence of the DC component in the
short-circuit current.

Glossary of used abbreviations
(according to IEC 60044-6, as defined)

Protection coordination

The requirements for protective current transformers for
transient performance are specified in IEC 60044-6. In many
practical cases, iron-core CTs cannot be designed to avoid satura-
tion under all circumstances because of cost and space reasons,
particularly with metal-enclosed switchgear.

The Siemens relays are therefore designed to tolerate CT satura-
tion to a large extent. The numerical relays proposed in this
guide are particularly stable in this case due to their integrated
saturation detection function.

CT dimensioning formulae

R.,+R
Koo = Koge - Ct—? (effective)
R+ R
I
with K’y = Ky - % (required)

pn

The effective symmetrical short-circuit current factor K'sg- can be
calculated as shown in the table above.

The rated transient dimensioning factor K4 depends on the type
of relay and the primary DC time constant. For relays with a
required saturation free time from < 0.4 cycle, the primary (DC)
time constant T}, has little influence.

Kese = Rated symmetrical short-circuit current factor

(example: CT cl. 5P20 — K, = 20) CT design according to BS 3938/1EC 60044-1 (2000)
Koo = Effective symmetrical short-circuit current factor IEC Class P can be approximately transfered into the IEC Class PX

(BS Class X) standard definition by following formula:
Kig = Transient dimensioning factor
. . . (Rb w Rct) T Kose

Iic max = Maximum symmetrical short-circuit current kST 93
Ion = CT rated primary current BamE
I = CT rated secondary current IEC 60044:600/1, 5P10, 15 VA, R =4 Q
R, = Secondary winding d.c. resistance at 75 °C/ 167 °F ) (15+4)-1-10

(or other specified temperature) IECPXor BS: Uy = 13 =146V
Ry, = Rated resistive burden e
R, = Riead + Rrelay = CONNected resistive burden For CT design according to ANSI/IEEE C 57.13 please refer to page 2/50
Tp = Primary time constant (net time constant) The CT requirements mentioned in Table 2/2 are simplified
U = Kneepoint voltage (r.m.s.) in order to allow fast CT calculations on the safe side. More

accurate dimensioning can be done by more intensive calcula-
R qja = Relay burden . . . , - .
y tion with Siemens’s CTDIM (www.siemens.com/ctdim) program.
R _2:-p-l Results of CTDIM are released by the relay manufacturer.
lead -
A
" Adaption factor for 7UT6, 7UM62 relays -

wit . _ (limited resolution of measurement)
1 = Single conductor length from CT to relay in m J
p = Specific resistance = 0.0175 Qmm?2/m (copper wires) P Ton ] Ivelay B Ion V3 Upo ] Inretay ~R <8

at 20 °C/ 68 °F (or other specified temperature) Adap ~ 1 Ji S I equest: 7s =

A . nO sn Nmax sn

A = Conductor cross-section in mm?2

In general, an accuracy of 1 % in the range of 1 to 2 times
nominal current (class 5 P) is specified. The rated symmetrical
short-circuit current factor Ky should normally be selected so
that at least the maximum short-circuit current can be transmit-
ted without saturation (DC component is not considered).

This results, as a rule, in rated symmetrical short-circuit current
factors of 10 or 20 depending on the rated burden of the CT in

relation to the connected burden. A typical specification for pro-
tection cores for distribution feeders is 5P10, 10 VA or 5P20, 5 VA.

75D52, 53, 610, when transformer inside protected zone
I CT 1

n-pri- = ' max

I CT

. <
- =
n-pri-CTmin  Transformer Ratio

* If transformer in protection zone, else 1

In,pri-CT-Transf-Site <2 -1,-Obj-Transf-Site  AND
I, pi-CT-Transf-Site = I -Obj-Transf-Site with
Io = Rated current of the protected object
Uno = Rated voltage of the protected object
Inrelay = Rated current of the relay

Nmax = Maximun load of the protected object

(for transformers: winding with max. load)

Siemens SIP - Edition No. 8 | 2/45



Protection coordination

Relay type

Transient dimensioning
factor Ky

Min. required sym. short-

circuit current factor K’

Min. required knee-point
voltage U,

Overcurrent-time

N

I, .
Uk > H\g‘lh;e'.t point (Rct +Rlb) 'Isn

, gh t point
and motor protection _ Kisse = S; — pn
75161, 62, 63, 64 > 20
75180, 75K80 at least: 20 at Ieast:1—3- (R +RY) - I,
Line differential protection Busbar/ Gen./ Kooe = Uy =
(without distance function) Transformer Line Motor I I
75D52x, 53x, 610 (50/60 Hz) 1.2 1.2 1.2 g o max(ed faulh Kyq - SEg2oet i gaxl(ext‘ fault) (R +RYy) -1,

td 31,
Transformer/generator Busbar/ Gen./ I P .
differential protection Transformer Line Motor and (only for 755): and (only for 7SS):
7UT612, 7UT612 V4.0 4 4 5 I

scc max (ext. fault)

7UT613, 633, 635, 7UT612 V4.6 3 3 5 Lice max (ext. fault) 100 - . ¢ 100
7UM62 4 - 5 Ion = P

Busbar protection
75552

for stabilizing factors k = 0.5
0.5

(measuring range)

(measuring range)

Distance protection

primary DC time constant Tp [ms]

K

>
SSC —

Uy =

7SA522, 7SA6, 7SD5xx <30 =50 <100 <200 7l =f I _i ,
' ) ] th (a) . Zscc max (close — in fault) th (a) scc max (close —in fault) (Rct + Rb) X Isn
(with distance function) K (a) 1 2 4 4 Iy 13 =l
Kig (b) 4 5 5 5 and: and:
I _ I _
th (b) . Zscc max (zone 1 —end fault) th (b) . Zscc max (zone 1 - end fault) (Rct +Rlb) 'Isn
o [FSEy/N
Table 2/2 CT requirements
132 kV, 50 Hz
-T (G S2) -G1 -T (T LV1)) -T1 %
6,000/1A 120 MVA 6,000/1 A 240/120/120 MVA
-T (T HV) -T(Lend 1) -T(Lend 2)
5P20 13.8 kV, 5P20 132/13.8/13.8 kV 1.200/5 A
20 VA 50 Hz 20 VA 50 Hz : 1,000/5 A 1,500/1 A
Ry=18Q x“% =016 R,=18Q U 12=14% 5P20 BS cl.X
50 VA Uy =200V
R =0.96Q R4=08 Q |
---------------- = = _____r‘\___________r\______‘l_\%
17 kA
1-60m 1=100m 1-60m (given)
A=4mm?2 A=4mm? A=4mm?2
7UM62 7UT633 7SD529  L————- 75D52
o L *) without
CB  arrangement inside power station is not shown distance function
x“q = Generator direct axis subtransient reactance in p.u.

ug 12 = Transformer impedance voltage HV side — LV side in %
Rrelay = Assumed with 0.1 Q, (power consumption for above relays is below 0.1 VA)

1) Current from side 3 is due to ui».3and x“g of G2 in most cases negligible

Fig. 2/89 Example 1 — CT verification for 7UM62, 7UT6, 7SD52 (7SD53, 7SD610)
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Protection coordination

-T (G S2), 7UM62

-T (T LV1), 7UT633

-T (T HV), 7UT633

-T(Lend 1), 7SD52

€ Sy St St KA (qi
Iscc max (ext. fault) =\/—3 - UNG X"d Iscc max (ext. fault) =\/—3 - UNT uk“ Iscc max (ext. fault) =‘[3 ) UNT uk” Iscc max (ext. fault) = 17 kA (given)
1.1-120,000 kVA 34516 A 120,000 kVA 35 360 A 240,000 kVA 2 498 A
© V3-.13.8kv-0.16 © V3-13.8kv-0.14 © V3-132kv-0.14
K.qy=5 (from Table 2/2) K.q= 3 (from Table 2/2) K.y= 3 (from Table 2/2) K.y= 1.2 (from Table 2/2)
td td td td
KlSSC = th ) Iscc maxI(exL fault) K,SSC = th ) Iscc maxI(exL fault) K,Sscz th . Iscc max (ext. fault)
(91 pn pn
31,378 A 35,860 A 7,498 A
=5.———=28.8 =3.——=179 =3.——=18,7
6,000 A 6,000 A 1,200 A
S, 20 VA S, 20 VA S, 50 VA
Ro=p =7a 200 Ro=p =77a 200 TR T BAZ
sn sn sn
R’b =Rjcaq + Rrelay Rlb =Rjeaq + Rrelay Rlb =Rjeaq + Rrelay Rlb =Rjeaq + Rrelay
2-p-1 2-p-1 2-p-1 2-p-1
Ry= +0.1Q Ry= +0.1Q Ry = +0.1Q Ry=—+0.1Q
A A A A
Q mm? Q mm? Q mm? Q mm?
2-0.0175 -60m 2-0.0175 <640 m 2-0.0175 - 100 m 2-0.0175 -60m
— e = m = m = m
B 4 mm?2 4 mm?2 4 mm?2 4 mm?2
+0.1Q +0.1Q +0.1Q +0.1Q
=0.625Q =0.450Q =0.975Q =0.625Q
Iscc max (ext. fault) G
, R, +R, , R, +R, ) R, +R, U= th~71 En “(Ry+Ry) - I,
Rage= Rz ° m K oge= Kege ® m K ese= s © m . pn
17,000 A
18Q+20Q 18Q+20Q 0.96Q+2Q =12.——-(0.8Q+0.6250Q) -5A
= - ————=40.8 = =412 =20 ——— X =30.6 1.3-1,000 A
18Q+0.625Q 18Q+0.450Q 0.96 Q+0.975Q
=111.8V

K'ssc required = 28.8,
K, effective = 40.8
28.8<40.8

— CT dimensioning is ok

K'ssc required = 17.9,
K, effective = 41.2
17.9<41.2

— CT dimensioning is ok

K'ssc required = 18.7,
K, effective = 30.6
18.7 < 30.6

— CT dimensioning is ok

Ugrequired =111.8V,
Uy effective = 200 V
111.8V <200V

— CT dimensioning is ok

Ipn V3 Uno .INreIay

F =
Adap
SNmax Isn

6,000 A- V3 - 13.8 kV
120,000 kVA

=1.195
e <1.195 < 8 = ok!

Ipn V3 Uno .INreIa‘v

F =
Adap
SNmax Isn

6,000 A- V3 - 13.8 kV TA

240,000 kVA TA

=0.598
/s <0.598 < 8 = ok!

Ipn V3 Uno _INreIay

I

F =
Adap
SNmax Isn

1,200 A- V3 - 132 kV 5A

240,000 kVA 5A

=1.143
%6 <1.143 < 8 > ok!

Table 2/3 Example 1 (continued) — verification of the numerical differential protection

Attention (only for 7UT6 V4.0): When low-impedance REF is
used, the request for the REF side (3-phase) is:

Ya < Fpgap < 4, (for the neutral CT: % < Fjy,, < 8)

pnmax _ g
1

pn min

1,500 A

——=1.5=<8—*>o0ok!
1,000 A

Further condition for 7SD52x, 53%, 610 relays (when used as
line differential protection without transformer inside protected
zone): Maximum ratio between primary currents of CTs at the

end of the protected line:

IEn maxs 8

pn min
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Protection coordination

Given case:

=50m
A =6 mm?
O——— 75552
600/ Lecemar.= 30 KA
5 P ,IO’ L sce.max.

Ru=40 é

Fig. 2/90 Example 2

I 30,000 A

scCmax _

I, 600 A

According to Table 2/2, page 2/48 K,y = ">

1

K'ssc 2?- 50 =25
15 VA
Ry = 1Az =15Q
Rre|ay =0.1Q
2-0.0175-50
IR - =T=OA3Q
Ry =Rlead+Rre\ay=0'30+0'1 0=0.4Q
, R+ Ry 40Q+15Q
Kse =  Dsse T -10=43.2
R+ R, 40+04Q
Result:

The effective K',_is 43.2, the required K';;_is 25. Therefore the
stability criterion is fulfilled.

Relay burden
The CT burdens of the numerical relays of Siemens are below

0.1 VA and can therefore be neglected for a practical estimation.

Exception is the pilot-wire relay 7SD600.

Intermediate CTs are normally no longer necessary, because the
ratio adaptation for busbar protection 7SS52 and transformer
protection is numerically performed in the relay.
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Analog static relays in general have burdens below about 1 VA.

Mechanical relays, however, have a much higher burden, up to
the order of 10 VA. This has to be considered when older relays
are connected to the same CT circuit.

In any case, the relevant relay manuals should always be
consulted for the actual burden values.

Burden of the connection leads
The resistance of the current loop from the CT to the relay has to
be considered:

2 1

-p-
R = ——
lead A

1 = Single conductor length from the CT to the relay in m

Specific resistance:

Q- mm? .
0 = 0.0175 —— (copper wires) at 20 °C/68 °F
m

A = Conductor cross-section in mm?2

CT design according to ANSI/IEEE C 57.13

Class C of this standard defines the CT by ist secondary terminal
voltage at 20 times rated current, for which the ratio error shall
not exceed 10 %. Standard classes are C100, C200, C400 and
C800 for 5 A rated secondary current.

This terminal voltage can be approximately calculated from the
IEC data as follows:

ANSI CT definition

K
UsAt.max =20-5A- Rb . ZSSC
with
P, .
Ry = ——and Iy, =5 A, theresultis
sn
U _ Pb ) Kssc
s.t.max 5 A
Example:
IEC 600/5, 5P20, 25 VA,
60044
ANS| (25 VA - 20)
C57.13: Ugimax = — = - 100V, acc. to class C100
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Software for Substation Automation

DIGSI 4 - Description

Description

The PC operating program DIGSI 4 is the user interface to all
Siemens protection devices, up to and including SIPROTEC 4 and
SIPROTEC Compact. It has a simple and intuitive user interface.
Using DIGSI 4, the parameters for the SIPROTEC devices are set
and evaluated — it is the tailor-made program for industrial and
energy supply systems.

Functions

e Simple protection settings
The functions actually required can simply be selected from
the numerous protection functions. This facilitates increased
clarity over the other menus.

¢ Setting devices with primary and secondary values

The settings can be entered and displayed as primary or secon-

dary values. You can switch between primary and secondary
values using the mouse click on the toolbar.
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Fig. 3/3 CFC Chart

e Commissioning
Special attention was paid to commissioning. All binary inputs
and outputs can be individually tested and read. This enables
an extremely simple wiring check. For test purposes, messages
can be intentionally sent to the serial interfaces.

IEC 61850 System Configurator

Using the IEC 61850 system configurator, which is launched
from the DIGSI manager, the IEC 61850 network structure and
the scope of the data exchange between the participants of
an IEC 61850 station can be defined. To do so, subnetworks

:ﬁw = are added as required to the network working area. These
é subnetworks are then allocated available participants and the
| addressing is set. In the GOOSE working area, the data objects
EI between the participants are linked, for example, the pickup
% indication of the V/AMZ I> function of the feeder 1, which is
S transmitted to the infeed, in order to effect the reverse interlo-
gty ) . . . .
cking of the V/AMZ I>> function there. For more information,
. . . ) . see "[EC 61850 System Configurator — Description”.
Fig. 3/1 DIGSI 4: Main Menu, Selecting the Protection Functions
e 8 et e —
* Routing matrix -] e
The DIGSI 4 matrix shows the user the entire device configu- o T e S —
ration at a glance. For instance, the allocation of LEDs, binary i r— oo i
inputs and standard relays is displayed on one screen. The i & o
routing can be changed with the click of a mouse. e -~
g| P
< s e
‘@ B — Y = T, —
2 e E o e Z
= = o £ . 2
g
Fig. 3/2  DIGSI 4: Routing Matrix = — <
1l il 1l il J g
o o . . . a
¢ CFC: Configure logic instead of programming it
Using CFC (Continuous Function Chart), interlockings and Fig. 3/4 IEC 61850 System Configurator

switching sequences can be configured, information linked
and derived without software expertise simply by drawing
technical processes. Logical elements such as AND, OR and
timing elements are available, as are limiting value interroga-
tions of measured values.

Siemens SIP - Edition No. 8
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DIGSI 4 - Selection and Ordering Data

Description

Variants

Order no.

Software for project engineering
and operation of Siemens protection
devices of the SIPROTEC 4/3/2 and
SIPROTEC Compact product families,
executable under the following
operating systems:

- Microsoft Windows 7 Ultimate,
Professional and Enterprise (32/64
Bit)

- Microsoft Windows 10 Professional
and Enterprise (64 Bit)

- Microsoft Windows Server
2008/2012 R2 (64 Bit)

See product information for details
about the supported service packs of
the operating systems.

Including device templates, Comt-
rade Viewer, electronic help, DIGSI
cables (for all devices) and service
(update, hotline).

Interface languages: German,
English, French, Spanish, Italian,
Chinese, Russian, and Turkish
(selectable)

Delivery is on DVD-ROM

Table 1
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Basic

Basic version with license for 10 computers (authorization using serial
number)

7XS5400-0AA00

Professional

Basic and in addition SIGRA (fault-record analysis), CFC editor (logic editor),
display editor (editor for basic and branch control images) and DIGSI 4
remote (remote control) with license for 10 computers (authorization using
serial number)

7XS5402-0AA00

DIGSI 4 professional + IEC 61850

Professional and additional IEC 61850 System Configurator with license for
10 computers (authorization via serial number)

7XS5403-0AA00

Upgrade from DIGSI 4 basic to DIGSI 4 professional

7XS5407-0AA00

Upgrade from DIGSI 4 basic to DIGSI 4 professional + IEC 61850

7XS5408-0AA00

Upgrade from DIGSI 4 professional to DIGSI 4 professional + IEC 61850

7XS5460-0AA00

SIPROTEC 4 tutorial

Multimedia information and training for SIPROTEC 4, DIGSI 4, SIGRA and IEC
61850 including trial software, handbooks and catalog

1C1000-G220-C198-X-7100

DIGSI 4 Trial

Like DIGSI 4 professional + IEC 61850, but only valid for 30 days (test
version, no authorization necessary)

7XS5401-1AA00

DIGSI 4 scientific

Like DIGSI 4 professional + IEC 61850, only for scientific equipment (univer-
sity, technical college, research institution) with license for 10 computers
(authorization using serial number)

7XS5402-2AA00

DIGSI 4 DVD copy

Contains latest DIGSI 4, IEC 61850 system configurator and SIGRA, without
license

DIGSI 4 Selection and Ordering Data

7XS5490-0AA00



Software for Substation Automation

IEC 61850 System Configurator — Description

Description

The IEC 61850 system configurator is the manufacturer-inde-
pendent solution for the interoperable engineering of IEC 61850
products and systems. It supports all devices with IEC 61850,
not just Siemens products — like SIPROTEC 5, SIPROTEC 4,
SIPROTEC Compact, Reyrolle, SICAM RTUs, SICAM IO/AI/P85x/
Q100 - but also devices from other Siemens divisions (such as
SITRAS PRO) or from third parties.

The tool supports SCL configuration files (substation confi-
guration language) from the IEC 61850-6 through import or
export of all formats (ICD/IID/CID/SCD/SSD/SED). Thus, IEC 61850
devices can be added and a complete IEC 61850 station is
available for substation automation technology.

IEDs from the IEC 61850 standard of Edition 1 or Edition 2 are
supported. The possible engineering therefore includes not only
GOOSE communication and client/server configuration via MMS
reporting, but also system topology, process bus communication
with SMV (sampled measured values) and IEC 60870-5-104
addresses for the gateway to the network control center via

IEC 61850-80-1.

Simple engineering thanks to customer-friendly workflows and
universal display of IEC 61850 addresses as well as customer
description texts. Users with IEC 61850 basic or expert know-
ledge find the desired level of detail.

One IEC 61850 System Configurator for all devices in the station!

ReyDisp

IEC61850
System Configurator

ToolBox

3rd Party

Fig. 3/5 AnIEC 61850 System Configurator for All Devices in the Station

Siemens SIP - Edition No. 8

3/5



Software for Substation Automation

IEC 61850 System Configurator - Selection and Ordering Data

IEC 61850 System Configurator Stand-alone 7XS5461-0A A0O
Software for configuring stations with IEC 61850 communication For configuration independent from

Executable under 32-bit and 64-bit MS Windows 7 Ultimate, Enterprise manufacturers of a plant with IEC 61850

and Professional/MS Windows 8.1/MS Windows Server 2012 R2 64-bit/MS | devices (SIPROTEC, Reyrolle and devices

Windows 10 Professional and Enterprise (64 Bit) from the competition), installation

independent from DIGSI, with license for
10 computers (authorization using serial
number)

See product information for supported service packs of the operating
systems including electronic help and service (update, hotline)

Interface languages: German, English, French, Spanish, Italian, Portugue-
se, Chinese, Russian and Turkish selectable Supplied on DVD-ROM.

Table 2 SIGRA - Selection and Ordering Data

3/6 | Siemens SIP - Edition No. 8



Software for Substation Automation

SIGRA - Description

Description

The SIGRA user program supports you in analyzing failures in
your electrical power system. It graphically analyzes data recor-
ded during the failure and calculates additional supplemental
quantities such as impedances, powers or RMS values, from the
supplied measured values, making evaluation of the fault record
easier for you.

The quantities can be shown as desired in the diagrams of the
views

e Time signals

e Phasor diagrams
* Locus diagrams
e Harmonics

e Fault locator

and in the "Table” view.

After a system incident, it is especially important to quickly and
completely analyze the error, so that the respective measures
can be derived immediately from the cause analysis. This will
enable the original network status to be recovered and the down
time to be reduced to an absolute minimum.

As well as the usual time signal display of the recorded
measured quantity, the current version is also set up to display
vector, pie and bar charts to show the harmonics and data
tables. From the measured values recorded in the fault records,
SIGRA 4 calculates further values, for instance missing quantities
in the 3-phase electrical power system, impedances, outputs,
symmetrical components, etc. Using two measurement cursors,
the fault current can be evaluated easily and conveniently. With
the aid of SIGRA however, further fault record can also be added.
The signals from another fault record (for example, from the
opposite end of the line) are added to the current signal pattern
using drag and drop.

SIGRA 4 facilitates the display of signals from various fault
records in one diagram as well as a fully automated synchroni-
zation of these signals on a common time base. As well as the
precise determination of the individual factors of the line fault,
the fault location is also of particular interest.

A precise determination of the fault location saves time which
the user can use for an on-site inspection of the error. This
function is also supported by SIGRA 4 using the "offline fault
location” function. SIGRA 4 can be used for all fault records in
the COMTRADE file format.

The functions and advantages of SIGRA 4 can often only be
optimally displayed directly on the product. For this reason,
SIGRA 4 is available as a 30-day test version.

Functions
* 6 diagram types:
— Time-signal representation (standard)
— Locus diagram (for example for RX)
— Vector diagram (reading of angles)
— Bar chart (for example for visualizing harmonics)

— Table (with values of several signals at the same point in
time)

— Fault-location determination (display of fault location)

SIEMENS

SIGRA4

~ “Fault Record Evaluation

Version 4.51 ®2011 Slemens AG

Fig. 3/6 SIGRA 4

* Calculation of additional values, such as positive-sequence
impedances, RMS values, symmetrical components and
phasors

e 2 measuring cursors that are synchronized in all views

* High-performance panning and zoom functions
(for example, section enlargement)

 User-friendly project engineering via drag and drop
* Innovative signal routing in a clearly structured matrix

» Time-saving user profiles, which can be assigned to individual
relay types or series

* Addition of further fault records and synchronization of
multiple fault records with a common time base

* Simple documentation through copying of the diagrams for
example, into MS Office programs

» Offline fault-location determination

e Commenting of fault records, and commenting of individual
measuring points in diagrams and free placement of these
comments in diagrams

* Application of mathematical operations to signals

Hardware Requirements
 Pentium 4 with 1 GHz processor or similar
* 1 GB RAM (2 GB recommended)

* Graphic display with resolution of 1024 x 768
(1280 x 1024 recommended)

* 50 MB available hard disk space
* DVD ROM drive
* Keyboard and mouse

Software requirements

* MS Windows 7 Ultimate, Enterprise and Professional
e MS Windows 8.1 Enterprise

e MS Windows Server 2008 R2

Siemens SIP - Edition No. 8
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SIGRA - Selection and Ordering Data

Description
SIGRA

Software for graphical visualization, analysis and evaluation of fault
records

Executable under 32-bit and 64-bit MS Windows 7 Ultimate, Enterprise
and Professional/MS Windows 8.1 Enterprise/MS Windows Server 2008 R2

See product information for supported service packs of the operating
systems including sample fault record, electronic help and service
(update, hotline)

Interface languages: German, English, French, Spanish, Italian, Chinese,
Russian and Turkish, selectable

Incl. Multimedia Tutorial on separate CD-ROM
Supplied on DVD-ROM.

Table 3 SIGRA - Selection and Ordering Data
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Variants

SIGRA for DIGSI

With license for 10 computers (authori-
zation using serial number). The DIGSI 4
license number is required to order.

Order no.
7XS5410-0AA00

SIGRA Stand-alone

Installation without DIGSI 4 with license
for 10 computers (authorization using
serial number)

7XS5416-0AA00

SIGRA Scientific

Installation without DIGSI 4 only for
scientific equipment (university, technical
college, research institution) with license
for 10 computers (authorization using
serial number)

7XS5416-1TAA00

SIGRA Trial

Like SIGRA Stand-alone version but only
usable for 30-days (no authorization
required)

7XS5411-1TAA00

Upgrade from SIGRA Trial to SIGRA
Stand-alone

Like SIGRA Stand-alone version for
customers who want to activate a trial
version with full capabilities and a license
for 10 computers

7XS5416-2AA00
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Description, function overview

Function overview

- P Description

PC, remotely located Modem/ Analog/ISDN/ * Remote communication with DIGSI
Ethernet modem Ethernet

¢ Remote communication with SIPROTEC

Substation 4 units

e Remote communication with SIPROTEC

i

— Modem 3 units and SIPROTEC ‘600 units
PC,hcent[)aIIy located starhcl:lg::pler optionally with
in the substation - call-back H H H
tostan 7XV5450 fonction Typical applications

¢ SIPROTEC 4 units on an RS485 bus

g * SIPROTEC 4 units with FO/RS485
opt. RS485 Bus é e Mixed system SIPROTEC 4
RS485 3  Configuration with active star-coupler

Signal B B EH . . .
converter | _* : : [ ] Integration into substation control
7XV5650 BSw systems

R aas y

= il

- ODD Integration into the SICAM power

— g automation system

SIPROTEC Compact 75%*80

Integration into other systems

Fig. 4/1 Communication structure

Description

Communication interfaces on protection relays are becoming
increasingly important for the efficient and economical opera-
tion of substations and networks. The interfaces can be used for:

e Accessing the protection relays from a PC using the DIGSI oper-
ating program. Remote access via modem, Ethernet modem
is possible with a serial service port at the relay. This allows
remote access to all data of the protection relay.

Integrating the relays into control systems with IEC 60870-
5-103 protocol, PROFIBUS DP protocol, DNP 3.0 protocol,
MODBUS protocol, DNP3 TCP, PROFINET and Redundancy
protocols for Ethernet (RSTP; PRP and HSR).

The standardized IEC 61850 protocol is available since Oct.
2004 and with its SIPROTEC units Siemens has provided this
standard as the first manufacturer worldwide.

Peer-to-peer communication of differential relays and distance
relays to exchange real-time protection data via fiber-optic
cables, communication network, telephone networks or
analog pilot wires.
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Communication

Description

Description

Remote communication with DIGSI

By using the remote communication
functions of DIGSI it is possible to access
relays from your office via the telephone

K Substation
network. So you do not have to drive

PC, remotely located

L

Analog/ISDN/
Ethernet

Modem/
Ethernet modem

to the substation at all and, if you need
to carry out a quick fault analysis, for
example, you can transfer the fault data
into your office in just a few minutes so
that you can use DIGSI to evaluate it.

Another alternative is the ability to access
all the units of a substation from a central
point within that station. This saves you
having to connect your PC individually to
all the relays in the station.

In both cases you need a few simple
communication units and a PC with DIGSI
and a remote communication component
installed. The data traffic with DIGSI uses
a secure protocol based on the IEC stand-
ard similar to IEC 60870-5-103 so that,
amongst other things, the relays have
unique addresses for accessing purposes.

A high level of data integrity is achieved through the check sum
incorporated in the telegram. Any telegrams that might become
distorted during transmission are repeated. A comparison of
parameters between relay and PC to ensure that they match also
improves the integrity. There are other security functions too
such as passwords and a substation modem callback function
which can also be triggered from events.

Remote communication with SIPROTEC 4 units

SIPROTEC 4 units are well equipped for remote communication.
A separate serial service interface for the protection engineer,
independent of the system interface, allows the units to be
easily integrated into any communication configuration. The
front interface then remains free for local operation. Together
with a flexibility in the choice of interface, i.e. optical with an
ST connector for multi-mode FO cables or electrical for RS232 or
RS485 hard-wired connections, it is easy to create the optimum
solution for any particular application.

With SIPROTEC 4 units you can also use PROFIBUS DP to provide
a central link with DIGSI via the control system interface. For
this you will need a PC with a special PROFIBUS card that must
be connected to the PROFIBUS system. This solution is intended
exclusively for SIPROTEC 4 units with PROFIBUS DP.

PC, centrally located
in the substation
(option)

Mini
star-coupler
7XV5450

Modem
optionally with
call-back
function

LSA2770-egpen.eps

Fig. 4/2 Remote relay communication

Since Oct. 2004, a relay can be accessed remotely with DIGSI via
an Ethernet interface in the relay and with the IEC 61850 pro-
tocol. This allows access to the relays via an Ethernet network.
Some relays include a Web server, so an Internet browser can
also be used for remote access via Ethernet.
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Typical applications

Typical applications DIGSI 4

An extensive range of communication

Substation modem

Communication

components, such as modems, star with RS§232 FO, [ ]
f i connector module system, - Remote
couplers, optoelectric converters, 7XV5101-0B Ethernet oo cqrﬂm#mcaggn
refabricated FO connection cables and ' with office
i — s
electric connection cables (see part 13 of
this catalog) allows you to create a variety
of different solutions: FO connections
immune to interference or cost-effective Fo
solutions using the two-wire RS485 Converter
. 7XV5650
electric bus. RS485
The following examples give some indica- qp S s
tion of what configurations are possible, —
which items are needed for the purpose
and what baud rates are possible. Lo A Ky N KV an
Example 1: SIPROTEC 4 units on an ‘ ‘ ‘ ] a
RS485 bus ; pow z
H H %Q %
Remote communication is effected via o ool & ool OO <
N . D o0 D [Em| O— N
a private or public telephone network @ HH HH U Scggl &

with both analog or digital telephone
lines being possible. An Ethernet network
can also be used together with Ethernet Flg 4/3 SIPROTEC 4 units on an RS485 bus (Example 1)
modems. The 8N1 data format and an
analog baud rate of 57.6/64 kbit/s have
become established as the standard
for serial modem links. The connection

DIGSI 4

between modem and units is initially Substation modem "~ nication
optical. An FO/RS485 converter 7XV5650 LI CS2he system, Remote
that can be installed close to the units 7XV5101-08 §hermet Modem: i offee pa”
then converts the signals for the RS485 — el IO
bus. Up to 31 relays can be connected to
the RS485 bus. Particularly in the case of
modems, we recommend the use of the J ¢ | 1 I
types of units listed in part 13. Fo T Fo =)

Converter Converter
Example 2: SIPROTEC 4 units with 7’é\s’i’gg1 7)F§‘S’Z’gg°
FO/RS485 = s
In the case of larger substations with 2485 Bus 2485 Bus
longer distances we recommend the use I I I I I
of FO connection cables. The following LS A 28 LS LS LS LS A A%
example shows a mixed system of optical ‘ ‘ | ] 5
and electrical connections. Typically, all =dp ED%EE z
relays in a cubicle can be linked together = . . 58 §
via RS485 and the cubicles themselves O g
can be connected to the star coupler via DE E @ EE = 75%80 &

FO cables (see Fig. 4/4).
Fig. 4/4 Two groups of SIPROTEC 4 units on an RS485bus (Example 2)
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Typical applications

Example 3: Mixed system - SIPROTEC 4

. - DIGSI 4 DIGSI 4
Relays from different families can be
integrated into a remote communication o
system, as illustrated in Example 3 (see Local operation ( Communication
y ' ! p with system, Remote
Fig. 4/5). This example also shows how notebook PC Ethernet communication

relays can be integrated by means of FO with office PC

links and star couplers. In this case we = ;

recommend to use the 7XV5550 active Sgﬁgéactt'gpr?&dj;“}’)\(’{}g1%81?035 FO.

mini star-coupler (see Fig. 4/6). —|

Communicatign will then genera!ly be RS237 | \F,O IFO

at 57.6.164 kbit/s on the modem I|n!<. For Mini-’s)'(t\a,l?:igpler (_:Ic))(rvsesré%r

any units th.at cannot operate. at this baud FO | FO | FO | FO RS485

rate the active star-coupler will convert NENENER A

the rate accordingly. I_ RS485 Bus
'ﬂ/

Example 4: Configuration with active

star- coupler |
P W 21: W

With this configuration it is also possible
to integrate relays that can only be con-

I
I
-

AaSH 0 é

, . eE o | B g

nected via the front interface and whose § a@@ Shassiasi k]
maximum baud rates are less than 0 B oo 2
19.2 kbaud (see Fig. 4/6). @ EEE 0o b ! %

The following points must be noted with

this type of configuration: Fig. 4/5 Mixed system, FO/RS485 with units from different families (Example 3)

* One output of the active mini star-cou-
pler is used to service several SIPROTEC
4 units through further star couplers or R5485 converters. On  The solutions for central and/or remote communication with
that output, a mixed system containing SIPROTEC 3 and series  §|pPROTEC units have easy upgrade compatibility. Different ver-
'600 relays should be avoided so that 57600 baud operation is  sjons of relays can be integrated into a remote communication

possible for SIPROTEC 4 relays. concept. This is supported by the substation and device manage-
« Several SIPROTEC 3 units and series ‘600 relays can also be ment in the DIGSI software. A substation can be retrofitted with

connected to another output of the active mini star-coupler add-on remote communication components provided it has

(via mini star-couplers or RS485 converters). The baud rate for ~ the communication connection available. And changing of the

this output must be set less or equal to 19200 baud. telephone line from, say, analog to digital does not necessitate

* Relays that are not available with communication functions the replacement of all components. Also, Ethernet networks
according to IEC 60870-5-103 protocol (e.g. 7VE51, 7VK51, can be used. The telephone modem is then replaced by an -
75V51 and older firmware versions of some relays) can also be Ethernet modem. The infrastructure in the substation remains
connected via the active star-coupler as illustrated in Fig. 4/6. ~ Unchanged.

In this case one output must be assigned to each relay. The
baud rate must be set according to the unit.
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Typical applications, integration into substation control systems

DIGSI 4 DIGSI 4

Communication
system,
Ethernet

Local operation

with
notebook PC

7
Substation modem with
RS232 FO, connector
module 7XV5101-0B

To other active
,l: l—)mini star-couplers I I J I J

Remote

- communication
Office modem with office PC

W
RS232 | FO [RS485 RS232 [ FO FO FO
MO MO MO
7)‘&’5‘5’20 . 7XV5450 Converter Converter
mini star-coupler Mini star-coupler 7XV5650 7XV5650
S2 S3 S4 MO
FO | FO | FO | FO FO | FO| FO| FO RS485 RS485
AN A A A AN A /\l 1 N A
RS485 Bus RS485 Bus
— —
_ _ ~l' __ N I _ \1' 4 A 4 W W
0 1| o 0| o 1| o [ — —
[—) —) — —) [ ] g
o o o o E%E g
HE || |edEE) | |oEE) | | :
§ e 8
R
H}QID o o o o o |o 0 Hm| 3

Converter/ V3
7XV5101-0A

Fig. 4/6 Mixed system with relays from different families, with active star-coupler (Example 4)

An overview which communication protocols are available in
the various SIPROTEC relays can be found in the Internet at
www. siemen.com/siprotec or in the catalog "Selection Guide for
SIPROTEC and Reyrolle"

Integration into substation control systems

Almost all SIPROTEC units can be integrated into substation
control systems via communication interfaces.

The relays can be supplied as part of an integrated Siemens
system offering all substation control and protection. In addi-
tion, the relays can also be integrated into other control systems
via standard protocols. An integrated system offers type-tested
functions, consistent con-figuration and optimally coordinated
communication protocols. SICAM PAS and SICAM RTUs are
proven systems available from Siemens. These systems, also
offer Ethernet communication with IEC 61850.

For situations where you would like to integrate SIPROTEC units
into other control systems we can offer open communication
interfaces. In addition to the IEC 60870-5-103 protocol that is
available in almost all relays we can also offer other communica-
tion protocols for SIPROTEC 4 units like PROFIBUS DP, MODBUS,
DNP 3.0, DNP3 TCP, PROFINET and Redundancy protocols for
Ethernet (RSTP;PRP and HSR).
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Integration into substation control systems

IEC 61850 protocol

Since Oct. 2004, the Ethernet-based IEC 61850 protocol is the
worldwide standard for protection and control systems used by
power supply corporations, Siemens was the first manufacturer
to support the protocol in its devices. By means of this protocol,
information can also be exchanged directly between bay units
so as to enable the creation of simple masterless systems for bay
and system interlocking. Access to the units via the Ethernet bus
is also possible with DIGSI.

WebMonitor

It will also be possible to retrieve operating and fault messages
and fault recordings via a browser. This Web monitor will also
provide a few items of unit specific information in browser
windows.

IEC 60870-5-103 protocol

The IEC 60870-5-103 protocol is an international standard for
the transmission of protective data and fault recordings. All
messages from the unit (and also control commands) can be
transferred via published, Siemens-specific extensions.

IEC 60870-5-104 protocol

The IEC 60870-5-104 substation and power system automation
protocol is supported via the electrical and optical Ethernet mod-
ule. Indications (single and double), measured values, metered
values can be transmitted to one or two (redundant) masters.
|IEC 104 file transfer is also supported and fault recordings can
be read out of the device in Comtrade format. In the command
direction, secured switching of switching objects is possible via
the protocol. Time synchronization can be supported via the
T104 master or via SNTP across the network.Redundant time
servers are supported. All auxiliary services on Ethernet such as
the DIGSI 5 protocol, network redundancy, or SNMP for network
monitoring can be activated concurrently with T104. Moreover,
GOOSE messages of IEC 61850 can be exchanged between
devices.

PROFIBUS DP protocol

PROFIBUS DP is the most widespread protocol in industrial auto-
mation. Via PROFIBUS DP, SIPROTEC units make their information
available to a SIMATIC controller or, in the control direction,
receive commands from a central SIMATIC. Measured values can
also be transferred. The information is assignable to a mapping
file with DIGSI.

Modbus RTU protocol

This uncomplicated, serial protocol is mainly used in industry
and by power supply corporations, and is supported by a num-
ber of unit vendors. SIPROTEC units behave as MODBUS slaves,
making their information available to a master or receiving
information from it. Information is assignable to a mapping file
with DIGSI.

Protocol Modbus TCP

The Modbus TCP communication protocol is supported by the
electrical or optical Ehternet module. Modbus TCP and Modbus
RTU are very similar, with Modbus TCP using TCP/IP packets for
data transfer.

Modbus TCP can be used to transmit indications (single- and
double-point indications), measured values, metered measure-
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ands to one or two (redundant) masters. Switchgear can be
switched in command direction via the protocol.

Time synchronization can be implemented via SNTP or IEEE1588
via the network, supporting redundant time servers. All addi-
tional services on Ethernet like the DIGSI 5 protocol, network
redundany or SNMP for network monitoring can be activated

at the same time as Modbus TCP and GOOSE messages of

IEC 61850 can be sent over the network between the devices.

Serial DNP3 or DNP3 TCP

DNP 3 is supported as a serial protocol via RS485 or an optical
820 nm interface, and as an Ethernet-based TCP variant via

the electrical or optical Ethernet module. In conjunction with
Ethernet, the switch integrated in the module can be used such
that redundant ring structures for DNP 3 can be realized. In
this way, for example, connection to a DNP 3 via a redundant
optical Ethernet ring can be established. Information about a
device, and the fault records of the device, can be routed and
transferred using the DNP 3 protocol. Switching commands can
be executed in the control direction.

Redundant connection to 2 serial substation controllers can be
established via 2 modules or 1 serial double module. With Eth-
ernet, 2 Ethernet modules that can work independently of one
another via 1 or 2 networks are to be provided for a redundant
connection. Settings values in the device cannot be read or
changed via the protocol.

For DNP 3, the network topologies can also be used for Ethernet-
based or serial communication.

PROFINET

PROFINET is the ethernet-based successor of Profibus DP and

is supported in the variant PROFINET 1/0. The protocol which

is used in industry together with the SIMATIC systems control

is realized on the optical and electrical Plus ethernet modules
which are delivered since November 2012. All network redun-
dancy procedures which are available for the ethernet modules,
such as RSTP, PRP or HSR, are also available for PROFINET. The
time synchronization is made via SNTP. The network monitor-
ing is possible via SNMP V2 where special MIB files exist for
PROFINET. The LLDP protocol of the device also supports the
monitoring of the network topology. Single-point indications,
double-point indications, measured and metered values can be
transmitted cyclically in the monitoring direction via the protocol
and can be selected by the user with DIGSI 4. Important events
are also transmitted spontaneously via confi gurable process
alarms. Switching commands can be executed by the system
control via the device in the controlling direction. The PROFINET
implementation is certified. The device also supports the IEC
61850 protocol as a server on the same ethernet module in
addition to the PROFINET protocol. Client server connections are
possible for the intercommunication between devices, e.g. for
transmitting fault records and GOOSE messages.

Redundancy protocols for Ethernet (RSTP; PRP and HSR)

The redundancy protocols RSTP, PRP and HSR can be loaded and
activated easily via software on the existing optical Ethernet
modules. PRP and HSR guarantee a redundant, uninterruptible
and seamless data transfer in Ethernet networks without exten-
sive parameter settings in the switches.



Integration into the SICAM power automation system

Substation control port B Port C
IEC 61850 IEC 60870-5-103 PROFIBUS DP  MODBUS DNP 3.0 DNP3 TCP# PROFINET#  DIGSI
Alarms v with v with v with v with v with v with v with v with
(relay - central unit) time stamp time stamp time stamp time stamp time stamp time stamp time stamp time stamp
Commands v v v v v v 4 v
(BClcentral unit > relay)
Measured values 4
Time n
synchronization
Fault records v v Separate port Separate port Separate port v Separate port
(sampled values) (with DIGSI)2  (with DIGSI)2  (with DIGSI)2) (with DIGSI)3)
Protection settings v (with DIGSI) Separate port Separate port Separate port Separate port Separate port Separate port v
(with DIGSI)3 (with DIGSI)3®)  (with DIGSI)® (with DIGSI)® (with DIGSI)® (with DIGSI)3)
Parameter group v v 4 v v v 4 v
switchover
RSTP/PRP/HSR v v 4

1) There is no time synchronization via this protocol. For time
synchronization purposes it is possible to use a separate time
synchronization interface (Port A in SIPROTEC 4 relays).

2) The transmission of fault records is not part of the protocol. They can
be read out with DIGSI via the service interface Port C or the front
operating interface.

3) This protocol does not support the transmission of protection
settings. Only setting groups can be changed. For this purpose you
should use the service interface or the front operating interface
together with DIGSI.

4) Only 75161162/64; 75J80/75K80; 7SC80

Integration into the SICAM power automation system

SIPROTEC 4 is tailor-made for use with the power automation
system SICAM. The SICAM family comprises the following
components:

e SICAM RTUs, the modern telecontrol systems with automation
and programmable logic functions

* SICAM PAS, the substation automation system based on
computer hardware

Data management and communication is one of the strong
points of the SICAM / SIPROTEC 4 system. Powerful engineering
tools make working with SICAM convenient and easy. SIPROTEC 4
units are optimally matched for use in SICAM PAS. With SICAM
and SIPROTEC 4 continuity exists at three crucial points:

* Data management
e Software architecture
e Communication

The ability to link SICAM/ SIPROTEC to other substation control,
protection and automation components is assured, thanks

to open interfaces such as IEC 60870-5-103 protocol and

the Ethernet-based IEC 61850 protocol. Other protocols like
PROFIBUS DP, DNP 3.0, MODBUS, RTU, DNP3 TCP, PROFINET and
Redundancy protocols for Ethernet (RSTP;PRP and HSR) are also
supported.
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Communication

Integration into substation automation system

SIPROTEC 4 is tailor-made for use with

the SICAM substation automation system. Telecontrol interface to

Over the low-cost electrical RS485 bus, system control center
. . . . IEC 60870-5-104

the units exchange information with

the control system. Units featuring ° %- N
IEC 60870-5-103 interfaces can be gLCtAM PA,? == =811,
connected to SICAM interference free and ation unt I
radially by fiber-optic link. Through this CanvErer
interface, the system is open for the con- IEC 60870-5-103 (RS485) [ RS485/232
nection of units of other manufacturers.
o - . - ' '
6MD63 75J61/62 7SJ63 6MB525 7SJ80

Fig. 4/7 Communication structure with substation automation system
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Communication

Integration into the SICAM PAS power automation system

Integration into the SICAM PAS power
automation system

SIPROTEC 4 is tailor-made for use with
the SICAM power automation system
together with IEC 61850 protocol. Via
the 100 Mbit/s Ethernet bus, the units
are linked electrically or optically to the
station PC with PAS. Connection may be
simple or redundant. The interface is
standardized, thus also enabling direct
connection of units of other manufactur-
ers to the Ethernet bus. Units featuring an
IEC 60870-5-103 interface or other serial
protocols are connected via the Ethernet
station bus to SICAM PAS by means of
serial/lEthernet converters (see Fig. 4/8).
DIGSI and the Web monitor can also be
used over the same station bus.

Together with Ethernet/IEC 61850, an
interference-free optical solution is also
provided (see Fig. 4/9). The Ethernet
interface in the relay includes an Ethernet
switch. Thus, the installation of expensive
external Ethernet switches can be
avoided. The relays are linked in an
optical ring structure.

Integrated SNMP (Simple Network
Management Protocol) facility allows
the supervision of the network from the
station controller.

SICAM PAS | éL -

[ ]

Fig. 4/8
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Ethernet-based system with SICAM PAS with electrical Ethernet interface
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Communication

Integration into a substation automation system, solution without substation control system

Integration into a substation auto-
mation system of other makes

Thanks to the standardized interfaces,
IEC 61850, IEC 60870-5-103, DNP3.0,
MODBUS, PROFIBUS DP, SIPROTEC units
can also be integrated into non-Siemens
systems or in SIMATIC S5/S7. Electrical
RS485 or optical interfaces are available.
The optimum physical data transfer
medium can be chosen thanks to opto-
electrical converters. Thus, the RS485 bus
allows low-cost wiring in the cubicles and
an interference-free optical connection to
the master can be established.

Solution without substation control
system

Ethernet-based communication with opti-
cal Ethernet interface between SIPROTEC
protection relays offers also many
advantages without substation control:

e Fast remote access via DIGSI 4

* High-speed setting and parameteriza-
tion with DIGSI 4

¢ Interlocking between different field
devices and exchange of binary signals
via GOOSE messages of IEC 61850

e Common time synchronization of all
relays from central time synchronization
server (eg. SICLOCK)

For automation of new substations (or
plants) and modernization of existing
substations you get future investment
security, without additional investment.

I

SICAM PAS

Station unit

Ethernet cable
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>< |

N

Switch

Optical Ethernet ring

AN AN

rd rd

< <
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SIPROTEC relays with optical Ethernet interface

S Serial hub

Serial protocol
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Fig. 4/9 Ethernet-based system with SICAM PAS with optical Ethernet interface
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Overcurrent Protection/7SJ61

SIPROTEC 7SJ61 multifunction protection relay

LSP2299-afpen.eps

Fig. 5/1

Description

The SIPROTEC 7SJ61 relays can be used for line protection of
high and medium voltage networks with earthed (grounded),
low-resistance grounded, isolated or compensated neutral
point. When protecting motors, the SIPROTEC 7SJ61 is suitable
for asynchronous machines of all sizes. The relay performs all
functions of backup protection supplementary to transformer
differential protection.

The relay provides control of the circuit-breaker, further
switching devices and automation functions. The integrated pro-
grammable logic (CFC) allows the user to implement their own
functions, e. g. for the automation of switchgear (interlocking).
The user is also allowed to generate user-defined indications.

The flexible communication interfaces are open for modern
communication architectures with control systems.

Function overview

Protection functions

 Overcurrent protection
(definite-timelinverse-time/user-def.)

* Sensitive ground-fault detection

* Intermittent ground-fault protection
 High-impedance restricted ground fault
e Inrush-current detection

e Motor protection
— Undercurrent monitoring
— Starting time supervision
— Restart inhibit
— Locked rotor
— Load jam protection

e Overload protection
* Temperature monitoring

pPs

SIPV6_116.e

SIPROTEC 7SJ61 multifunction protection relay with text (left) and graphic display

¢ Breaker failure protection

* Negative-sequence protection
* Auto-reclosure

e Lockout

Control functions/programmable logic

* Commands for control of a circuit-breaker and of isolators

* Position of switching elements is shown on the graphic display
» Control via keyboard, binary inputs, DIGSI 4 or SCADA system
 User-defined logic with CFC (e.g. interlocking)

Monitoring functions

¢ Operational measured values I

e Circuit-breaker wear monitoring

* Slave pointer

* Time metering of operating hours
e Trip circuit supervision

» 8 oscillographic fault records

¢ Motor statistics

Communication interfaces

e System interface
- |EC 60870-5-103, IEC 61850
— PROFIBUS DP
— DNP 3/ DNP3 TCP/MODBUS RTU
— PROFINET

¢ Service interface for DIGSI 4 (modem)
¢ Front interface for DIGSI 4
» Time synchronization via IRIG B/IDCF77

Hardware

* 4 current transformers
¢ 3/8/11 binary inputs
* 4/8/6 output relays

Siemens SIP - Edition No. 8
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Application
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Fig. 5/2 Function diagram

Application

The SIPROTEC 7SJ61 unit is a numerical protection relay that also
performs control and monitoring functions and therefore sup-
ports the user in cost-effective power system management, and
ensures reliable supply of electric power to the customers. Local
operation has been designed according to ergonomic criteria. A
large, easy-to-read display was a major design aim.

Control

The integrated control function permits control of disconnect
devices, grounding switches or circuit-breakers via the inte-
grated operator panel, binary inputs, DIGSI 4 or the control and
protection system (e.g. SICAM). The present status (or position)
of the primary equipment can be displayed, in case of devices
with graphic display. A full range of command processing func-
tions is provided.

Programmable logic

The integrated logic characteristics (CFC) allow the user to
implement their own functions for automation of switchgear
(interlocking) or a substation via a graphic user interface. The
user can also generate user-defined indications.

Line protection

The relay is a non-directional overcurrent relay which can be
used for line protection of high and medium-voltage networks
with earthed (grounded), low-resistance grounded, isolated or
compensated neutral point.

5/4 | Siemens SIP - Edition No. 8

Motor protection

When protecting motors, the 7SJ61 relay is suitable for asyn-
chronous machines of all sizes.

Transformer protection

The relay performs all functions of backup protection supple-
mentary to transformer differential protection. The inrush
suppression effectively prevents tripping by inrush currents.

The high-impedance restricted ground-fault protection detects
short-circuits and insulation faults on the transformer.

Backup protection

The 7SJ61can be used universally for backup protection.

Flexible protection functions

By configuring a connection between a standard protection logic
and any measured or derived quantity, the functional scope of
the relays can be easily expanded by up to 20 protection stages
or protection functions.

Metering values

Extensive measured values, limit values and metered values
permit improved system management.



Overcurrent Protection/7SJ61

Application, construction

>, I>>, [>>> Definite-time overcurrent protection (phase/neutral)
Ie>, Ig>>
Ip, Igp Inverse-time overcurrent protection (phase/neutral)
Iee>, Iee>>, Iegp Sensitive ground-fault protection
- Cold load pick-up (dynamic setting change)
- Ie> Intermittent ground fault
High-impedance restricted ground-fault protection
Breaker failure protection
Auto-reclosure
I> Phase-balance current protection (negative-sequence protection)
> Thermal overload protection
Starting time supervision
51M Load jam protection
Locked rotor protection
Restart inhibit
@ I< Undercurrent monitoring
Temperature monitoring via external device (RTD-box),

e.g. bearing temperature monitoring

Construction

Connection techniques and housing with many advantages

s-rack size (text display variants) and '»-rack size (graphic
display variants) are the available housing widths of the 75J61
relays referred to a 19" module frame system. This means that
previous models can always be replaced. The height is a uniform
244 mm for flush-mounting housings and 266 mm for surface-
mounting housing. All cables can be connected with or without
ring lugs.

In the case of surface mounting on a panel, the connection
terminals are located above and below in the form of screw-type
terminals. The communication interfaces are located in a sloped
case at the top and bottom of the housing.

LSP2099-afpen.eps

Fig. 5/3 Rear view with screw-type, 5-rack size

Siemens SIP - Edition No. 8 | 5/5



Protection functions

Protection functions
tDeIay

Overcurrent protection
(ANSI 50, 50N, 51, 51N)

This function is based on the phase-
selective measurement of the three phase
currents and the ground current (four
transformers). Three definite-time over-
current protection elements (DMT) exist
both for the phases and for the ground.
The current threshold and the delay time
can be set within a wide range. In addi-
tion, inverse-time overcurrent protection
characteristics (IDMTL) can be activated.

50-1

50-2—

t Delay

LSA2356-agpen.eps
LSA2857-agpen.eps

Reset characteristics 801
For easier time coordination with electro-
mechanical relays, reset characteristics
according to ANSI C37.112 and

IEC 60255-3 / BS 142 standards are

Fig. 5/4
characteristic

Definite-time overcurrent

I
50-2 I o

Fig. 5/5 Inverse-time overcurrent

characteristic

applied.

Available inverse-time characteristics

When using the reset characteristic (disk TGS 6. i@

ANSI/IEEE IEC 60255-3

emulation), a reset process is initiated
Inverse

after the fault current has disappeared.

This reset process corresponds to the Short inverse

reverse movement of the Ferraris disk of Long inverse

an electromechanical relay (thus: disk -
Moderately inverse

emulation).
Very inverse

User-definable characteristics Y

Instead of the predefined time char-

acteristics according to ANSI, tripping

characteristics can be defined by the user for phase and ground
units separately. Up to 20 current/ time value pairs may be
programmed. They are set as pairs of numbers or graphically

in DIGSI 4.

Inrush restraint

The relay features second harmonic restraint. If the second
harmonic is detected during transformer energization, pickup
of non-directional normal elements (I>, I,) are blocked.

Cold load pickup/dynamic setting change

For overcurrent protection functions the initiation
thresholds and tripping times can be switched via binary
inputs or by time control.
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Flexible protection functions

The 7SJ61 units enable the user to easily add on up to 20 protec-
tive functions. To this end, parameter definitions are used to link
a standard protection logic with any chosen characteristic quan-
tity (measured or derived quantity). The standard logic consists
of the usual protection elements such as the pickup message,
the parameter- definable delay time, the TRIP command, a block-
ing possibility, etc. The mode of operation for current quantities
can be three-phase or single-phase. The quantities can be oper-
ated as greater than or less than stages. All stages operate with
protection priority. Protection stages/functions attainable on the
basis of the available characteristic quantities:

Function ANSI No.
I>, Ie> 50, 50N
3lp>, I1>, Ir>, 11> 50N, 46

Binary input



(Sensitive) ground-fault detection (ANSI 50Ns, 51Ns/50N, 51N)

For high-resistance grounded networks, a sensitive input
transformer is connected to a phase-balance neutral current
transformer (also called core-balance CT).

The function can also be operated in the insensitive mode as an
additional short-circuit protection.

Intermittent ground-fault protection

Intermittent (re-striking) faults occur due to insulation weaknesses
in cables or as a result of water penetrating cable joints. Such
faults either simply cease at some stage or develop into lasting
short-circuits. During intermittent activity, however, star-point
resistors in networks that are impedance-grounded may undergo
thermal overloading. The normal ground-fault protection cannot
reliably detect and interrupt the current pulses, some of which can
be very brief.

The selectivity required with intermittent ground faults is achieved
by summating the duration of the individual pulses and by trig-
gering when a (settable) summed time is reached. The response
threshold Ijg> evaluates the r.m.s. value, referred to one systems
period.

Breaker failure protection (ANSI 50BF)

If a faulted portion of the electrical circuit is not disconnected
upon issuance of a trip command, another command can be
initiated using the breaker failure protection which operates the
circuit-breaker, e.g. of an upstream (higher-level) protection relay.
Breaker failure is detected if after a trip command, current is still
flowing in the faulted circuit. As an option it is possible to make
use of the circuit-breaker position indication.

Phase-balance current protection (ANSI 46)
(Negative-sequence protection)

In line protection, the two-element phase-balance current/
negative-sequence protection permits detection on the high side
of high-resistance phase-to-phase faults and phase-to-ground
faults that are on the low side of a transformer (e.g. with the
switch group Dy 5). This provides backup protection for high-
resistance faults beyond the transformer.

Settable dropout delay times

If the devices are used in parallel with electromechanical relays in
networks with intermittent faults, the long dropout times of the
electromechanical devices (several hundred milliseconds) can
lead to problems in terms of time grading. Clean time grading is
only possible if the dropout time is approximately the same. This
is why the parameter of dropout times can be defined for certain
functions such as overcurrent protection, ground short-circuit and
phase-balance current protection.

Auto-reclosure (ANSI 79)

Multiple reclosures can be defined by the user and lockout will

occur if a fault is present after the last reclosure. The following

functions are possible:

* 3-pole ARC for all types of faults

* Separate settings for phase and ground faults

e Multiple ARC, one rapid auto-reclosure (RAR) and up to nine
delayed auto-reclosures (DAR)

* Starting of the ARC depends on the trip command selection (e.g.
46,50, 51)

* Blocking option of the ARC via binary inputs

¢ ARC can be initiated externally or via CFC

Protection functions

* The overcurrent elements can either be blocked or operated
non-delayed depending on the auto-reclosure cycle

* Dynamic setting change of the overcurrent elements can be
activated depending on the ready AR

Thermal overload protection (ANSI 49)

For protecting cables and transformers, an overload protection
with an integrated pre-warning element for temperature and cur-
rent can be applied. The temperature is calculated using a thermal
homogeneous-body model (according to IEC 60255-8), which
takes account both of the energy entering the equipment and the
energy losses. The calculated temperature is constantly adjusted
accordingly. Thus, account is taken of the previous load and the
load fluctuations.

For thermal protection of motors (especially the stator) a further
time constant can be set so that the thermal ratios can be detected
correctly while the motor is rotating and when it is stopped. The
ambient temperature or the temperature of the coolant can be
detected serially via an external temperature monitoring box
(resistance-temperature detector box, also called RTD-box). The
thermal replica of the overload function is automatically adapted
to the ambient conditions. If there is no RTD-box it is assumed that
the ambient temperatures are constant.

High-impedance restricted ground-fault protection (ANSI 87N)

The high-impedance measurement principle is an uncomplicated
and sensitive method for detecting ground faults, especially on
transformers. It can also be applied to motors, generators and
reactors when these are operated on an grounded network.

When the high-impedance measurement principle is applied,

all current transformers in the protected area are connected in
parallel and operated on one common resistor of relatively high
R whose voltage is measured (see Fig. 5/6). In the case of 75J6
units, the voltage is measured by detecting the current through
the (external) resistor R at the sensitive current measurement
input Igg. The varistor V serves to limit the voltage in the event of
an internal fault. It cuts off the high momentary voltage spikes
occurring at transformer saturation. At the same time, this results
in smoothing of the voltage without any noteworthy reduction

of the average value. If no faults have occurred and in the event
of external faults, the system is at equilibrium, and the voltage
through the resistor is approximately zero. In the event of internal
faults, an imbalance occurs which leads to a voltage and a current
flow through the resistor R.

The current trans-
formers must be of
the same type and
must at least offer

a separate core for
the high-impedance
restricted ground- e
fault protection.
They mustin B
particular have the
same transforma- Tee
tion ratio and an ‘ v
approximately
identical knee-point
voltage. They
should also demon-
strate only minimal
measuring errors.

LSA4115en.eps

Fig. 5/6 High-impedance restricted

ground-fault protection
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Protection functions

Motor protection *
Starting time supervision (ANSI 48)
Starting time supervision protects the Maximum permissible
motor against long unwanted start-ups rotor temperature /;\
that might occur when excessive load Temperature characteristic of [
torque occurs, excessive voltage drops rotor rod top edge ‘
occur within the motor or if the rotor is siter e e s :
locked. Rotor temperature is calculated AN LSS
from measured stator current. The tripping \ : / : ‘
time is calculated according to the follow- : i 4 : [ :
ing equation: | ‘ | ‘ | w
—-—-—" [ ! [ o
for I > Ivotor sTaRT // : S S 2
) $ : The{mal | : | : §
1. Sta‘rt-up T 2. Sta‘rt—up T 8. Sta‘rt—up T ==t
I = Actual current flowing Motor Recovery  [Motor Recovery  [Viotor Recovery
started LS started e started LS

Imortor sTarT = Pickup current to detect a
motor start

t = Tripping time Fig. 5/7
Ia = Rated motor starting current
Ta = Tripping time at rated motor starting current

(2 times, for warm and cold motor)

The characteristic (equation) can be adapted optimally to the state
of the motor by applying different tripping times Ta in dependence
of either cold or warm motor state. For differentiation of the motor
state the thermal model of the rotor is applied.

If the trip time is rated according to the above formula, even a
prolonged start-up and reduced voltage (and reduced start-up
current) will be evaluated correctly. The tripping time is inverse
(current dependent).

A binary signal is set by a speed sensor to detect a blocked rotor.
An instantaneous tripping is effected.

Temperature monitoring (ANSI 38)

Up to 2 temperature monitoring boxes with a total of 12 meas-
uring sensors can be used for temperature monitoring and
detection by the protection relay. The thermal status of motors,
generators and transformers can be monitored with this device.
Additionally, the temperature of the bearings of rotating machines
are monitored for limit value violation. The temperatures are being
measured with the help of temperature detectors at various loca-
tions of the device to be protected. This data is transmitted to the
protection relay via one or two temperature monitoring boxes (see
“Accessories”, page 5/78).

Load jam protection (ANSI 51M)

Sudden high loads can cause slowing down and blocking of the
motor and mechanical damages. The rise of current due to a load
jam is being monitored by this function (alarm and tripping). The
overload protection function is too slow and therefore not suitable
under these circumstances.
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Phase-balance current protection (ANSI 46)
(Negative-sequence protection)

The negative-sequence / phase-balance current protection detects
a phase failure or load unbalance due to network asymmetry and
protects the rotor from impermissible temperature rise.

Restart inhibit (ANSI 66/86)

If a motor is started up too many times in succession, the rotor can
be subject to thermal overload, especially the upper edges of the
bars. The rotor temperature is calculated from the stator current.
The reclosing lockout only permits start-up of the motor if the
rotor has sufficient thermal reserves for a complete start-up (see
Fig. 5/7).

Emergency start-up

This function disables the reclosing lockout via a binary input by
storing the state of the thermal replica as long as the binary input
is active. It is also possible to reset the thermal replica to zero.

Undercurrent monitoring (ANSI 37)

With this function, a sudden drop in current, that can occur due to
a reduced motor load, is detected. This may be due to shaft break-
age, no-load operation of pumps or fan failure.

Motor statistics

Essential information on start-up of the motor (duration, current,
voltage) and general information on number of starts, total opera-
ting time, total down time, etc. are saved as statistics in the device.

Circuit-breaker wear monitoring

Methods for determining circuit-breaker contact wear or the
remaining service life of a circuit-breaker (CB) allow CB mainte-
nance intervals to be aligned to their actual degree of wear. The
benefit lies in reduced maintenance costs.

There is no mathematically exact method of calculating the wear
or the remaining service life of circuit-breakers that takes into
account the arc-chamber's physical conditions when the CB opens.



This is why various methods of determining CB wear have evolved
which reflect the different operator philosophies. To do justice to
these, the devices offer several methods:

o>
o> X, withx=1...3
o 32t

The devices additionally offer a new method for determining the
remaining service life:

e Two-point method

The CB manufacturers double-logarithmic switching cycle diagram
(see Fig. 5/8) and the breaking current at the time of contact
opening serve as the basis for this method. After CB opening, the
two-point method calculates the number of still possible switching
cycles. To this end, the two points P1 and P2 only have to be set on
the device. These are specified in the CB's technical data.

All of these methods are phase-selective and a limit value can be
set in order to obtain an alarm if the actual value falls below or
exceeds the limit value during determination of the remaining
service life.

Commissioning

Commissioning could hardly be easier and is fully supported by
DIGSI 4. The status of the binary inputs can be read individually
and the state of the binary outputs can be set individually. The
operation of switching elements (circuit-breakers, disconnect
devices) can be checked using the switching functions of the bay
controller. The analog measured values are represented as wide-
ranging operational measured values.

To prevent transmission of information to the control center during
maintenance, the bay controller communications can be disabled
to prevent unnecessary data from being transmitted. During com-
missioning, all indications with test marking for test purposes can
be connected to a control and protection system.

Test operation

During commissioning, all indications can be passed to an auto-
matic control system for test purposes.

Control and automatic functions

Control

In addition to the protection functions, the SIPROTEC 4 units also
support all control and monitoring functions that are required for
operating medium-voltage or high-voltage substations.

The main application is reliable control of switching and other
processes.

The status of primary equipment or auxiliary devices can be
obtained from auxiliary contacts and communicated to the 7SJ61
via binary inputs. Therefore it is possible to detect and indicate
both the OPEN and CLOSED position or a fault or intermediate
circuit-breaker or auxiliary contact position.

The switchgear or circuit-breaker can be controlled via:
— integrated operator panel

— binary inputs

— substation control and protection system

- DIGSI 4

Protection functions

* 100000

a1
o
o
o
o
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Fig. 5/8 (B switching cycle diagram

Automation / user-defined logic

With integrated logic, the user can set, via a graphic interface
(CFQ), specific functions for the automation of switchgear or
substation. Functions are activated via function keys, binary input
or via communication interface.

Switching authority

Switching authority is determined according to parameters and
communication.

If a source is set to “"LOCAL", only local switching operations are
possible. The following sequence of switching authority is laid
down: “LOCAL"; DIGSI PC program, “REMOTE".

Command processing

All the functionality of command processing is offered. This
includes the processing of single and double commands with
or without feedback, sophisticated monitoring of the control
hardware and software, checking of the external process, control
actions using functions such as runtime monitoring and
automatic command termination after output. Here are some
typical applications:
* Single and double commands using 1, 1 plus 1 common or

2 trip contacts

* User-definable bay interlocks

* Operating sequences combining several switching operations
such as control of circuit-breakers, disconnectors and ground-
ing switches

* Triggering of switching operations, indications or alarm by
combination with existing information
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Functions

Functions

Assignment of feedback to command

The positions of the circuit-breaker or switching devices and
transformer taps are acquired by feedback. These indication inputs
are logically assigned to the corresponding command outputs. The
unit can therefore distinguish whether the indication change is a
consequence of switching operation or whether it is a spontane-
ous change of state.

Chatter disable

Chatter disable feature evaluates whether, in a configured period
of time, the number of status changes of indication input exceeds
a specified figure. If exceeded, the indication input is blocked for
a certain period, so that the event list will not record excessive
operations.

Indication filtering and delay
Binary indications can be filtered or delayed.

Filtering serves to suppress brief changes in potential at the indica-
tion input. The indication is passed on only if the indication voltage
is still present after a set period of time. In the event of indication
delay, there is a wait for a preset time. The information is passed
on only if the indication voltage is still present after this time.

Indication derivation

A further indication (or a command) can be derived from an exist-
ing indication. Group indications can also be formed. The volume
of information to the system interface can thus be reduced and
restricted to the most important signals.

Measured values

The r.m.s. values are calculated from the acquired current. The
following functions are available for measured value processing:
e Currents I1q, I12, I3, Ig, Ieg (50Ns)

e Symmetrical components I, Iz, 3Ip

* Mean as well as minimum and maximum current values
 Operating hours counter

* Mean operating temperature of overload function

e Limit value monitoring
Limit values are monitored using programmable logic in the
CFC. Commands can be derived from this limit value indica-
tion.

e Zero suppression
In a certain range of very low measured values, the value is set
to zero to suppress interference.

LSP2077f.eps

Fig. 5/9 NXAIR panel (air-insulated)

Metered values

If an external meter with a metering pulse output is available, the
SIPROTEC 4 unit can obtain and process metering pulses via an
indication input.

The metered values can be displayed and passed on to a control
center as an accumulation with reset.

Switchgear cubicles for high/medium voltage

All units are designed specifically to meet the requirements of
high/medium-voltage applications.

In general, no separate measuring instruments or additional
control components are necessary.
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Communication

mmunication :
Communicatio Substation controller

In terms of communication, the units offer substantial flexibility

in the context of connection to industrial and power automation
standards. Communication can be extended or added on thanks

to modules for retrofitting on which the common protocols run.
Therefore, also in the future it will be possible to optimally inte-
grate units into the changing communication infrastructure, for
example in Ethernet networks (which will also be used increasingly
in the power supply sector in the years to come).

Serial front interface

fiiifi )
%
D 0

There is a serial RS232 interface on the front of all the units. All of b=

the unit's functions can be set on a PC by means of the DIGSI 4 D[@ Egg D@ @E
protection operation program. Commissioning tools and fault

analysis are also built into the program and are available through

this interface. Fig. 5/10 IEC 60870-5-103: Radial fiber-optic connection

LSA2253-bgpen.eps

Rear-mounted interfaces"

Option: Control
SICAM I:I center
PAS /I\

G

A number of communication modules suitable for various applica-
tions can be fitted in the rear of the flush-mounting housing. In
the flush-mounting housing, the modules can be easily replaced
by the user.

The interface modules support the following applications: ><

* Time synchronization interface Switch
All units feature a permanently integrated electrical time ] | £
synchronization interface. It can be used to feed timing
telegrams in IRIG-B or DCF77 format into the units via time
synchronization receivers.

N

Y
Y

Y

-

N
N
Y

System interface

Communication with a central control system takes place
through this interface. Radial or ring type station bus topolo-
gies can be configured depending on the chosen interface.
Furthermore, the units can exchange data through this
interface via Ethernet and IEC 61850 protocol and can also be
operated by DIGSI.

Service interface Fig. 5/11 Bus structure for station bus with Ethernet

The service interface was conceived for remote access to a and [EC 61850, fiber-optic ring
number of protection units via DIGSI. On all units, it can be

1]
i)

m)

 — )
FHH
FHHG
LSA4469en.eps
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Ek
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o

o i

an electrical RS232/RS485 or an optical interface. For special
applications, a maximum of two temperature monitoring
boxes (RTD-box) can be connected to this interface as an
alternative.

System interface protocols (retrofittable)

IEC 61850 protocol

The Ethernet-based IEC 61850 protocol is the worldwide standard
for protection and control systems used by power supply corpora-
tions. Siemens was the first manufacturer to support this standard.
By means of this protocol, information can also be exchanged
directly between bay units so as to set up simple masterless
systems for bay and system interlocking. Access to the units via the
Ethernet bus is also possible with DIGSI.

IEC 60870-5-103 protocol

The IEC 60870-5-103 protocol is an international standard for the
transmission of protective data and fault recordings. All messages

1) For units in panel surface-mounting housings
please refer to note on page 5/77.

from the unit and also control commands can be transferred by
means of published, Siemens-specific extensions to the protocol.

Redundant solutions are also possible. Optionally it is possible to
read out and alter individual parameters (only possible with the
redundant module).

PROFIBUS DP protocol

PROFIBUS DP is the most widespread protocol in industrial automa-
tion. Via PROFIBUS DP, SIPROTEC units make their information
available to a SIMATIC controller or, in the control direction, receive
commands from a central SIMATIC. Measured values can also be
transferred.

MODBUS RTU protocol

This uncomplicated, serial protocol is mainly used in industry and
by power supply corporations, and is supported by a number of
unit manufacturers. SIPROTEC units function as MODBUS slaves,
making their information available to a master or receiving
information from it.

A time-stamped event list is available.

Siemens SIP - Edition No. 8| 5/11
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Overcurrent Protection/7SJ61

Communication

PROFINET

Operating and Telecontrol interface to Time
PROFINET is the ethernet-based successor monitoring system control centers synchroni-
of PROFIBUS DP and is supported in the (6.9. IEC 60870-5-104) Bee aps
variant PROFINET 10. The protocol which ”(
is used in industry together with the
SIMATIC systems control is realized on
the optical and electrical Plus ethernet Substation
modules which are delivered since St e I controller
November 2012. All network redundancy L = L
procedures which are available for the RS485
ethernet modules, such as RSTP, PRP or RS 485/
HSR, are also available for PROFINET. The optical 2
time synchronization is made via SNTP. converter g
The network monitoring is possible via g
SNMP V2 where special MIB files exist E — — %%“ggg %
for PROFINET. The LLDP protocol of the = & = converter
device also supports the monitoring of :,E oo s .
the network topology. Single-point indica- 1 EH EHE L=

tions, double-point indications, measured
and metered values can be transmitted
cyclically in the monitoring direction

via the protocol and can be selected by
the user with DIGSI 4. Important events
are also transmitted spontaneously via
configurable process alarms. Switching
commands can be executed by the system
control via the device in the controlling
direction. The PROFINET implementation
is certifi ed. The device also supports

the IEC 61850 protocol as a server on

the same ethernet module in addition

to the PROFINET protocol. Client server
connections are possible for the intercom-
munication between devices, e.g. for
transmitting fault records and GOOSE
messages.

75J645

DNP 3.0

Power utilities use the serial DNP 3.0 (Dis-
tributed Network Protocol) for the station
and network control levels. SIPROTEC units
function as DNP slaves, supplying their
information to a master system or receiving
information from it.

DNP3 TCP

The ethernet-based TCP variant of the DNP3 protocol is supported
with the electrical and optical ethernet module. Two DNP3 TCP
clients are supported. Redundant ring structures can be realized
for DNP3 TCP with the help of the integrated switch in the module.
For instance, a redundant optical ethernet ring can be constructed.
Single-point indications, double-point indications, measured and
metered values can be configured with DIGSI 4 and are transmitted
to the DNP3 TCP client. Switching commands can be executed in
the controlling direction. Fault records of the device are stored in
the binary Comtrade format and can be retrieved via the DNP3 file
transfer. The time synchronization is performed via the DNP3 TCP
client or SNTP. The device can also be integrated into a network
monitoring system via the SNMP V2 protocol. Parallel to the DNP3
TCP protocol the IEC 61850 protocol (the device works as a server)
and the GOOSE messages of the IEC 61850 are available for the
intercommunication between devices.

7SJ631 Modem Modem DIGSI 4
Telecontrol

via modem

75J62¢ 7SJ61

DIGSI 4
(Local for commissioning)

Fig. 5/12 System solution/communication

LSP3.01-0021.ti

Fig. 5/13 Optical Ethernet communication module
for IEC 61850 with integrated Ethernet-switch

System solutions for protection and station control

Together with the SICAM power automation system, SIPROTEC 4
can be used with PROFIBUS DP. Over the low-cost electrical RS485
bus, or interference-free via the optical double ring, the units
exchange information with the control system.

Units featuring IEC 60870-5-103 interfaces can be connected to
SICAM in parallel via the RS485 bus or radially by fiber-optic link.
Through this interface, the system is open for the connection of
units of other manufacturers (see Fig. 5/10).

Because of the standardized interfaces, SIPROTEC units can also
be integrated into systems of other manufacturers or in SIMATIC.
Electrical RS485 or optical interfaces are available. The optimum
physical data transfer medium can be chosen thanks to opto-
electrical converters. Thus, the RS485 bus allows low-cost wiring
in the cubicles and an interference-free optical connection to the
master can be established.
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Overcurrent Protection/7SJ61

Typical connections

For IEC 61850, an interoperable system solution is offered with
SICAM PAS. Via the 100 Mbits/s Ethernet bus, the units are linked
with PAS electrically or optically to the station PC. The interface
is standardized, thus also enabling direct connection of units of
other manufacturers to the Ethernet bus. With IEC 61850, how-
ever, the units can also be used in other manufacturers’ systems
(see Fig. 5/11).

Typical connections

L1

® Connection of current L3

and voltage transformers -

Standard connection

For grounded networks, the ground current
is obtained from the phase currents by the
residual current circuit.

Q.
2 31,
Q3.
Q4 i I,
2 Q5 .
¢ a6 313
Q7. 9
s 3 2
H
&
— (%
Fig. 5/14 Residual current circuit
L1
L2
L3
52
Q.
@ 31,
Q3 .
Q4 31,
o Q5 .
¢ a6 3l
_____ 08
_{ Q7 3l 3
N
N = 3

Fig. 5/15 Sensitive ground current detection

Siemens SIP - Edition No. 8
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Overcurrent Protection/7SJ61

Typical applications

Overview of connection types

Type of network

Function

Current connection

(Low-resistance) grounded network

Overcurrent protection
hase/ground non-directional

Residual circuit, with 3 phase-current transformers required,
phase-balance neutral current transformer possible

(Low-resistance) grounded networks

Sensitive ground-fault protection

Phase-balance neutral current transformers required

Isolated or compensated networks

Overcurrent protection
phases non-directional

Residual circuit, with 3 or 2 phase current transformers possible

Isolated networks

Sensitive ground-fault protection

Phase-balance neutral current transformers required

Trip circuit supervision (ANSI 74TC)

5/14

Compensated networks

Typical applications

One or two binary inputs can be used for
monitoring the circuit-breaker trip coil
including its incoming cables. An alarm
signal occurs whenever the circuit is
interrupted.

Sensitive ground-fault protection

Phase-balance neutral current transformers required

Busbar

Close
2851

coil

Trip 5@ Close

52b

coil

LSA2341-bgpen.eps

VD C

Fig. 5/16 Trip circuit supervision with 2 binary inputs

52

Protection indications

511* General trip

2851* CB close command

6852* Trip circuit supervi-
sion: Trip relay

6853* Trip circuit supervi-
sion: CB aux

52a open, when CB is open
52b open, when CB is closed
Bl Binary input

TRIP Breaker| BI1 | BI2
contact

open |closed | H L
open |open H |H
closed |closed | L L
closed | open L H
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Technical data

General unit data

Electrical tests

Measuring circuits

Specification

System frequency

50/ 60 Hz (settable)

Current transformer

Rated current Inom
Option: sensitive ground-fault CT

Power consumption
atInom=1A
atIhom=5A
for sensitive ground-fault CT at 1 A

Overload capability
Thermal (effective)

Dynamic (impulse current)

Overload capability if equipped with
sensitive ground-fault CT
Thermal (effective)

Dynamic (impulse current)

1 or 5 A (settable)
IEE <1.6 A

Approx. 0.05 VA per phase
Approx. 0.3 VA per phase
Approx. 0.05 VA

500 A for1s

150 A for10's

20 A continuous

250 X Inom (half cycle)

300 Afor1s

100 A for10's

15 A continuous
750 A (half cycle)

Standards

IEC 60255
ANSI C37.90, C37.90.1, C37.90.2,
UL508

Insulation tests

Standards

Voltage test (100 % test)
all circuits except for auxiliary
voltage and RS485/RS232 and
time synchronization
Aucxiliary voltage
Communication ports
and time synchronization

Impulse voltage test (type test)

all circuits, except communication

ports and time synchronization,
class Il

IEC 60255-5; ANSI/IEEE C37.90.0
2.5kV (r.m.s. value), 50/60 Hz

DC 3.5 kV
AC 500V

5 kV (peak value); 1.2/50 ps; 0.5 J
3 positive and 3 negative impulses
atintervals of 5 s

EMC tests for interference immunity; type tests

Auxiliary voltage (via integrated converter)

Rated auxiliary
voltage Vaux AC

Permissible tolerance

AC
Ripple voltage, peak-to-peak <12 %
Power consumption

Quiescent
Energized

Backup time during
loss/short-circuit of
auxiliary voltage

DC 24/48V 60/125V 110/250 V

1151230V

DC 19-58V 48-150V 88-330V
92-138V 184-265V

Approx. 3 W

Approx. 7 W
=50msatV=DC110V
=20msatV=DC24V
=200 msat AC 115 V/230V

Binary inputs/indication inputs

Type 75J610 751611, 751612,
75J613 75J614
Number 3 8 11
Voltage range DC 24-250V
Pickup threshold Modifiable by plug-in jumpers
Pickup threshold DC19V 88V
For rated control voltage DC 24/48/60/110/125V ~ 110/220/250 V

Response time/
drop-out time

Power consumption
energized

Approx. 3.5 ms
1.8 mA (independent of operating voltage)

Binary outputs/command outputs

Type

Number command/indication relay

Contacts per command/
indication relay

Live status contact

Switching capacity Make

Break

Switching voltage =DC250V

Permissible current

75J610, 7SJ611, 7SJ613
75)612, 7SJ614

4 8 6

1 NO/formA

(2 contacts changeable to
NC/form B, via jumpers)

1 NO I NC (jumper) | form
AlB

1000 WIVA

30 WIVA | 40 Wresistive /
25 W at L/IR =50 ms

5 A continuous, 30 A for 0.5 s making current,

2000 switching cycles

Standards

High-frequency test
IEC 60255-22-1, class IlI
and VDE 0435 Part 303, class Il

Electrostatic discharge
IEC 60255-22-2 class IV
and EN 61000-4-2, class IV

Irradiation with radio-frequency
field, non-modulated
IEC 60255-22-3 (Report) class IlI

Irradiation with radio-frequency
field, amplitude-modulated
IEC 61000-4-3; class Il

Irradiation with radio-frequency
field, pulse-modulated

IEC 61000-4-3/ENV 50204; class Il

Fast transient interference/burst
IEC 60255-22-4 and
IEC 61000-4-4, class IV

High-energy surge voltages
(Surge)

IEC 61000-4-5; class Il
Auxiliary voltage

Binary inputs/outputs

Line-conducted HF,
amplitude-modulated
IEC 61000-4-6, class Il

Power frequency magnetic field
IEC 61000-4-8, class IV
IEC 60255-6

Oscillatory surge withstand
capability
ANSI/IEEE C37.90.1

IEC 60255-6; IEC 60255-22
(product standard)

EN 50082-2 (generic specification)
DIN 57435 Part 303

2.5 kV (peak value); 1 MHz; t=15 ms;
400 surges per s; test duration 2 s

8 kV contact discharge;
15 kV air gap discharge;
both polarities; 150 pF; Rj =330 Q

10 Vim; 27 to 500 MHz

10 VIm, 80 to 1000 MHz;
AM 80 %; 1 kHz

10 VIm, 900 MHz; repetition
rate 200 Hz, on duration 50 %

4 kV; 5/50 ns; 5 kHz;

burst length = 15 ms;

repetition rate 300 ms; both polarities;
Ri =50 Q; test duration 1 min

From circuit to circuit: 2 kV; 12 Q; 9 pF
across contacts: 1 kV; 2 Q ;18 pF

From circuit to circuit: 2 kV; 42 Q;
0.5 pF
across contacts: 1 kV; 42 Q; 0.5 pF

10 V; 150 kHz to 80 MHz;
AM 80 %; 1 kHz

30 Alm; 50 Hz, continuous
300 A/lm; 50 Hz, 3 s
0.5 mT, 50 Hz

2.5 to 3 kV (peak value), 1 to 1.5 MHz
damped wave; 50 surges pers;
duration 2's, Rj= 150 to 200 Q
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Technical data

EMC tests for interference immunity; type tests (cont'd)

Climatic stress tests

Fast transient surge withstand
capability ANSI/IEEE C37.90.1

Radiated electromagnetic
interference
ANSI/IEEE C37.90.2

Damped wave
IEC 60694 | IEC 61000-4-12

4 to 5 kV; 10/150 ns; 50 surges per s
both polarities; duration 2's, Rj=80 Q

35 VIm; 25 to 1000 MHz;
amplitude and pulse-modulated

2.5 kV (peak value, polarity
alternating)

100 kHz, 1 MHz, 10 and 50 MHz,
Ri=200Q

Temperatures

EMC tests for interference emission; type tests

Standard
Conducted interferences
only auxiliary voltage IEC/CISPR 22

Radio interference field strength
IEC/ICISPR 11

Units with a detached operator
panel must be installed in a metal
cubicle to maintain limit class B

EN 50081-* (generic specification)
150 kHz to 30 MHz
Limit class B

30 to 1000 MHz
Limit class B

Type-tested acc. to IEC 60068-2-1
and -2, test Bd, for 16 h

Temporarily permissible operating
temperature, tested for 96 h

Recommended permanent

operating temperature acc. to

IEC 60255-6

(Legibility of display may be

impaired above +55 °C /+131 °F)

— Limiting temperature during
permanent storage

— Limiting temperature during
transport

-25°Cto +85°C/-13 °F to +185 °F

-20°Cto +70°C/-4 °F to -158 °F

-5°Cto +55°C/+25°F to +131 °F

-25°Cto +55°C/-13 °F to +131 °F

-25°Cto +70°C/-13 °F to +158 °F

Humidity

Mechanical stress tests

Permissible humidity

It is recommended to arrange the
units in such a way that they are
not exposed to direct sunlight or
pronounced temperature changes
that could cause condensation.

Annual average 75 % relative
humidity; on 56 days a year up to
95 % relative humidity;
condensation not permissible!

Vibration, shock stress and seismic vibration

During operation
Standards
Vibration

IEC 60255-21-1, class 2
IEC 60068-2-6

Shock
IEC 60255-21-2, class 1
IEC 60068-2-27

Seismic vibration
IEC 60255-21-3, class 1
IEC 60068-3-3

During transportation
Standards

Vibration
IEC 60255-21-1, class 2
IEC 60068-2-6

Shock
IEC 60255-21-2, Class 1
IEC 60068-2-27

Continuous shock
IEC 60255-21-2, class 1
IEC 60068-2-29
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IEC 60255-21 and IEC 60068-2

Sinusoidal

10 to 60 Hz; + 0.075 mm amplitude;
60 to 150 Hz; 1 g acceleration
frequency sweep 1 octave/min

20 cycles in 3 perpendicular axes

Semi-sinusoidal
Acceleration 5 g, duration 11 ms;
3 shocks in both directions of 3 axes

Sinusoidal

1to 8 Hz: + 3.5 mm amplitude
(horizontal axis)

1to 8 Hz: + 1.5 mm amplitude
(vertical axis)

8 to 35 Hz: 1 g acceleration
(horizontal axis)

8 to 35 Hz: 0.5 g acceleration
(vertical axis)

Frequency sweep 1 octave/min
1 cycle in 3 perpendicular axes

IEC 60255-21 and IEC 60068-2

Sinusoidal

5to 8 Hz: £ 7.5 mm amplitude;
8 to 150 Hz; 2 g acceleration,
frequency sweep 1 octave/min
20 cycles in 3 perpendicular axes

Semi-sinusoidal
Acceleration 15 g, duration 11 ms
3 shocks in both directions of 3 axes

Semi-sinusoidal

Acceleration 10 g, duration 16 ms
1000 shocks in both directions

of 3 axes

Unit design

Housing 7XP20

Dimensions See dimension drawings, part 14
Weight

1/3 19", surface-mounting housing
113 19", flush-mounting housing
1/2 19", surface-mounting housing
112 19", flush-mounting housing

Degree of protection

acc. to EN 60529
Surface-mounting housing
Flush-mounting housing
Operator safety

4.5 kg
4.0 kg
7.5 kg
6.5 kg

IP 51
Front: IP 51, rear: IP 20;
IP 2x with cover

Futher information can be found in the current manual at:

www.siemens.com/siprotec



Selection and ordering data

Description

Order No.

7SJ61multifunction protection relay

Housing, binary inputs (BI) and outputs (BO)
Housing 519", 4 line text display, 3 Bl, 4 BO, 1 live status contact

7s)61L1L1-CIL] C1-C]

%

Housing 519", 4 line text display, 8 Bl, 8 BO, 1 live status contact

Housing 519", 4 line text display, 11 BI, 6 BO, 1 live status contact

Housing 219", graphic display, 8 Bl, 8 BO, 1 live status contact 7)

Housing 219", graphic display, 11 Bl, 6 BO, 1 live status contact 7)

S (W N |- O

Measuring inputs (4 x I)

Ioh =1A", Ie =1AD (min. = 0.05 A)
Position 15 only with A

Ioh =1AD, I = sensitive (min. = 0.001 A)
Position 15 only with B

Iph =5A", I, =5A" (min. = 0.25 A)
Position 15 only with A

Ioh =5A1), I = sensitive (min. = 0.001 A)
Position 15 only with B

Iph =5A", I, =1A" (min. = 0.05 A)
Position 15 only with A

Rated auxiliary voltage (power supply, indication voltage)
DC 24 to 48 V, threshold binary input DC 19 V 3)

DC 60 to 125 V 2), threshold binary input DC 19 V 3)

DC 110 to 250 V 2), AC 115 to 230 V4, threshold binary input DC 88 V 3)

DC 110 to 250 V 2, AC 115 to 230 V4, threshold binary input DC 176 VV 3

o (Ul [N

Unit version
For panel surface mounting, 2 tier terminal top/bottom

T %

For panel flush mounting, plug-in terminal (2/3 pin connector)

For panel flush mounting, screw-type terminal (direct connection/ring-type cable lugs)

Region-specific default settings/function versions and language settings
Region DE, 50 Hz, IEC, language: German, selectable

Region World, 50/60 Hz, IEC/ANSI, language: English (GB), selectable

Region US, 60 Hz, ANSI, language: English (US), selectable

Region FR, 50/60 Hz, IEC/ANSI, language: French, selectable

Region World, 50/60 Hz, IEC/ANSI, language: Spanish, selectable

Region IT, 50/60 Hz, IEC/ANSI, language: Italian, selectable

m m |g N (@ >

System interface (Port B): Refer to page 5/77
No system interface

Protocols see page 5/77

Service interface (Port C)

No interface at rear side 0
DIGSI 4/ modem, electrical RS232 1
DIGSI 4/ modem /RTD-box>), electrical RS485 2
DIGSI 4/modem /RTD-box>)6), optical 820 nm wavelength, ST connector 3
Measuring/fault recording
Fault recording 1
Slave pointer,mean values, min/max values, fault recording 3
1) Rated current can be selected by means of jumpers. 5) Temperature monitoring box 7XV5662-[JAD10,
2) Transition between the two auxiliary voltage ranges can be selected refer to “Accessories”.
by means of jumpers. 6) When using the temperature monitoring box at an optical interface,
3) The binary input thresholds can be selected per binary input by the additional RS485 fiber-optic converter 7XV5650-0[JA0O is
means of jumpers. required.

4) AC 230V, starting from device version .../EE.

7) starting from device version .../GG and FW-Version V4.82
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Selection and ordering data

Description

Order No. Order code

7SJ61multifunction protection relay
Designation ANSI No. Description

Basic version Control

50/51 Overcurrent protection I>, I>>, I>>>, I,

50N/51N Ground-fault protection Ig>, Ie>>, Ig>>>, Igp

50N/51N Ground-fault protection via insensitive
IEE function: Igg>, Ige>>, eep"

50/50N Flexible protection functions (index quantities
derived from current): Additional time-overcurrent
protection stages I;>, [I>>>>, [g>>>>

49 Overload protection (with 2 time constants)

46 Phase balance current protection
(negative-sequence protection)

50BF Breaker failure protection

37 Undercurrent monitoring

74TC Trip circuit supervision

4 setting groups, cold-load pickup
Inrush blocking

7s161 0 0-00000-0000

86 Lockout FlA
u IEF Intermittent ground fault P|Al
] 50Ns/51Ns Sensitive ground-fault detection (non-directional)

87N High-impedance restricted ground fault Elgl
[ ] IEF 50Ns/51Ns Sensitive ground-fault detection (non-directional)

87N High-impedance restricted ground fault

Intermittent ground fault P|BP

B Motor IEF  50Ns/51Ns Sensitive ground-fault detection (non-directional)

87N High-impedance restricted ground fault

Intermittent ground fault

48/14 Starting time supervision, locked rotor

66/86 Restart inhibit

51M Load jam protection, motor statistics R|BP
B Motor 50Ns/51Ns  Sensitive ground-fault detection (non-directional)

87N High-impedance restricted ground fault

48/14 Starting time supervision, locked rotor

66/86 Restart inhibit

51M Load jam protection, motor statistics HIBP
H Motor 48114 Starting time supervision, locked rotor

66/86 Restart inhibit

51M Load jam protection, motor statistics HIA
ARC Without 0

79 With auto-reclosure

Basic version included
IEF = Intermittent ground fault

1) 50N/51N only with insensitive ground-current transformer
when position7=1, 5, 7.

2) Sensitive ground-current transformer only when position 7 = 2, 6.
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Selection and ordering data

Description Order No. Order code
7SJ61multifunction protection relay 7s)61 L1 01-OI0IOICIO-0000-CICIC]

System interface (on rear of unit, Port B)

No system interface

IEC 60870-5-103 protocol, RS232

IEC 60870-5-103 protocol, RS485

IEC 60870-5-103 protocol, 820 nm fiber, ST connector

PROFIBUS DP Slave, RS485

PROFIBUS DP Slave, 820 nm wavelength, double ring, ST connector )
MODBUS, RS485

MODBUS, 820 nm wavelength, ST connector 2)

DNP 3.0, RS485

DNP 3.0, 820 nm wavelength, ST connector 2)

IEC 60870-5-103 protocol, redundant, RS485, RJ45 connector 2)

IEC 61850, 100 Mbit Ethernet, electrical, double, RJ45 connector (EN 100)
IEC 61850, 100 Mbit Ethernet, optical, double, LC connector (EN 100) 2)
DNP3 TCP + IEC 61850, 100Mbit Eth, electrical, double, RJ45 connector 3)
DNP3 TCP + IEC 61850, 100Mbit Eth, optical, double, LC connector 3)
PROFINET + IEC 61850, 100Mbit Eth, electrical, double, RJ45 connector 3)
PROFINET + IEC 61850, 100Mbit Eth, optical, double, RJ45 connector 3)

W[ (VW |(V| (V| V|V |V |V (VO |V | (V| V|V W |N |= O

Ll Ll Rl o 1 oI o ol I ol I ol Il
w w|N|N|o|o|o|o|o|o|o|o o
w o | I|n|X|v|T|O|m|0|w|>

1) Not with position 9 = “B”; if 9 = “B”, please order 7SJ6 unit with RS485 port and separate fiber-optic converters.
For single ring, please order converter 6GK1502-3AB10, not available with position 9 = “B".
For double ring, please order converter 6GK1502-4AB10, not available with position 9 = “B".
The converter requires a AC 24 V power supply (e.g. power supply 7XV5810-0BA00).

2) Not available with position 9 = “B".
3) Available with V4.9

Sample order

Position Order No. + Order code
75)6125-5EC91-3

VSIS

6 1/10’s: 11 BI/6 BO, 1 live status contact %)

7 Current transformer: 5 A 5

8 Power supply: DC 110 to 250 V, AC 115 V to AC 230 V 5

9 Unit version: Flush-mounting housing, screw-type terminals E
10 Region: US, English language (US); 60 Hz, ANSI C
11 Communication: System interface: DNP 3.0, RS485 9 LlolG
12 Communication: DIGSI 4, electric RS232 1
13 Measuring/fault recording: Extended measuring and fault records 3

14/15 Protection function package: Basic version FIA

16 With auto-reclosure 1
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Overcurrent Protection/7SJ61

Selection and ordering data

Temperature monitoring box
ACIDC 24 to 60 V
AC/DC 90 to 240 V

7XV5662-2AD10
7XV5662-5AD10

Varistor/Voltage Arrester

Voltage arrester for high-impedance REF protection
125 Vrms; 600 A; 1SIS 256

240 Vrms; 600 A; 1S/S 1088

C53207-A401-D76-1
C53207-A401-D77-1

Connecting cable

Cable between PC/notebook (9-pin con.) and protection unit
(9-pin connector) (contained in DIGSI 4, but can be ordered
additionally)

Cable between temperature monitoring box and
SIPROTEC 4 unit
-length 5 m/16.4 ft

- length 25 m/82 ft
- length 50 m/164 ft

7XV5100-4

7XV5103-7AA05
7XV5103-7AA25
7XV5103-7AA50

Manual for 75161
English/German

C53000-G1140-C210-x V

1) x = please inquire for latest edition (exact Order No.).
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Overcurrent Protection/7SJ61

Selection and ordering data

[ = g Terminal safety cover
) % Voltage/current terminal 18-pole/12-pole C73334-A1-C31-1 1 Siemens
f T ¢ Voltage/current terminal 12-pole/8-pole C73334-A1-C32-1 1 Siemens
Mounting rail % Connector 2-pin C73334-A1-C35-1 1 Siemens
Connector 3-pin C73334-A1-C36-1 1 Siemens
Crimp connector CI2 0.5 to 1 mm?2 0-827039-1 4000 n
taped on reel
;z ;2 Crimp connector Cl2 0.5 to 1 mm?2 0-827396-1 1 n
i B Crimp connector: Type lll+ 0.75 to 1.5 mm2 0-163084-2 1 n
- - Crimp connector: Type lll+ 0.75 to 1.5 mm2  0-163083-7 4000 Q)
4 4 taped on reel
2-pin connector 3-pin connector Crimping tool for Type Ill+ 0-539635-1 1 n
and matching female 0-539668-2 1 N
Crimping tool for CI2 0-734372-1 1 n
2 2 and matching female 1-734387-1 1 n
“E § Short-circuit links
% % for current terminals C73334-A1-C33-1 1 Siemens
2 2 for other terminals C73334-A1-C34-1 1 Siemens
Short-circuit links Short-circuit links
for current terminals  for current terminals Mounting rail for 19" rack C73165-A63-D200-1 1 Siemens

1) Your local Siemens representative can inform you on local suppliers.
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Overcurrent Protection/7SJ61

Connection diagram

Housing for panel surface mounting

; — 7SJBT0X-X B XXX-XXXX

Housing for flush mounting
‘ P ‘ 7SJB10x-x D xxx-xxxX
E

! 1, o1
30 Q2 H L F7 25
(14 ! ha BO2 : (9]
29 4 H [F9] 2 72
i3 —* 1 ‘ [26]
— gl E BO3 8011 32 g
(28 06T TP 50 T L |-
12 3y, 1, — g
_-_E_rww_l o 1e —o—0— S
27 o8 Boa —~ | P | 12 L [F[e];
F13 49 BO2+7 3
E 2

As of unit version .../EE

42 F15 | BI2 L LS |
[— ive status
57 {F16} i contact
|
[F17] e
Ergl

H

Earthing at =
rear of housing g ‘

|
! i Power =) : } LF]
‘ ‘ supply = — ‘ [F2} ‘ i
o -
| ‘ System | 1: 5| 0
i ‘ interface } O i
i ‘ Service ‘ @ c ‘ E
| ‘ interface ‘ o i
‘ | |
i ! -srg/n;Shronization ! j A i K
| ‘ Operator ! | *
! i interface ‘ ! )
| | ‘ |
| | |
| | |
| | |
| |

LSA2821-cgpen.eps

*) For pinout of communication ports see part 14 of this catalog.
For the allocation of the terminals of the panel surface-mounting version
refer to the manual (http://lwww.siemens.com/siprotec).

Fig. 5/17 7SJ610 connection diagram
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Overcurrent Protection/7SJ61

Connection diagram

Housing for panel surface mounting 75J6711%-X B XXX-XXXX

i -— 7SJ613X-X B XXX-XXXX

75J611x-x D XXX-XXXX

T
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e |
R5 47
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42 [F151 BI2 _ =N 55
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‘
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Earthing at i
rear of housing 9 ‘

|
| i Power ) + i [F1} 0
40 Ro+— " Bl4 Power ) = z
55 [R10} } H BI5 j |
39 [Re} ‘ T BI8 ‘ ‘
54‘ (A7} ‘ System } 1: B ‘ "
38 [R11H Z— BI6 erface o ‘
53 @ i ZI BI7 — ! I i i ;
: = ‘ interface ‘ o ‘
| N
! l—lyrgghronization } j A i *)
‘ Operator ! j i .
i interface ‘ |
| P
‘ I
| |
‘ I
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*) For pinout of communication ports see part 14 of this catalog.
For the allocation of the terminals of the panel surface-mounting version
refer to the manual (http://lwww.siemens.com/siprotec).

Fig. 5/18 7SJ611, 7SJ613 connection diagram
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Overcurrent Protection/7SJ61

Connection diagram

Housing for panel surface mounting

o1 -
30 a2 H
(3 }—
29 @i
28 @i
27 fasH

42 {F16 H

57 (Fie} ‘
IE‘, [F18]
40 [Rol
55 {R10}
39 [R11}
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37 [Ré ]
a7 1

IU
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BI2

BI3

Bl4
BI5
BI6
BI7
BI8
BI9
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7SJ612

e

L [ Far |
BO1 r l 1 F6 |
LF7 |
BO2 :
—LF9 |
BO3 r
— F11
BO4 _‘—-—
— F13
BOS :
i R3
BO7 |—
} Rb
Live status |
contact
Power
supply

System
interface

Service
interface

Time
synchronization

Operator
interface

7 7 BohOoh

Earthing at
rear of housing

LSA2822-cgpen.eps

‘—L-

*) For pinout of communication ports see part 14 of this catalog.
For the allocation of the terminals of the panel surface-mounting version
refer to the manual (http://lwww.siemens.com/siprotec).

Fig. 5/19 7SJ612, 7SJ614 connection diagram
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Overcurrent Protection/7SJ62

SIPROTEC 7SJ62 multifunction protection relay

Protection functions (continued)
- * Inrush restraint
* Motor protection
* Overload protection
» Temperature monitoring

» Under-/overvoltage protection

|

[ ] * Under-/overfrequency protection
... * Rate-of-frequency-change protection
¥ * Power protection (e.g. reverse, factor)

ps

a

g

c

@

E il e * Undervoltage controlled reactive power

a B ) = protection

o~ O

o i > . .

a HEg & * Breaker failure protection
=== * Negative-sequence protection
BRg * Phase-sequence monitoring

* Synchro-check

e Fault locator
Fig. 5/20 Multifunction protection relay with text (left) and graphic display « Lockout

¢ Auto-reclosure

Control functions/programmable logic

Description .

e Commands f. ctrl of CB and of isolators
The SIPROTEC 75J62 relays can be used for line protection of * Position of switching elements is shown on the graphic display
high and medium voltage networks with earthed (grounded), « Control via keyboard, binary inputs, DIGSI 4 or SCADA system

low-resistance grounded, isolated or compensated neutral point.
With regard to motor protection, the SIPROTEC 7SJ62 is suitable
for asynchronous machines of all sizes. The relay performs all Monitoring functions
functions of backup protection supplementary to transformer
differential protection.

¢ User-defined logic with CFC (e.g. interlocking)

* Operational measured values V, I, f
. . . ) ) * Energy metering values Wy, Wy
7S)62 is featuring the "flexible protection functions". Up to

20 protection functions can be added according to individual * Circuit-breaker wear monitoring

requirements. Thus, for example, a rate-of-frequency-change * Slave pointer
protection or reverse power protection can be implemented. « Trip circuit supervision
The relay provides control of the circuit-breaker, further * Fuse failure monitor

switching devices and automation functions. The integrated pro-  « 8 oscillographic fault records
grammable logic (CFC) allows the user to implement their own
functions, e. g. for the automation of switchgear (interlocking).

* Motor statistics

The user is also allowed to generate user-defined messages. Communication interfaces
The flexible communication interfaces are open for modern * System interface
communication architectures with control systems. - IEC 60870-5-103/IEC 61850
— PROFIBUS DP
— DNP 3/DNP3 TCP/MODBUS RTU
Function overview — PROFINET

¢ Service interface for DIGSI 4 (modem)
¢ Front interface for DIGSI 4
* Time synchronization via IRIG B/IDCF77

Protection functions
» Overcurrent protection
e Directional overcurrent protection
* Sensitive directional ground-fault detection
* Displacement voltage Hardware
e Intermittent ground-fault protection
. . . . . ¢ 4 current transformers
* Directional intermittent ground fault protection
L . ¢ 3/4 voltage transformers
e High-impedance restricted ground fault . .

¢ 8/11 binary inputs

* 8/6 output relays
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Application
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' RTD = resistance temperature detector

Fig. 5/21 Function diagram

Application

The SIPROTEC 7SJ62 unit is a numerical protection relay that also
performs control and monitoring functions and therefore sup-
ports the user in cost-effective power system management, and
ensures reliable supply of electric power to the customers. Local
operation has been designed according to ergonomic criteria. A
large, easy-to-read display was a major design aim.

Control

The integrated control function permits control of disconnect
devices, grounding switches or circuit-breakers via the inte-
grated operator panel, binary inputs, DIGSI 4 or the control and
protection system (e.g. SICAM). The present status (or position)
of the primary equipment can be displayed, in case of devices
with graphic display. A full range of command processing func-
tions is provided.

Programmable logic

The integrated logic characteristics (CFC) allow the user to
implement their own functions for automation of switchgear
(interlocking) or a substation via a graphic user interface. The
user can also generate user-defined messages.

Line protection

The 7SJ62 units can be used for line protection of high and
medium-voltage networks with earthed (grounded), low-
resistance grounded, isolated or compensated neutral point.
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Synchro-check

In order to connect two components of a power system, the
relay provides a synchro-check function which verifies that
switching ON does not endanger the stability of the power
system.

Motor protection

When protecting motors, the 7SJ62 relay is suitable for asyn-
chronous machines of all sizes.

Transformer protection

The relay performs all functions of backup protection supple-
mentary to transformer differential protection. The inrush
suppression effectively prevents tripping by inrush currents.
The high-impedance restricted ground-fault protection detects
short-circuits and insulation faults on the transformer.

Backup protection

The 7SJ62 can be used universally for backup protection.

Flexible protection functions

By configuring a connection between a standard protection logic
and any measured or derived quantity, the functional scope of
the relays can be easily expanded by up to 20 protection stages
or protection functions.

Metering values

Extensive measured values, limit values and metered values
permit improved system management.



Application

ANSI

IEC

Protection functions

50, 50N

I>, I>>, I>>>, I[g>, [g>>,1g>>>

Definite-time overcurrent protection (phase/neutral)

50, 51V, 51N

Io Iep

Inverse overcurrent protection (phase/neutral), phase function with voltage-dependent option

67, 67N

Tair>, Igir>>, Ip dir
Iedir>, Iedir>>, Iep dir

Directional overcurrent protection (definite/inverse, phase/neutral),
Directional comparison protection

7Ns/50Ns

Iee>, Iee>>, Iegp

Directional /non-directional sensitive ground-fault detection

Cold load pick-up (dynamic setting change)

59N/64 Ve, Vo> Displacement voltage, zero-sequence voltage
Iie> Intermittent ground fault
67Ns I dir> Directional intermittent ground fault protection
87N High-impedance restricted ground-fault protection
S0BF Breaker failure protection
Auto-reclosure
Synchro-check
> Phase-balance current protection (negative-sequence protection)

V2>, phase-sequence

Unbalance-voltage protection and/or phase-sequence monitoring

@@g@g@@@@@@'

> Thermal overload protection
Starting time supervision
Load jam protection
Locked rotor protection
6 Restart inhibit
I Undercurrent monitoring
Temperature monitoring via external device (RTD-box), e.g. bearing temperature monitoring
27,59 V<, V> Undervoltage/overvoltage protection
dvidt Rate-of-voltage-change protection
@ P<>, Q<> Reverse-power, forward-power protection
Q>/V< Undervoltage-controlled reactive power protection
@ cos @ Power factor protection
>, f< Overfrequency/underfrequency protection
dfidt Rate-of-frequency-change protection

N
-
M
—

Fault locator
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Overcurrent Protection/7SJ62

Construction, protection functions

tDe\ay‘
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50-1 502 oo T
Fig. 5/22 Rear view with screw-type Fig. 5/23 Definite-time overcurrent protection  Fig. 5/24 Inverse-time overcurrent protection

terminals, 1/3-rack size

Construction

Connection techniques and housing with many advantages

1/3-rack size (text display variants) and 1/2-rack size (graphic
display variants) are the available housing widths of the 75J62
relays, referred to a 19" module frame system. This means that
previous models can always be replaced. The height is a uniform
244 mm for flush-mounting housings and 266 mm for surface-
mounting housing. All cables can be connected with or without
ring lugs.

In the case of surface mounting on a panel, the connection
terminals are located above and below in the form of screw-type
terminals. The communication interfaces are located in a sloped
case at the top and bottom of the housing.

Protection functions

Overcurrent protection (ANSI 50, 50N, 51, 51V, 51N)

This function is based on the phase-selective measurement of
the three phase currents and the ground current (four trans-
formers). Three definite-time overcurrent protection elements
(DMT) exist both for the phases and for the ground. The current
threshold and the delay time can be set within a wide range.

In addition, inverse-time overcurrent protection characteristics
(IDMTL) can be activated.

The inverse-time function provides — as an option — voltage-
restraint or voltage-controlled operating modes.

Available inverse-time characteristics

Characteristics acc. to ANSI/IEEE IEC 60255-3
Inverse U o

Short inverse .

Long inverse o o
Moderately inverse o

Very inverse o o

Extremely inverse o o

Reset characteristics

For easier time coordination with electromechanical relays, reset
characteristics according to ANSI C37.112 and IEC 60255-3 /
BS 142 standards are applied.

When using the reset characteristic (disk emulation), a reset

process is initiated after the fault current has disappeared. This
reset process corresponds to the reverse movement of the Fer-
raris disk of an electromechanical relay (thus: disk emulation).

User-definable characteristics

Instead of the predefined time characteristics according to ANSI,
tripping characteristics can be defined by the user for phase and
ground units separately. Up to 20 current/time value pairs may
be programmed. They are set as pairs of numbers or graphically
in DIGSI 4.

Inrush restraint

The relay features second harmonic restraint. If the second
harmonic is detected during transformer energization, pickup of
non-directional and directional normal elements are blocked.

Cold load pickup/dynamic setting change

For directional and non-directional overcurrent protection
functions the initiation thresholds and tripping times can be
switched via binary inputs or by time control.
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Directional overcurrent protection (ANSI 67, 67N)

Directional phase and ground protection are separate functions.
They operate in parallel to the non-directional overcurrent
elements. Their pickup values and delay times can be set sepa-
rately. Definite-time and inverse-time characteristics are offered.
The tripping characteristic can be rotated about + 180 degrees.

By means of voltage memory, directionality can be determined
reliably even for close-in (local) faults. If the switching device
closes onto a fault and the voltage is too low to determine direc-
tion, directionality (directional decision) is made with voltage
from the voltage memory. If no voltage exists in the memory,
tripping occurs according to the coordination schedule.

For ground protection, users can choose whether the direction

is to be determined via zero-sequence system or negative-
sequence system quantities (selectable). Using negative-
sequence variables can be advantageous in cases where the zero
voltage tends to be very low due to unfavorable zero-sequence
impedances.

Directional comparison protection (cross-coupling)

It is used for selective protection of sections fed from two
sources with instantaneous tripping, i.e. without the disad-
vantage of time coordination. The directional comparison
protection is suitable if the distances between the protection
stations are not significant and pilot wires are available for
signal transmission. In addition to the directional comparison
protection, the directional coordinated overcurrent protection
is used for complete selective backup protection. If operated in
a closed-circuit connection, an interruption of the transmission
line is detected.

(Sensitive) directional ground-fault detection
(ANSI 64, 67Ns, 67N)

For isolated-neutral and compensated networks, the direction
of power flow in the zero sequence is calculated from the zero-
sequence current Ip and zero-sequence voltage Vp.

For networks with an isolated neutral, the reactive current
component is evaluated; for compensated networks, the active
current component or residual resistive current is evaluated.

For special network conditions, e.g. high-resistance grounded
networks with ohmic-capacitive ground-fault current or low-
resistance grounded networks with ohmic-inductive current, the
tripping characteristics can be rotated approximately

+ 45 degrees.

Two modes of ground-fault direction detection can be imple-

mented: tripping or “signalling only mode”.

It has the following functions:

* TRIP via the displacement voltage Vg.

e Two instantaneous elements or one instantaneous plus one
user-defined characteristic.

e Each element can be set in forward, reverse, or non-
directional.

e The function can also be operated in the insensitive mode as
an additional short-circuit protection.

Protection functions

X g
Inductive g
g
3
I
V4 &
A < ]
Reverse R
Forward
Capacitive

Fig. 5/25 Directional characteristic of the directional overcurrent

protection
T Vars 8
Vo :
P'<0 \ %
\
INs \
\
,/
-
Power factor cos ¢ - -
correction = +15°
- — — > \Natts
_— V.
— E
,/
_—
o
Is > dir.
P <0 P'>0
Reverse Forward

Fig. 5/26 Directional determination using cosine measurements for
compensated networks

(Sensitive) ground-fault detection
(ANSI 50Ns, 51Ns / 50N, 51N)

For high-resistance grounded networks, a sensitive input
transformer is connected to a phase-balance neutral current
transformer (also called core-balance CT).

The function can also be operated in the insensitive mode as an
additional short-circuit protection.
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Protection functions

Intermittent ground-fault protection

Intermittent (re-striking) faults occur due to insulation weak-
nesses in cables or as a result of water penetrating cable joints.
Such faults either simply cease at some stage or develop into
lasting short-circuits. During intermittent activity, however,
star-point resistors in networks that are impedance-grounded
may undergo thermal overloading. The normal ground-fault pro-
tection cannot reliably detect and interrupt the current pulses,
some of which can be very brief.

The selectivity required with intermittent ground faults is
achieved by summating the duration of the individual pulses and
by triggering when a (settable) summed time is reached. The
response threshold I1g> evaluates the r.m.s. value, referred to
one systems period.

Directional intermittent ground fault protection (ANSI 67Ns)

The directional intermittent ground fault protection has to detect

intermittent ground faults in resonant grounded cable systems

selectively. Intermittent ground faults in resonant grounded

cable systems are usually characterized by the following proper-

ties:

* A very short high-current ground current pulse (up to several
hundred amperes) with a duration of under 1 ms

* They are self-extinguishing and re-ignite within one halfperiod
up to several periods, depending on the power system condi-
tions and the fault characteristic.

* Over longer periods (many seconds to minutes), they can
develop into static faults.

Such intermittent ground faults are frequently caused by weak
insulation, e.g. due to decreased water resistance of old cables.
Ground fault functions based on fundamental component
measured values are primarily designed to detect static ground
faults and do not always behave correctly in case of intermittent
ground faults. The function described here evaluates specifi cally
the ground current pulses and puts them into relation with the
zero-sequence voltage to determine the direction.

Phase-balance current protection (ANSI 46)
(Negative-sequence protection)

In line protection, the two-element phase-balance current/
negative-sequence protection permits detection on the high side
of high-resistance phase-to-phase faults and phase-to-ground
faults that are on the low side of a transformer (e.g. with the
switch group Dy 5). This provides backup protection for high-
resistance faults beyond the transformer.

Breaker failure protection (ANSI 50BF)

If a faulted portion of the electrical circuit is not disconnected
upon issuance of a trip command, another command can be
initiated using the breaker failure protection which operates

the circuit-breaker, e.g. of an upstream (higher-level) protection
relay. Breaker failure is detected if, after a trip command, current
is still flowing in the faulted circuit. As an option, it is possible to
make use of the circuit-breaker position indication.
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Fig. 5/27 High-impedance restricted ground-fault protection

High-impedance restricted ground-fault protection (ANSI 87N)

The high-impedance measurement principle is an uncomplicated
and sensitive method for detecting ground faults, especially on
transformers. It can also be applied to motors, generators and
reactors when these are operated on an grounded network.

When the high-impedance measurement principle is applied,

all current transformers in the protected area are connected in
parallel and operated on one common resistor of relatively high
R whose voltage is measured (see Fig. 5/27). In the case of 7SJ6
units, the voltage is measured by detecting the current through
the (external) resistor R at the sensitive current measurement
input Ige. The varistor V serves to limit the voltage in the event
of an internal fault. It cuts off the high momentary voltage
spikes occurring at transformer saturation. At the same time,
this results in smoothing of the voltage without any noteworthy
reduction of the average value.

If no faults have occurred and in the event of external faults, the
system is at equilibrium, and the voltage through the resistor is
approximately zero. In the event of internal faults, an imbalance
occurs which leads to a voltage and a current flow through the
resistor R.

The current transformers must be of the same type and must
at least offer a separate core for the high-impedance restricted
ground-fault protection. They must in particular have the same
transformation ratio and an approximately identical knee-point
voltage. They should also demonstrate only minimal measuring
errors.



Flexible protection functions

The 7SJ62 units enable the user to easily add on up to 20
protective functions. To this end, parameter definitions are used
to link a standard protection logic with any chosen characteristic
quantity (measured or derived quantity) (Fig. 5/28). The stand-
ard logic consists of the usual protection elements such as the
pickup message, the parameter-definable delay time, the TRIP
command, a blocking possibility, etc. The mode of operation
for current, voltage, power and power factor quantities can be
three-phase or single-phase. Almost all quantities can be oper-
ated as greater than or less than stages. All stages operate with
protection priority.

Protection stages/functions attainable on the basis of the avail-
able characteristic quantities:

Function ANSI No.

I>, Ig> 50, 50N

V<, V>, Ve>, dVidt 27,59, 59R, 64
3lo>, I1>, Ir>, i, 50N, 46,

3Vo>, Vi><, Vo< 59N, 47

P><, QO>< 32

cos @ (p.f.)>< 55

f>< 810, 81U
dfldt>< 81R

For example, the following can be implemented:
* Reverse power protection (ANSI 32R)
* Rate-of-frequency-change protection (ANSI 81R)

Undervoltage-controlled reactive power protection
(ANSI 27/Q)

The undervoltage-controlled reactive power protection protects
the system for mains decoupling purposes. To prevent a voltage
collapse in energy systems, the generating side, e.g. a genera-
tor, must be equipped with voltage and frequency protection
devices. An undervoltage-controlled reactive power protection is
required at the supply system connection point. It detects critical
power system situations and ensures that the power generation
facility is disconnected from the mains. Furthermore, it ensures
that reconnection only takes place under stable power system
conditions. The associated criteria can be parameterized.

Synchro-check (ANSI 25)

In case of switching ON the circuit- breaker, the units can check
whether the two subnetworks are synchronized.

Voltage-, frequency- and phase-angle-differences are being
checked to determine whether synchronous conditions are
existent.

Auto-reclosure (ANSI 79)

Multiple reclosures can be defined by the user and lockout will
occur if a fault is present after the last reclosure. The following
functions are possible:

¢ 3-pole ARC for all types of faults
* Separate settings for phase and ground faults

e Multiple ARC, one rapid auto-reclosure (RAR) and up to nine
delayed auto-reclosures (DAR)

Protection functions

Measured- Parameter | gtandard protection logic |
CurEmi value (simplified diagram)
4 processing il
—##— I measured —
Vmeasured —— Pickup
310,711,12 ——
Time TRIP
3v0, V1, V2 ——
dv/dt | command
Voltage Threshold
4 |PQ B
—H#— P (cos ¢) —— Function 1
f [ ‘ Function 2
dffdt — [ Function 20

LSA4113-aen.eps

Fig. 5/28 Flexible protection functions

e Starting of the ARC depends on the trip command selection
(e.g. 46, 50, 51, 67)

* Blocking option of the ARC via binary inputs
* ARC can be initiated externally or via CFC

* The directional and non-directional elements can either be
blocked or operated non-delayed depending on the auto-
reclosure cycle

* Dynamic setting change of the directional and non-directional
elements can be activated depending on the ready AR

Thermal overload protection (ANSI 49)

For protecting cables and transformers, an overload protection
with an integrated pre-warning element for temperature and
current can be applied. The temperature is calculated using a
thermal homogeneous-body model (according to IEC 60255-8),
which takes account both of the energy entering the equipment
and the energy losses. The calculated temperature is constantly
adjusted accordingly. Thus, account is taken of the previous load
and the load fluctuations.

For thermal protection of motors (especially the stator) a
further time constant can be set so that the thermal ratios can
be detected correctly while the motor is rotating and when it is
stopped. The ambient temperature or the temperature of the
coolant can be detected serially via an external temperature
monitoring box (resistance-temperature detector box, also
called RTD-box). The thermal replica of the overload function
is automatically adapted to the ambient conditions. If there is
no RTD-box it is assumed that the ambient temperatures are
constant.

Settable dropout delay times

If the devices are used in parallel with electromechanical relays
in networks with intermittent faults, the long dropout times of
the electromechanical devices (several hundred milliseconds)
can lead to problems in terms of time grading. Clean time
grading is only possible if the dropout time is approximately the
same. This is why the parameter of dropout times can be defined
for certain functions such as time-over-current protection,
ground short-circuit and phase-balance current protection.
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Protection functions

Motor protection

Restart inhibit (ANSI 66/86)
If a motor is started up too many times in
succession, the rotor can be subject to Maximum permissible
thermal overload, especially the upper rotor temperature N\
edges of the bars. The rotor temperature Temperature characteristic of |
is calculated from the stator current. The rotor rod top edge : :
reclosing lockout only permits start-up iAol el | |
of the motor if the rotor has sufficient ~ L._/ T N : Sy A A de
thermal reserves for a complete start-up : | /" | :
(see Fig. 5/29). | VY& o
| |

| | | @

Emergency start-up ) | ! \ s
| | ]
This function disables the reclosing lockout / ‘ : [ : [ : 5
via a binary input by storing the state of A rTeh';irgal : | ! [ %
the thermal replica as long as the binary [ ‘ [ ‘ ‘ 3
. . . : ; ; ; ;
input is active. It. is also possible to reset 1. Start-up T 2. Start-up T 3. Start-up T —t
the thermal replica to zero. Motor ;{r?]ceovery Motor tFiireﬂceovery Motor tFizﬁ]c:very
I started started started

Temperature monitoring (ANSI 38)
Up to two temperature monitoring boxes Fig. 5/29

with a total of 12 measuring sensors
can be used for temperature monitoring
and detection by the protection relay. The thermal status of
motors, generators and transformers can be monitored with this
device. Additionally, the temperature of the bearings of rotating
machines are monitored for limit value violation. The tempera-
tures are being measured with the help of temperature detectors
at various locations of the device to be protected. This data is
transmitted to the protection relay via one or two temperature
monitoring boxes (see “Accessories”, page 5/115).

Starting time supervision (ANSI 48/14)

Starting time supervision protects the motor against long
unwanted start-ups that might occur in the event of excessive
load torque or excessive voltage drops within the motor, or if the
rotor is locked. Rotor temperature is calculated from measured
stator current. The tripping time is calculated according to the
following equation:

for I > IoToR START

I 2
i)

I = Actual current flowing
Imotor starT = Pickup current to detect a motor start

t = Tripping time
In = Rated motor starting current
Ta = Tripping time at rated motor starting current

(2 times, for warm and cold motor)

The characteristic (equation) can be adapted optimally to the
state of the motor by applying different tripping times Ta in
dependence of either cold or warm motor state. For differentia-
tion of the motor state the thermal model of the rotor is applied.

If the trip time is rated according to the above formula, even a
prolonged start-up and reduced voltage (and reduced start-up
current) will be evaluated correctly. The tripping time is inverse
(current dependent).

A binary signal is set by a speed sensor to detect a blocked rotor.
An instantaneous tripping is effected.
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Load jam protection (ANSI 51M)

Sudden high loads can cause slowing down and blocking of
the motor and mechanical damages. The rise of current due
to a load jam is being monitored by this function (alarm and
tripping).

The overload protection function is too slow and therefore not
suitable under these circumstances.

Phase-balance current protection (ANSI 46)
(Negative-sequence protection)

The negative-sequence / phase-balance current protection detects
a phase failure or load unbalance due to network asymmetry and
protects the rotor from impermissible temperature rise.

Undercurrent monitoring (ANSI 37)

With this function, a sudden drop in current, which can occur
due to a reduced motor load, is detected. This may be due to
shaft breakage, no-load operation of pumps or fan failure.

Motor statistics

Essential information on start-up of the motor (duration, cur-
rent, voltage) and general information on number of starts, total
operating time, total down time, etc. are saved as statistics in
the device.

Voltage protection

Overvoltage protection (ANSI 59)

The two-element overvoltage protection detects unwanted
network and machine overvoltage conditions. The function can
operate either with phase-to-phase, phase-to-ground, positive
phase-sequence or negative phase-sequence system voltage.
Three-phase and single-phase connections are possible.

Undervoltage protection (ANSI 27)

The two-element undervoltage protection provides protec-
tion against dangerous voltage drops (especially for electric
machines). Applications include the isolation of generators or
motors from the network to avoid undesired operating states
and a possible loss of stability. Proper operating conditions

of electrical machines are best evaluated with the positive-
sequence quantities. The protection function is active over a



wide frequency range (45 to 55, 55 to 65 Hz)". Even when
falling below this frequency range the function continues to
work, however, with a greater tolerance band.

The function can operate either with phase-to-phase, phase-to-
ground or positive phase-sequence voltage and can be moni-
tored with a current criterion. Three-phase and single-phase
connections are possible.

Frequency protection (ANSI 810/U)

Frequency protection can be used for over- frequency and under-
frequency protection. Electric machines and parts of the system
are protected from unwanted speed deviations. Unwanted
frequency changes in the network can be detected and the load
can be removed at a specified frequency setting.

Frequency protection can be used over a wide frequency range
(40 to 60, 50 to 70 Hz)". There are four elements (select- able
as overfrequency or underfrequency) and each element can be
delayed separately. Blocking of the frequency protection can be
performed if using a binary input or by using an undervoltage
element.

Fault locator (ANSI 21FL)

The integrated fault locator calculates the fault impedance and
the distance-to-fault. The results are displayed in Q, kilometers
(miles) and in percent of the line length.

Circuit-breaker wear monitoring

Methods for determining circuit-breaker contact wear or the
remaining service life of a circuit-breaker (CB) allow CB mainte-
nance intervals to be aligned to their actual degree of wear. The
benefit lies in reduced maintenance costs.

There is no mathematically exact method of calculating the
wear or the remaining service life of circuit-breakers that takes
into account the arc-chamber's physical conditions when the CB
opens. This is why various methods of determining CB wear have
evolved which reflect the different operator philosophies. To do
justice to these, the devices offer several methods:

e3>

e XX, withx=1...3

°Zi%t

The devices additionally offer a new method for determining the
remaining service life:

e Two-point method

The CB manufacturers double-logarithmic switching cycle
diagram (see Fig. 5/30) and the breaking current at the time

of contact opening serve as the basis for this method. After CB
opening, the two-point method calculates the number of still
possible switching cycles. To this end, the two points P1 and P2
only have to be set on the device. These are specified in the CB's
technical data.

All of these methods are phase-selective and a limit value can be
set in order to obtain an alarm if the actual value falls below or
exceeds the limit value during determination of the remaining
service life.

Customized functions (ANSI 32, 51V, 55, etc.)

Additional functions, which are not time critical, can be imple-
mented via the CFC using measured values. Typical functions
include reverse power, voltage controlled overcurrent, phase
angle detection, and zero-sequence voltage detection.

1) The 45 to 55, 55 to 65 Hz range is available for fy = 50/60 Hz.

Protection functions
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Fig. 5/30  CB switching cycle diagram

Commissioning

Commissioning could hardly be easier and is fully supported by
DIGSI 4. The status of the binary inputs can be read individually
and the state of the binary outputs can be set individually. The
operation of switching elements (circuit-breakers, disconnect
devices) can be checked using the switching functions of the bay
controller. The analog measured values are represented as wide-
ranging operational measured values. To prevent transmission of
information to the control center during maintenance, the bay
controller communications can be disabled to prevent unneces-
sary data from being transmitted. During commissioning, all
indications with test marking for test purposes can be connected
to a control and protection system.

Test operation

During commissioning, all indications can be passed to an
automatic control system for test purposes.

Control and automatic functions

Control

In addition to the protection functions, the SIPROTEC 4 units also
support all control and monitoring functions that are required
for operating medium-voltage or high-voltage substations.

The main application is reliable control of switching and other
processes.

The status of primary equipment or auxiliary devices can be
obtained from auxiliary contacts and communicated to the
7SJ62 via binary inputs. Therefore it is possible to detect and
indicate both the OPEN and CLOSED position or a fault or
intermediate circuit-breaker or auxiliary contact position.

The switchgear or circuit-breaker can be controlled via:
— integrated operator panel

— binary inputs

— substation control and protection system

- DIGSI 4
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Functions

Automation/user-defined logic

With integrated logic, the user can set, via a graphic interface
(CFQ), specific functions for the automation of switchgear or
substation. Functions are activated via function keys, binary
input or via communication interface.

Switching authority

Switching authority is determined according to parameters and
communication.

If a source is set to “LOCAL”, only local switching operations are
possible. The following sequence of switching authority is laid
down: “LOCAL"; DIGSI PC program, “REMOTE".

Command processing

All the functionality of command processing is offered. This
includes the processing of single and double commands with
or without feedback, sophisticated monitoring of the control
hardware and software, checking of the external process,
control actions using functions such as runtime monitoring and
automatic command termination after output. Here are some
typical applications:

¢ Single and double commands using 1, 1 plus 1 common or 2
trip contacts

e User-definable bay interlocks

e Operating sequences combining several switching operations
such as control of circuit-breakers, disconnectors and ground-
ing switches

* Triggering of switching operations, indications or alarm by
combination with existing information

Assignment of feedback to command

The positions of the circuit-breaker or switching devices and
transformer taps are acquired by feedback. These indication
inputs are logically assigned to the corresponding command
outputs. The unit can therefore distinguish whether the indica-
tion change is a consequence of switching operation or whether
it is a spontaneous change of state.

Chatter disable

Chatter disable feature evaluates whether, in a configured
period of time, the number of status changes of indication input
exceeds a specified figure. If exceeded, the indication input is
blocked for a certain period, so that the event list will not record
excessive operations.

Indication filtering and delay
Binary indications can be filtered or delayed.

Filtering serves to suppress brief changes in potential at the
indication input. The indication is passed on only if the indica-
tion voltage is still present after a set period of time. In the
event of indication delay, there is a wait for a preset time. The
information is passed on only if the indication voltage is still
present after this time.

Indication derivation

A further indication (or a command) can be derived from an
existing indication. Group indications can also be formed. The
volume of information to the system interface can thus be
reduced and restricted to the most important signals.

MIAIR

LSP2077f.eps

Fig. 5/31 NXAIR panel (air-insulated)

Switchgear cubicles for high/medium voltage

All units are designed specifically to meet the requirements of
high/medium-voltage applications.

In general, no separate measuring instruments (e.g., for current,
voltage, frequency, ...) or additional control components are
necessary.

Measured values

The r.m.s. values are calculated from the acquired current and
voltage along with the power factor, frequency, active and reac-
tive power. The following functions are available for measured
value processing:

e Currents Iq, Ii2, I3, I, Ieg (67Ns)

e Voltages Vi1, Viz, Vis, Virz, Vias, Visn

e Symmetrical components I4, I, 3Io; Vi, V2, Vo

* Power Watts, Vars, VAIP, Q, S (P, Q: total and phase selective)
* Power factor (cos @), (total and phase selective)

e Frequency

e Energy = kWh, + kVarh, forward and reverse power flow

* Mean as well as minimum and maximum current and voltage
values

e Operating hours counter
* Mean operating temperature of overload function

 Limit value monitoring
Limit values are monitored using programmable logic in the
CFC. Commands can be derived from this limit value indica-
tion.

e Zero suppression
In a certain range of very low measured values, the value is set
to zero to suppress interference.
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Communication

mmunication :
Communicatio Substation controller

In terms of communication, the units offer substantial flexibility

in the context of connection to industrial and power automation
standards. Communication can be extended or added on thanks

to modules for retrofitting on which the common protocols run.
Therefore, also in the future it will be possible to optimally inte-
grate units into the changing communication infrastructure, for
example in Ethernet networks (which will also be used increasingly
in the power supply sector in the years to come).

Serial front interface %} %] o
There is a serial RS232 interface on the front of all the units. All of D% . D% . %
the unit's functions can be set on a PC by means of the DIGSI 4 [@ ng D@ @E §
protection operation program. Commissioning tools and fault 4

analysis are also built into the program and are available through

this interface.

Fig. 5/32 |EC 60870-5-103: Radial fiber-optic connection

Rear-mounted interfaces"

A number of communication modules suitable for various applica- gf(’:“AO,\r}l: ggr?ttéfl
tions can be fitted in the rear of the flush-mounting housing. In PAS I:I /[\
the flush-mounting housing, the modules can be easily replaced

by the user. The interface modules support the following applica- =

tions: ><

* Time synchronization interface Siteh
All units feature a permanently integrated electrical time P | [,
synchronization interface. It can be used to feed timing N DN
telegrams in IRIG-B or DCF77 format into the units via time 4 “
synchronization receivers. & - & -

* System interface 7 ] | | [ 7] |
Communication with a central control system takes place — —
through this interface. Radial or ring type station bus topolo- e :%] :%]
gies can be configured depending on the chosen interface. o e e g
Furthermore, the units can exchange data through this inter- coooo oo o __oolg
face via Ethernet and IEC 61850 protocol and can also be D@ @ [@ E@ %

operated by DIGSI.

Service interface

The service interface was conceived for remote access to a
number of protection units via DIGSI. On all units, it can be
an electrical RS232/RS485 or an optical interface. For special
applications, a maximum of two temperature monitoring
boxes (RTD-box) can be connected to this interface as an
alternative.

Fig. 5/33 Bus structure for station bus with Ethernet and
IEC 61850, fiber-optic ring

Redundant solutions are also possible. Optionally it is possible to
read out and alter individual parameters (only possible with the
redundant module).

System interface protocols (retrofittable) PROFIBUS DP protocol

PROFIBUS DP is the most widespread protocol in industrial automa-
tion. Via PROFIBUS DP, SIPROTEC units make their information
available to a SIMATIC controller or, in the control direction, receive
commands from a central SIMATIC. Measured values can also be
transferred.

IEC 61850 protocol

The Ethernet-based IEC 61850 protocol is the worldwide standard
for protection and control systems used by power supply corpora-
tions. Siemens was the first manufacturer to support this standard.
By means of this protocol, information can also be exchanged
directly between bay units so as to set up simple masterless
systems for bay and system interlocking. Access to the units via the

MODBUS RTU protocol

This uncomplicated, serial protocol is mainly used in industry and

Ethernet bus is also possible with DIGSI.

IEC 60870-5-103 protocol

The IEC 60870-5-103 protocol is an international standard for the
transmission of protective data and fault recordings. All messages
from the unit and also control commands can be transferred by

means of published, Siemens-specific extensions to the protocol.

1) For units in panel surface-mounting housings
please refer to note on page 5/114.

by power supply corporations, and is supported by a number of

unit manufacturers. SIPROTEC units function as MODBUS slaves,
making their information available to a master or receiving infor-
mation from it. A time-stamped event list is available.
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Communication

PROFINET

Operating and Telecontrol interface to Time
PROFINET is the ethernet-based successor monitoring system control centers synchroni-
of Profi bus DP and is supported in the (6.9. IEC 60870-5-104 Bee aps
variant PROFINET 10. The protocol which ”(
is used in industry together with the
SIMATIC systems control is realized on
the optical and electrical Plus ethernet Substation
modules which are delivered since Station bus I ERITIEET
November 2012. All network redundancy L = L
procedures which are available for the RS485
ethernet modules, such as RSTP, PRP or RS 485/
HSR, are also available for PROFINET. The optical 2
time synchronization is made via SNTP. converter g
The network monitoring is possible via ) g
SNMP V2 where special MIB files exist optica g
for PROFINET. The LLDP protocol of the = = %. — - 1
device also supports the monitoring of :,E oo DE j;mn :,E oo
the network topology. Single-point indica- 1 EH 18 B & EHE L=
tions, double-point indications, measured 75J645 75J631 75J621 7SJ61 Modem Modem DIGS! 4
and metered values can be transmitted ' Igeﬁggterom'

cyclically in the monitoring direction

via the protocol and can be selected by
the user with DIGSI 4. Important events
are also transmitted spontaneously via
confi gurable process alarms. Switching
commands can be executed by the system
control via the device in the controlling
direction. The PROFINET implementation
is certified. The device also supports

the IEC 61850 protocol as a server on

the same ethernet module in addition

to the PROFINET protocol. Client server
connections are possible for the intercom-
munication between devices, e.g. for
transmitting fault records and GOOSE
messages.

DNP 3.0 protocol

Power utilities use the serial DNP 3.0
(Distributed Network Protocol) for the sta-
tion and network control levels. SIPROTEC
units function as DNP slaves, supplying
their information to a master system or
receiving information from it.

DNP3 TCP

The ethernet-based TCP variant of the DNP3 protocol is sup-
ported with the electrical and optical ethernet module. Two
DNP3 TCP clients are supported. Redundant ring structures can
be realized for DNP3 TCP with the help of the integrated switch
in the module. For instance, a redundant optical ethernet ring
can be constructed. Single-point indications, double-point indi-
cations, measured and metered values can be configured with
DIGSI 4 and are transmitted to the DNPi client. Switching com-
mands can be executed in the controlling direction. Fault records
of the device are stored in the binary Comtrade format and can
be retrieved via the DNP 3 file transfer. The time synchronization
is performed via the DNPi client or SNTP. The device can also

be integrated into a network monitoring system via the SNMP
V2 protocol. Parallel to the DNP3 TCP protocol the IEC 61850
protocol (the device works as a server) and the GOOSE messages
of the IEC 61850 are available for the intercommunication
between devices.

DIGSI 4
(Local for commissioning)

Fig. 5/34 System solution/communication

LSP3.01-0021.tif

Fig. 5/35 Optical Ethernet communication module
for IEC 61850 with integrated Ethernet-switch

System solutions for protection and station control

Together with the SICAM power automation system, SIPROTEC 4
can be used with PROFIBUS DP. Over the low-cost electrical RS485
bus, or interference-free via the optical double ring, the units
exchange information with the control system.

Units featuring IEC 60870-5-103 interfaces can be connected to
SICAM in parallel via the RS485 bus or radially by fiber-optic link.
Through this interface, the system is open for the connection of
units of other manufacturers (see Fig. 5/32).

Because of the standardized interfaces, SIPROTEC units can also
be integrated into systems of other manufacturers or in SIMATIC.
Electrical RS485 or optical interfaces are available. The optimum
physical data transfer medium can be chosen thanks to opto-
electrical converters. Thus, the RS485 bus allows low-cost wiring
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Typical connections

in the cubicles and an interference-free optical connection to the
master can be established.

For IEC 61850, an interoperable system solution is offered with
SICAM PAS. Via the 100 Mbits/s Ethernet bus, the units are linked
with PAS electrically or optically to the station PC. The interface
is standardized, thus also enabling direct connection of units of
other manufacturers to the Ethernet bus. With IEC 61850, how-
ever, the units can also be used in other manufacturers’ systems
(see Fig. 5/33).

Typical connections

¥ Connection of current and voltage transformers

Standard connection

For grounded networks, the ground current is obtained from the
phase currents by the residual current circuit.

L1 L1
L2 L2
L3 L3
52 52
Q1.
g Q1 . Q2 i IL1
@ 31, . Q3 .
. Q3 . Q4 § 1L2
a1 31, . B .
Q5 . ¢ Q6 §[L3
g6 3 hs -
Q7 . 2 il 2
5 * g
2 N[ .
g g
= g N -~ 3
Fig. 5/36 Residual current circuit without directional element Fig. 5/37 Sensitive ground-current detection without directional element
L1
L2
E —
R14
i Ri6 3 Vire
d d L S ‘? VLZ-E
R18 °
R17 3 Vise
Q.
Q2 i I,
b Q3 .
¢ Q4 i Iy
c Q5 .
a6 3ls
Q7 . 9
08 3¢ :
g
' _____ é

Fig. 5/38 Residual current circuit with directional element
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Connection for compensated networks

L1
The figure shows the connection of L2

L3 I
two phase-to-ground voltages and the

Ve voltage of the open delta winding
and a phase-balance neutral current R17 .

.|}._§_§i
transformer for the ground current. This | m@ Ve
|

52

. L . . R14 .
connection maintains maximum precision =60 Ve
for directional ground-fault detection and — 1

. 32
must be used in compensated networks. g

Fig. 5/39 shows sensitive directional ¢ Q1 .
ground-fault detection. 2 1 @ 3
3

_{ &IEE
v —
NI L

Fig. 5/39 Sensitive directional ground-fault detection with directional element for phases

LSA2336-bgpen.eps

L1
Connection for isolated-neutral L2
or compensated networks only L3 N
If directional ground-ff'ault protection is 52 e I
not used, the connection can be made Vi,
with only two phase current transformers. il
Directional phase short-circuit protection R151?V32
can be achieved by using only two . Q1 2
rimary transformers. Q2
p y Q3 311
Q4
5. Q5 312
Q6
Q7 .13 2
s 3 g
I g
g
— g
Fig. 5/40 Isolated-neutral or compensated networks
. L1
Connection for the synchro-check L2
function L3
The 3-phase system is connected as refer- )
) - |
ence voltage,. i. e. the outgoing vqltaggs 52 (any voltage)
as well as a single-phase voltage, in this -I}—r
case a busbar voltage., that has to be PR 750623/4
checked for synchronism. . . R4 .
3V
. . R15 | «
v
R16 | 3V,
L L &
- - R17 . 3
R18 3 Viyne %

Fig. 5/41 Measuring of the busbar voltage and the outgoing feeder
voltage for the synchro-check
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Overview of connection types

Type of network Function

Current connection

Voltage connection

(Low-resistance) grounded network

Overcurrent protection
phaselground non-directional

Residual circuit, with 3 phase-current
transformers required, phase-balance
neutral current transformer possible

(Low-resistance) grounded networks

Sensitive ground-fault protection

Phase-balance neutral current
transformers required

Isolated or compensated networks

Overcurrent protection phases

non-directional

Residual circuit, with 3 or 2 phase
current transformers possible

(Low-resistance) grounded networks

Overcurrent protection

phases directional

Residual circuit, with 3 phase-current
transformers possible

Phase-to-ground connection or
phase-to-phase connection

Isolated or compensated networks

Overcurrent protection

phases directional

Residual circuit, with 3 or 2 phase-
current transformers possible

Phase-to-ground connection or
phase-to-phase connection

(Low-resistance) grounded networks

Overcurrent protection

ground directional

Residual circuit, with 3 phase-current
transformers required, phase-balance
neutral current transformers possible

Phase-to-ground connection required

Isolated networks

Sensitive ground-fault
protection

Residual circuit, if ground current

> 0.05 Iy on secondary side, otherwise

phase-balance neutral current
transformers required

3 times phase-to-ground connection or
phase-to-ground connection with open
delta winding

Compensated networks

Sensitive ground-fault protection

COS @ measurement

Typical applications

Connection of circuit-breaker

Undervoltage releases

Undervoltage releases are used for auto-
matic tripping of high-voltage motors.

Example:
DC supply voltage of control system fails
and manual electric tripping is no longer
possible.

Automatic tripping takes place when
voltage across the coil drops below the trip
limit. In Fig. 5/42, tripping occurs due to
failure of DC supply voltage, by automatic
opening of the live status contact upon
failure of the protection unit or by short-
circuiting the trip coil in event of network
fault.

In Fig. 5/43 tripping is by failure of auxiliary
voltage and by interruption of tripping
circuit in the event of network failure. Upon
failure of the protection unit, the tripping
circuit is also interrupted, since contact
held by internal logic drops back into open
position.

Voc+

Voc

Voe+

Phase-balance neutral current
transformers required

Phase-to-ground connection with open
delta winding required

Busbar
Emergency OFF \ ------------------
52
Close i tg’ri:;?tus ! i Trip
2851
75J6 * see note ANSI 50, 51 \
Trip coil
Close coil Undervoltage
release 2
[}
Close 523 &
2851 %
7SJ6 8 *closes when the
R < protection device is
= functioning properly
Fig. 5/42 Undervoltage release with make contact (50, 51)
Busbar
Emergency OFF \{------------------ Inverter from
CFC-Logic
T T 52
Close ] _| Trip
75J6 2851 \ < ANSI 50, 51 \
) Trip coil The trip contact closes
Close coll Undervoltage when no system
release disturbance exists ;”%
Close 52a g
7506 2851 g
el

Voe=

Fig. 5/43 Undervoltage trip with locking contact (trip signal 50 is inverted)
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Typical applications

Trip circuit supervision (ANSI 74TC)
Busbar

One or two binary inputs can be used for
monitoring the circuit-breaker trip coil
including its incoming cables. An alarm
signal occurs whenever the circuit is
interrupted.

Protection indications

511* General trip

2851* CB close command
52 6852* Trip circuit supervi-

sion: Trip relay
6853* Trip circuit supervi-

sion: CB aux

52a open, when CB is open
52b open, when CB is closed
Bl Binary input

Close
2851

Lockout (ANSI 86)
52b

All binary outputs can be stored like LEDs
and reset using the LED reset key. The
lockout state is also stored in the event of Trip 5@ Close
supply voltage failure. Reclosure can only coil coil
occur after the lockout state is reset.

TRIP Breaker| BI1 | BI2

contact
open |closed
open | open
closed | closed
If power is fed to a busbar through two - closed |open
parallel infeeds, then in the event of any
fault on one of the infeeds it should be
selectively interrupted. This ensures a
continued supply to the busbar through
the remaining infeed. For this purpose,
directional devices are needed which
detect a short-circuit current or a power
flow from the busbar in the direction of
the infeed. The directional overcurrent
protection is usually set via the load % %
current. It cannot be used to deactivate

low-current faults. Reverse-power i i
protection can be set far below the rated g %
power. This ensures that i.t aIsp detects 52
power feedback into th.e line in the event Busbar .
of low-current faults with levels far below —=
the load current. 25 x52
Reverse-power protection is performed via
the “flexible protection functions” of the
75)62.

Reverse-power protection for dual
supply (ANSI 32R)

LSA2341-bgpen.eps

|| I|I
e o

Fig. 5/44 Trip circuit supervision with 2 binary inputs

Infeed A Infeed B

LSA4116a-en.eps

}

| "
| —

Feeder Feeder

Fig. 5/45 Reverse-power protection for dual supply
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Technical data

General unit data

Binary outputs/command outputs

Measuring circuits

System frequency

50/ 60 Hz (settable)

Current transformer

Rated current Inom
Option: sensitive ground-fault CT
Power consumption

atInom=1A

atInom=5A

for sensitive ground-fault CT at 1 A
Overload capability

Thermal (effective)

Dynamic (impulse current)

Overload capability if equipped with
sensitive ground-fault CT

Thermal (effective)

Dynamic (impulse current)

1 or 5 A (settable)
IEE <1.6 A

Approx. 0.05 VA per phase
Approx. 0.3 VA per phase
Approx. 0.05 VA

500 Afor1s

150 A for10's

20 A continuous

250 X Inom (half cycle)

300 Afor1s

100 Afor10s

15 A continuous
750 A (half cycle)

Type

Command/indication relay

Contacts per command/
indication relay

Live status contact
Switching capacity
Make
Break

Switching voltage
Permissible current

75J621, 751622
751623, 751624
75J625, 7S)626

8 6

1 NO/form A
(Two contacts changeable to NC/form
B, via jumpers)

1 NO / NC (jumper) | form AIB

1000 W/ VA

30 W/ VA 40 W resistive |
25 W at LIR <50 ms
<=DC250V

5 A continuous,

30 A for 0.5 s making current,
2000 switching cycles

Electrical tests

Specification

Voltage transformer

Standards

IEC 60255

ANSI C37.90, C37.90.1, C37.90.2,
UL508

Type

Number

Rated voltage Viom

Measuring range

Power consumption at Viom = 100 V

Overload capability in voltage path
(phase-neutral voltage)

75621, 7S)623, 751625
751622, 7S)624, 7S5)626

Insulation tests

3 4 4
100V to 225V
OVto170V

< 0.3 VA per phase

Standards
Voltage test (100 % test)

all circuits except for auxiliary
voltage and RS485/RS232 and

time synchronization
Auxiliary voltage

Communication ports
and time synchronization

IEC 60255-5; ANSI/IEEE C37.90.0
2.5 kV (r.m.s. value), 50/60 Hz

DC3.5kV
AC500V

Thermal (effective) 230 V continuous Impulse voltage test (type test) 5 kV (peak value); 1.2/50 ps; 0.5 J

all circuits, except communication 3 positive and 3 negative impulses

Auxiliary vol . A .
uxiliary voltage ports and time synchronization, atintervalsof 5s

Rated auxiliary DC 24/48V 60/125V 110/250V class I
VBl \;Tux I AC 115/230V EMC tests for interference immunity; type tests
Permissible tolerance DC 19-58 V. 48-150V 88-300V
AC 92-138V 184-265V Standards IEC 60255-6; IEC 60255-22
. . (product standard)
Ripple voltage, <12% EN 50082-2 (generic specification)

peak-to-peak DIN 57435 Part 303

2.5 kV (peak value); 1 MHz; t=15 ms;
400 surges per s; test duration 2's

Power consumption
Quiescent
Energized

High-frequency test
IEC 60255-22-1, class IlI
and VDE 0435 Part 303, class Il

Electrostatic discharge
IEC 60255-22-2 class IV
and EN 61000-4-2, class IV

Approx. 4 W
Approx. 7 W

>50msatV=DC110V
>20msatV=DC24V
>200msat 115 V/AC 230V

Backup time during
loss/short circuit of
auxiliary voltage

8 kV contact discharge;
15 kV air gap discharge;
both polarities; 150 pF; Ri =330 Q

Binary inputs/indication inputs Irradiation with radio-frequency 10 V/m; 27 to 500 MHz

Type 75)621, 751622, field, non-modulated
75J623, 75J624 IEC 60255-22-3 (Report) class IlI
75625, 751626 Irradiation with radio-frequency 10 VIm, 80 to 1000 MHz;
Number 8 1 field, amplitude-modulated AM 80 %; 1 kHz
Vel e e DC 24-250 IEC 61000-4-3; class llI
Pickup threshold modifiable by plud-in i Irradiation with radio-frequency 10 VIm, 900 MHz; repetition
ickup threshold moditiable by plug-in jumpers field, pulse-modulated rate 200 Hz, on duration 50 %
Pickup threshold DC19V IEC 61000-4-3/ENV 50204; class Il
For rated control 24148160/ 110/125/ Fast transient interference/burst 4 kV; 5/50 ns; 5 kHz;
voltage 1101125V DC 220/250 V IEC 60255-22-4 and IEC 61000-4-  burst length = 15 ms;
Response timeldrop-  Approx. 3.5 4, class IV repetition rate 300 ms; both polarities;
out time Ri =50 Q; test duration 1 min

Power consumption
energized

1.8 mA (independent of operating voltage)
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Technical data

EMC tests for interference immunity; type tests (cont'd)

High-energy surge voltages
(Surge)

IEC 61000-4-5; class IlI
Auxiliary voltage

Binary inputs/outputs

Line-conducted HF,
amplitude-modulated
IEC 61000-4-6, class IlI

Power frequency magnetic field
IEC 61000-4-8, class IV
IEC 60255-6

Oscillatory surge withstand
capability

ANSI/IEEE C37.90.1

Fast transient surge withstand
capability ANSI/IEEE C37.90.1

Radiated electromagnetic
interference
ANSI/IEEE C37.90.2

Damped wave
IEC 60694 | IEC 61000-4-12

From circuit to circuit: 2 kV; 12 Q; 9 pF
across contacts: 1 kV; 2 Q ;18 pF

From circuit to circuit: 2 kV; 42 Q; 0.5 pF
across contacts: 1 kV; 42 Q; 0.5 pF

10 V; 150 kHz to 80 MHz;
AM 80 %; 1 kHz

30 Alm; 50 Hz, continuous
300 A/lm; 50 Hz, 3 s
0.5 mT, 50 Hz

2.5 to 3 kV (peak value), 1 to 1.5 MHz
damped wave; 50 surges pers;
duration 2's, Rj = 150 to 200 Q

4 to 5 kV; 10/150 ns; 50 surges per s
both polarities; duration 2's, Rj =80 Q
35 VI/m; 25 to 1000 MHz;

amplitude and pulse-modulated

2.5 kV (peak value, polarity
alternating)

100 kHz, 1 MHz, 10 and 50 MHz,
Ri=200Q

During transportation
Standards

Vibration
IEC 60255-21-1, class 2
IEC 60068-2-6

Shock
IEC 60255-21-2, Class 1
IEC 60068-2-27

Continuous shock
IEC 60255-21-2, class 1
IEC 60068-2-29

IEC 60255-21 and IEC 60068-2

Sinusoidal

5to 8 Hz: + 7.5 mm amplitude;
8 to 150 Hz; 2 g acceleration,
frequency sweep 1 octave/min
20 cycles in 3 perpendicular axes

Semi-sinusoidal
Acceleration 15 g, duration 11 ms
3 shocks in both directions of 3 axes

Semi-sinusoidal

Acceleration 10 g, duration 16 ms
1000 shocks in both directions

of 3 axes

Climatic stress tests

Temperatures

EMC tests for interference emission; type tests

Standard

Conducted interferences

only auxiliary voltage IEC/CISPR 22
Radio interference field strength
IEC/ICISPR 11

Units with a detached operator
panel must be installed in a metal
cubicle to maintain limit class B

EN 50081-* (generic specification)
150 kHz to 30 MHz
Limit class B

30 to 1000 MHz
Limit class B

Type-tested acc. to IEC 60068-2-1
and -2, test Bd, for 16 h

Temporarily permissible operating
temperature, tested for 96 h

Recommended permanent

operating temperature acc. to

IEC 60255-6

(Legibility of display may be

impaired above +55 °C /+131 °F)

— Limiting temperature during
permanent storage

— Limiting temperature during
transport

-25°Cto +85°C/-13 °F to +185 °F

-20°Cto +70°C/-4 °F to -158 °F

-5°Cto +55°C/+25°F to +131 °F

-25°Cto +55°C/-13 °F to +131 °F

-25°Cto +70°C/-13 °F to +158 °F

Humidity

Mechanical stress tests

Permissible humidity

It is recommended to arrange the
units in such a way that they are
not exposed to direct sunlight or
pronounced temperature changes
that could cause condensation.

Annual average 75 % relative
humidity; on 56 days a year up to
95 % relative humidity;
condensation not permissible!

Vibration, shock stress and seismic vibration

During operation
Standards

Vibration
IEC 60255-21-1, class 2
IEC 60068-2-6

Shock
IEC 60255-21-2, class 1
IEC 60068-2-27

Seismic vibration
IEC 60255-21-3, class 1
IEC 60068-3-3
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IEC 60255-21 and IEC 60068-2

Sinusoidal

10 to 60 Hz; + 0.075 mm amplitude;
60 to 150 Hz; 1 g acceleration
frequency sweep 1 octave/min

20 cycles in 3 perpendicular axes

Semi-sinusoidal
Acceleration 5 g, duration 11 ms;
3 shocks in both directions of 3 axes

Sinusoidal

1 to 8 Hz: = 3.5 mm amplitude
(horizontal axis)

1to 8 Hz: = 1.5 mm amplitude
(vertical axis)

8 to 35 Hz: 1 g acceleration
(horizontal axis)

8 to 35 Hz: 0.5 g acceleration
(vertical axis)

Frequency sweep 1 octave/min
1 cycle in 3 perpendicular axe

Unit design

Housing 7XP20

Dimensions See dimension drawings, part 14
Weight

Surface-mounting housing
Flush-mounting housing

Degree of protection

acc. to EN 60529
Surface-mounting housing
Flush-mounting housing
Operator safety

4.5 kg
4.0 kg

IP 51
Front: IP 51, rear: IP 20;
IP 2x with cover

Futher information can be found in the current manual at:

www.siemens.com/siprotec



Selection and ordering data

Description Order No.
7SJ62 multifunction protection relay 78362 JLJ-CICICICICI-CICICIC]
Housing, inputs, outputs
Housing 519", 4 line text display, 3 x U, 4 x I, 8 Bl, 8 BO, 1 live status-contact 1
Housing 519", 4 line text display, 3 x U, 4 x I, 11 BI,6 BO, 1 live status-contact 2
Housing 519", 4 line text display, 4 x U, 4 x I, 8 Bl, 8 BO, 1 live status-contact 3 See next
Housing 519, 4 line text display, 4 x U, 4 x I, 11 BI,6 BO, 1 live status-contact 4 page
Housing 219", graphic display, 4 x U, 4 x I,8 Bl, 8 BO, 1 live status contact 7) 5
Housing 219", graphic display, 4 x U, 4 x I, 11 Bl, 6 BO, 1 live status contact 7) 6
Measuring inputs 3 x V/4xV, 4 xI)
Ioh=1 AD, =1 A" (min. = 0.05 A)
Position 15 only with A, C, E, G
Ioh =1 A", I = sensitive (min. = 0.001 A)
Position 15 only with B, D, F, H
Iph=5AD, Ie=5 AV (min. = 0.25 A)
Position 15 only with A, C, E, G
Ioh =5 AV, L. = sensitive (min. = 0.001 A)
Position 15 only with B, D, F, H
Ioh=5 AD, =1 A" (min. = 0.05 A)
Position 15 only with A, C, E,G
Rated auxiliary voltage (power supply, indication voltage)
DC 24 to 48 V, threshold binary input DC 19 V 3) 2
DC 60 to 125 V 2, threshold binary input DC 19 V 3) 4
DC 110 to 250 V 2, AC 115 to 230 V4, threshold binary input DC 88 V 3) 5
DC 110 to 250 V 2), AC 115 to 230 V4, threshold binary input DC 176 V 3) 6
Unit version
For panel surfacemounting, two-tier terminal top/bottom B
For panel flushmounting, plug-in terminal (2/3 pin connector) D
For panel flushmounting, screw-type terminal (direct connection/ring-type cable lugs) E
Region-specific default settings/function versions and language settings
Region DE, 50 Hz, IEC, language: German, selectable A
Region World, 50/60 Hz, IEC/ANSI, language: English (GB), selectable B
Region US, 60 Hz, ANSI, language: English (US), selectable C
Region FR, 50/60 Hz, IEC/ANSI, language: French, selectable D
Region World, 50/60 Hz, IEC/ANSI, language: Spanish, selectable E
Region IT, 50/60 Hz, IEC/ANSI, language: Italian, selectable F
Region RU, 50/60 Hz, IEC/ANSI, language: Russian, selectable G
System interface (Port B): Refer to page 5/114
No system interface 0
Protocols see page 5/114
Service interface (Port C)
No interface at rear side 0
DIGSI 4/ modem, electrical RS232 1
DIGSI 4/ modem | RTD-box>), electrical RS485 2
DIGSI 4/ modem /RTD-box>)6), optical 820 nm wavelength, ST connector 3
Measuring/fault recording
Fault recording 1
Slave pointer,mean values, min/max values, fault recording 3
1) Rated current can be selected by means of jumpers. 5) Temperature monitoring box 7XV5662-[JAD10,
2) Transition between the two auxiliary voltage ranges can be selected refer to “Accessories”.
by means of jumpers. 6) When using the temperature monitoring box at an optical interface,
3) The binary input thresholds can be selected per binary input by the additional RS485 fiber-optic converter 7XV5650-0[JA0O is
means of jumpers. required.

4) AC 230V, starting from device version .../EE.

7) Starting from device version .../GG and FW-Version V4.82
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Selection and ordering data

Description

Order No. Order code

75J62 multifunction protection relay

Designation
Basic version

ANSI No.  Description

Control
50/51 Overcurrent protection I>, I>>, [>>>, Ip
50N/51N Ground-fault protection Ig>, Ie>>, Ig>>>, Igp
50N/51N  Insensitive ground-fault protection via
IEE function: Igg>, Ieg>>, IEEpU
50/50N Flexible protection functions (index quantities
derived from current): Additional time-overcurrent
protection stages I;>, [>>>>, [g>>>>

51V Voltage-dependent inverse-time overcurrent protection
49 Overload protection (with 2 time constants)
46 Phase balance current protection
(negative-sequence protection)
37 Undercurrent monitoring
47 Phase sequence
59N/64 Displacement voltage
50BF Breaker failure protection
74TC Trip circuit supervision

4 setting groups, cold-load pickup
Inrush blocking

7s16200-00000-0000

86 Lockout
| V, P, f 27/59 Under-/overvoltage
810/U Under-loverfrequency
271Q Undervoltage-controlled reactive power protection 3)

27147159(N) Flexible protection (index quantities derived from
32/55/81R current and voltages): Voltage, power, p.f.,

rate-of-frequency-change protection ElE
| IEF V, P, f 27/59 Under-/overvoltage
810/U Under-/overfrequency
271Q Undervoltage-controlled reactive power protection 3)
27147159(N) Flexible protection (index quantities derived from
32/55/81R current and voltages): Voltage, power, p.f.,
rate-of-frequency-change protection
Intermittent ground fault PlE
| Dir 67/67N Direction determination for overcurrent,
phases and ground FlC
L Dir V, P, f 67/67N Direction determination for overcurrent, phases and ground
27159 Under-/overvoltage
810/U Under-/overfrequency
271Q Undervoltage-controlled reactive power protection 3)
27147159(N) Flexible protection (index quantities derived from
32/55/81R current and voltages): Voltage, power, p.f.,
rate-of-frequency-change protection F|G
L Dir IEF 67/67N Direction determination for overcurrent,
phases and ground
Intermittent ground fault P|C
u Dir V,P,f IEF 67/67N Direction determination for overcurrent, phases and ground
Intermittent ground fault protection
27159 Under-/overvoltage
81U/0 Under-/overfrequency
271Q Undervoltage-controlled reactive power protection 3)
27147159(N) Flexible protection functions (quantities derived from
current & voltages):
32/55/81R Voltage-/power-/p.f.-Irate of freq. change-protection
Intermittent ground-fault P|G
Sens.ground-f.det. 67167N Direction determination for overcurrent,
L Dir REF phases and ground
67Ns Directional sensitive ground-fault detection
67Ns Directional intermittent ground fault protection 3)
87N High-impedance restricted ground fault FD[2

Basic version included

V, P, f =\Voltage, power, frequency protection
Dir = Directional overcurrent protection
IEF = Intermittent ground fault
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1) 50N/51N only with insensitive ground-current transformer when

position7=1,5, 7.

Continued on
next page

2) Sensitive ground-current transformer only when position 7 = 2, 6.
3) available beginning with FW / Parameterset-version V4.90



Selection and ordering data

Description

Order No.

Order code

75J62 multifunction protection relay

Designation

Basic version

ANSI No.  Description

Control
50/51 Overcurrent protection I>, I>>, I>>>, Ip
50N/51N  Ground-fault protection Ig>, Ie>>, Ig>>>, Igp
50N/51N  Insensitive ground-fault protection via
IEE function: Igg>, Igg>>, IEEp”
50/50N Flexible protection functions (index quantities
derived from current): Additional time-overcurrent
protection stages I;>, [>>>>, [g>>>>

7s16200-00000-000

Zy

51V Voltage-dependent inverse-time overcurrent protection
49 Overload protection (with 2 time constants)
46 Phase balance current protection
(negative-sequence protection)
37 Undercurrent monitoring
47 Phase sequence
59N/64 Displacement voltage
50BF Breaker failure protection
74TC Trip circuit supervision, 4 setting groups, cold-load pickup
Inrush blocking
86 Lockout
Sens.ground-f.det. V, P, f 67Ns Directional sensitive ground-fault detection
V,P,f REF 67Ns Directional intermittent ground fault protection 3
| 87N High-impedance restricted ground fault
27159 Under-/overvoltage
810/U Under-/overfrequency
271Q Undervoltage-controlled reactive power protection 3)

27147159(N) Flexible protection (index quantities derived from
32/55/81R current and voltages): Voltage, power, p.f.,

rate-of-frequency-change protection El F[2
Sens.ground-f.det. 67/67N Direction determination for overcurrent, phases and ground
Dir IEF REF 67Ns Directional sensitive ground-fault detection
| 67Ns Directional intermittent ground fault protection 3
87N High-impedance restricted ground fault
Intermittent ground faults PlD2
Sens.ground-f.det. 67Ns Directional sensitive ground-fault detection
REF 67Ns Directional intermittent ground fault protection 3)
87N High-impedance restricted ground fault ElBP2
Sens.ground-f.det. Motor 67Ns Directional sensitive ground-fault detection
V,Pf REF 67Ns Directional intermittent ground fault protection 3)
87N High-impedance restricted ground fault
48114 Starting time supervision, locked rotor
66/86 Restart inhibit
51M Load jam protection, motor statistics
27159 Under-/overvoltage
810/U Under-/overfrequency
271Q Undervoltage-controlled reactive power protection 3)
27147159(N) Flexible protection (index quantities derived from
32/55/81R current and voltages): Voltage, power, p.f.,
rate-of-frequency-change protection Hl gl
Sens.ground-f.det. Motor 67/67N Direction determination for overcurrent, phases and ground
Dir V,Pf REF 67Ns Directional sensitive ground-fault detection
67Ns Directional intermittent ground fault protection 3)
87N High-impedance restricted ground fault
48114 Starting time supervision, locked rotor
66/86 Restart inhibit
51M Load jam protection, motor statistics
27159 Under-/overvoltage
810/U Under-/overfrequency
271Q Undervoltage-controlled reactive power protection 3)
27147159(N) Flexible protection (index quantities derived from
32/55/81R current and voltages): Voltage, power, p.f.,
rate-of-frequency-change protection HluP

Basic version included

1) 50N/51N only with insensitive ground-current transformer when

V, P, f =Voltage, power, frequency protection position7=1,5, 7.
Dir = Directional overcurrent protection 2) Sensitive ground-current transformer only when position 7 = 2, 6.
IEF = Intermittent ground fault 3) available beginning with FW | Parameterset-version V4.90

Continued on
next page
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Selection and ordering data

Description Order No. Order code
7SJ62 multifunction protection relay 78362 L1 1-L10I0I0I0I-CICICIE
Designation ANSI No.  Description
Basic version Control
50/51 Overcurrent protection I>, I>>, I>>>, Ip
50N/51N  Ground-fault protection Ig>, Ie>>, Ig>>>, Igp
50N/51N  Insensitive ground-fault protection via
IEE function: Igg>, Igg>>, IEEp”
50/50N Flexible protection functions (index quantities
derived from current): Additional time-overcurrent
protection, stages I;>, [>>>>, [;>>>>
51V Voltage-dependent inverse-time overcurrent protection
49 Overload protection (with 2 time constants)
46 Phase balance current protection
(negative-sequence protection)
37 Undercurrent monitoring
47 Phase sequence
59N/64 Displacement voltage
50BF Breaker failure protection
74TC Trip circuit supervision
4 setting groups, cold-load pickup
Inrush blocking
86 Lockout
Sens.ground-f.det. Motor IEF 67/67N Direction determination for overcurrent, phases and ground
Dir IEF V,Pf REF 67Ns Directional sensitive ground-fault detection
67Ns Directional intermittent ground fault protection %)
87N High-impedance restricted ground fault
Intermittent ground fault
48114 Starting time supervision, locked rotor
66/86 Restart inhibit
51M Load jam protection, motor statistics
27159 Undervoltage/overvoltage
810/U Underfrequency/overfrequency
271Q Undervoltage-controlled reactive power protection 3)
27147159(N) Flexible protection (index quantities derived from
32/55/81R current and voltages): Voltage, power, p.f.,
rate-of-frequency-change protection RIH[2
Motor V, P, f 67/67N Direction determination for overcurrent,
Dir phases and ground
48114 Starting time supervision, locked rotor
66/86 Restart inhibit
51M Load jam protection, motor statistics
27159 Under-/overvoltage
810/U Under-/overfrequency
271Q Undervoltage-controlled reactive power protection 3)
27147159(N) Flexible protection (index quantities derived from
32/55/81R current and voltages): Voltage, power, p.f.,
rate-of-frequency-change protection HlG
Motor 48114 Starting time supervision, locked rotor
66/86 Restart inhibit
51M Load jam protection, motor statistics HIA
ARC, fault locator, synchro-check Without 0
79 With auto-reclosure 1
21FL With fault locator 2
79, 21FL With auto-reclosure, with fault locator 3
25 With synchro-check3) B
25, 79,21FL With synchro—check3), auto-reclosure, fault locator 7

Basic version included 3) Synchro-check (no asynchronous
switching), one function group; available
only with devices 751623, 751624, 751625 and 75J626.

4) with FW V4.90

V, P, f = Voltage, power, frequency protection
Dir = Directional overcurrent protection
IEF = Intermittent ground fault

1) 50N/51N only with insensitive ground-current
transformer when position 7 =1, 5, 7.

2) Sensitive ground-current transformer
only when position 7 = 2, 6.
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Selection and ordering data

Description

Order No. Order code

75J62 multifunction protection relay

System interface (on rear of unit, Port B)

No system interface

7s16200-00000-0000-000

IEC 60870-5-103 protocol, R5232

IEC 60870-5-103 protocol, RS485

IEC 60870-5-103 protocol, 820 nm fiber, ST connector

PROFIBUS DP Slave, RS485

PROFIBUS DP Slave, 820 nm wavelength, double ring, ST connector )

MODBUS, RS485

MODBUS, 820 nm wavelength, ST connector 2)

DNP 3.0, RS485

DNP 3.0, 820 nm wavelength, ST connector 2)

IEC 60870-5-103 protocol, redundant, RS485, RJ45 connector 2)

IEC 61850, 100 Mbit Ethernet, electrical, double, RJ45 connector (EN 100)

IEC 61850, 100 Mbit Ethernet, optical, double, LC connector (EN 100)2)

DNP3 TCP + IEC 61850, 100Mbit Eth, electrical, double, RJ45 connector 3)

DNP3 TCP + IEC 61850, 100Mbit Eth, optical, double, LC connector 3)

PROFINET + IEC 61850, 100Mbit Eth, electrical, double, RJ45 connector 3)

PROFINET + IEC 61850, 100Mbit Eth, optical, double, LC connector 3)

O V| VW VW (V| WV (VW WV (VW V| V| V| Vv W N |=|O

rlr|lr|ri-|lmlm ||
w|lw|N|N|o|o|o|o|o|o|o|o|o
| |l BV D|T|IT|O|mM|O|w|>

1) Not with position 9 = “B”; if 9 = “B”, please order 7SJ6 unit with RS485 port and separate fiber-optic converters.

For single ring, please order converter 6GK1502-3AB10, not available with position 9 = “B".
For double ring, please order converter 6GK1502-4AB10, not available with position 9 = “B".
The converter requires a AC 24 V power supply (e.g. power supply 7XV5810-0BA0QO).

2) Not available with position 9 = “B".
3) available with V4.9

Sample order

Position Order No. + Order code
75)6225-5EC91-3FA1+L0G

6 110’s: 11 BI/6 BO, 1 live status contact 2

7 Current transformer: 5 A 5

8 Power supply: DC 110 to 250V, AC 115 V to AC 230 V 5

9 Unit version: Flush-mounting housing, screw-type terminals E

10 Region: US, English language (US); 60 Hz, ANSI C

11 Communication: System interface: DNP 3.0, RS485 9 LlolG

12 Communication: DIGSI 4, electric RS232 1

13 Measuring/fault recording: Extended measuring and fault records 3

14/15 Protection function package: Basic version plus directional TOC FlC

16 With auto-reclosure 1
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Overcurrent Protection/7SJ62

Selection and ordering data

Temperature monitoring box
ACIDC 24 to 60 V 7XV5662-2AD10
AC/DC 90 to 240 V 7XV5662-5AD10

Varistor/Voltage Arrester

Voltage arrester for high-impedance REF protection
125 Vrms; 600 A; 1S/S 256 C53207-A401-D76-1

240 Vrms; 600 A; 1S/S 1088 C53207-A401-D77-1

Connecting cable

Cable between PC/notebook (9-pin con.) and protection unit
(9-pin connector) (contained in DIGSI 4, but can be ordered
additionally) 7XV5100-4

Cable between temperature monitoring box and
SIPROTEC 4 unit

- length 5 m/16.4 ft 7XV5103-7AA05
- length 25 m/82 ft 7XV5103-7AA25
- length 50 m/ 164 ft 7XV5103-7AA50

Manual for 75J62
English C53000-G1140-C207-x M
German C53000-G1100-C207-6

1) x = please inquire for latest edition (exact Order No.).

Terminal safety cover

bw f_i Voltage/current terminal 18-pole/12-pole C73334-A1-C31-1 1 Siemens
memwmm] § Voltage/current terminal 12-pole/8-pole C73334-A1-C32-1 1 Siemens
. . & Connector 2-pin C73334-A1-C35-1 1 Siemens
Mounting rail a
Connector 3-pin C73334-A1-C36-1 1 Siemens
Crimp connector CI2 0.5 to 1T mm? 0-827039-1 4000 1
taped on reel
5 g Crimp connector Cl2 0.5 to 1 mm? 0-827396-1 1 1
o a
5 ks Crimp connector: Type Ill+ 0.75 to 1.5 mm2 0-163084-2 1 N
S 3 Crimp connector: Type lll+ 0.75 to 1.5 mm2 0-163083-7 4000 )
4 3 taped on reel
2-pin connector 3-pin connector Crimping tool for Type Ill+ 0-539635-1 1 n
and matching female 0-539668-2 1 n
Crimping tool for CI2 0-734372-1 1 1
" . and matching female 1-734387-1 1 L
5 - @
& ( 3 Short-circuit links
2 N & - 1 i
2 @) g for current terminals C73334-A1-C33-1 EAXEATES
4 g for other terminals C73334-A1-C34-1 1 Siemens
RITEEE il SRl TS Mounting rail for 19" rack C73165-A63-D200-1 1 Siemens

for current terminals  for current terminals

1) Your local Siemens representative can inform you on local suppliers.
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Overcurrent Protection/7SJ62

Connection diagram

Housing for panel surface mounting
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*) For pinout of communication ports see part 14 of this catalog.
For the allocation of the terminals of the panel surface-mounting version
refer to the manual (http://lwww.siemens.com/siprotec).

Fig. 5/46 7SJ621 connection diagram
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Overcurrent Protection/7SJ62

Connection diagram

Housing for panel surface mounting
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*) For pinout of communication ports see part 14 of this catalog.
For the allocation of the terminals of the panel surface-mounting version
refer to the manual (http://lwww.siemens.com/siprotec).

Fig. 5/47 7SJ622 connection diagram
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Overcurrent Protection/7SJ62

Connection diagram

Housing for panel surface mounting 7S5J623x-X B XXX-XXXX
T Housina for surface and flush mounting T = 75J625%-X B XXX-XXXX
ousing for surface and flush mounting
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*) For pinout of communication ports see part 14 of this catalog.
For the allocation of the terminals of the panel surface-mounting version
refer to the manual (http://lwww.siemens.com/siprotec).

Fig. 5/48 7SJ623, 75J625 connection diagram
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Overcurrent Protection/7SJ62

Connection diagram

Housing for panel surface mounting 75J624x-X B XXX-XXXX
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*) For pinout of communication ports see part 14 of this catalog.
For the allocation of the terminals of the panel surface-mounting version
refer to the manual (http://lwww.siemens.com/siprotec).

Fig. 5/49 7SJ624, 7SJ626 connection diagram
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Overcurrent Protection/7SJ63

SIPROTEC 7SJ63 multifunction protection relay

Function overview

Protection functions

¢ Overcurrent protection
(definite-timelinverse-time/user-def.)

» Directional overcurrent protection
(definite-timelinverse-time/user-def.)

« Sensitive dir./non-dir. ground-fault detection

* Displacement voltage

e Intermittent ground-fault protection
* High-impedance restricted ground fault
e Inrush restraint

LSP2316-afpen.tif

e Motor protection

¢ Overload protection
e Temperature monitoring
* Under-/overvoltage protection

e Under-/overfrequency protection

Fig. 5/50 SIPROTEC 7SJ63 multifunction protection relay * Breaker failure protection

* Negative-sequence protection

¢ Phase-sequence monitoring
Description * Auto-reclosure

e Fault locator
The SIPROTEC 7SJ63 can be used as a protective control and
monitoring relay for distribution feeders and transmission
lines of any voltage in networks that are earthed (grounded), Control functions/programmable logic
low-resistance grounded, ungrounded, or of a compensated
neutral point structure. The relay is suited for networks that o o ] o
are radial or looped, and for lines with single or multi-terminal * Position of switching elements is shown on the graphic display
feeds. Regarding the time-overcurrent/directional overcurrent * Locallremote switching via key-operated switch

protection the characteristics can be either definite time, inverse . cqntrol via keyboard, binary inputs, DIGSI 4 or SCADA system
time or user-defined.

¢ Lockout

* Flexible number of switching devices

e Extended user-defined logic with CFC (e.g. interlocking)
The SIPROTEC 7SJ63 is equipped with motor protection appli-
cable for asynchronous machines of all sizes. Motor protection Monitoring functions
comprises undercurrent monitoring, starting time supervision, « Operational measured values V, I, f,...

restart inhibit, locked rotor. « Energy metering values Wy, W,
pr g

The relay provides easy-to-use local control and automation « Circuit-breaker wear monitoring
functions. The number of controllable switchgear depends only
on the number of available inputs and outputs. The integrated
programmable logic (CFC) allows the user to implement their
own functions, e.g. for the automation of switchgear (interlock-  * Fuse failure monitor

ing). The user is able to generate user-defined messages as well.  + g oscillographic fault records

* Slave pointer
e Trip circuit supervision

Communication interfaces

e System interface
- |IEC 60870-5-103, IEC 61850
— PROFIBUS DP
— DNP 3/ MODBUS RTU

¢ Service interface for DIGSI 4 (modem)
¢ Front interface for DIGSI 4
e Time synchronization via IRIG-BIDCF77
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Application
Busbar QU
52 m"m
l-a—| Local/remote control ; -
Command/feedback CFC logic Metering values
Set points
N g 1, V, Watts
Trip circuit Lock- Mean values, [ ey
supervision Y o Min/Max-Log Vars,p ., f
I vV, f
Motor Communication RTD" box Energy meter: )
control modules e calculated and/or by impulses f<> Vs W<
. $—G@1on—~s9~27)
HMI RS232/485/FO/ Fault Motor protection
Ethernet recording Bearing ,_ Starting Fault
ECB0870-5.103 temp. time locator Directional
IEC61850 cbﬂvcba 20FL—9 & Pha;e-s_equence
PROFIBUS-FMS/-DP Locked . Idr_nomt(;nr&%
DNP 3.0 @ ocke: estart ir>> [edir>>
MODBUS RTU U rotor inhibit ... 1dir> Iedir>
‘«\Ip dirf*\ Iep dir.
. 6 -@
>> I>, Ip, IE>> lEp > Iz> 9> : / /
—® @ D @ @ 508 Dir_sensitve carth
Breaker failure fault detection
\ *\ ‘*\ \ \ protection .
s Ale>, ‘,«(High»impedance o Auto- A Iee> o
d__l_ E>i' Iep restricted earth-fault reclosure «N ey B %
T 60N &N 7N/ & g
<T

" RTD = resistance temperature detector

Fig. 5/51 Function diagram

Application

The SIPROTEC 7SJ63 unit is a numerical protection relay that also
performs control and monitoring functions and therefore sup-
ports the user in cost-effective power system management, and
ensures reliable supply of electric power to the customers. Local
operation has been designed according to ergonomic criteria. A
large, easy-to-read graphic display was a major design aim.

Control

The integrated control function permits control of disconnect
devices (electrically operated/motorized switches) or circuit-
breakers via the integrated operator panel, binary inputs, DIGSI 4
or the control and protection system (e.g. SICAM). The present
status (or position) of the primary equipment can be displayed.
75J63 supports substations with single and duplicate busbars.
The number of elements that can be controlled (usually 1 to 5) is
only restricted by the number of inputs and outputs available.

A full range of command processing functions is provided.

Programmable logic

The integrated logic characteristics (CFC) allow the user to
implement their own functions for automation of switchgear
(interlocking) or a substation via a graphic user interface. The
user can also generate user-defined messages.

Line protection

The 75J63 units can be used for line protection of high and
medium-voltage networks with earthed (grounded), low-
resistance grounded, isolated or compensated neutral point.

Motor protection

When protecting motors, the 7SJ63 relays are suitable for
asynchronous machines of all sizes.

Transformer protection

The 75J63 units perform all functions of backup protection
supplementary to transformer differential protection. The inrush
suppression effectively prevents tripping by inrush currents.

The high-impedance restricted ground-fault protection detects
short-circuits and insulation faults on the transformer.

Backup protection

The relays can be used universally for backup protection.

Metering values

Extensive measured values, limit values and metering values
permit improved systems management.
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Application

ANSI IEC Protection functions
50, 50N >, >> Definite-time overcurrent protection (phase/neutral)
Ie>, Ig>>
50. 51V. 51N Ip. Iep Inverse overcurrent protection (phase/neutral), phase function with voltage-dependent option

67, 67N

Igie>, Lair>>, Ip dir
Iedir>, Iedir>>, Ip dir

Directional overcurrent protection (definite/inverse, phase/neutral),

Directional comparison protection

67Ns/50Ns

Tee>, Iee>>, Iegp

Directional/non-directional sensitive ground-fault detection

Cold load pick-up (dynamic setting change)

SON/64 Ve, Vo> Displacement voltage, zero-sequence voltage
Ig> Intermittent ground fault
87N High-impedance restricted ground-fault protection
50BF Breaker failure protection
Auto-reclosure
> Phase-balance current protection (negative-sequence protection)

V2>, phase seq.

Unbalance-voltage protection and/or phase-sequence monitoring

9> Thermal overload protection

Starting time supervision

Locked rotor protection

Restart inhibit

@ I< Undercurrent monitoring

Temperature monitoring via external device (RTD-box), e.g. bearing temperature monitoring
V<, V> Undervoltage/overvoltage protection

310/U >, f< Overfrequency/underfrequency protection

21FL Fault locator
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Construction

Construction

Connection techniques and housing
with many advantages

> and 'A-rack sizes

These are the available housing widths
of the 7SJ63 relays, referred toa 19"
module frame system. This means that
previous models can always be replaced.
The height is a uniform 244 mm for
flush-mounting housings and 266 mm
for surface-mounting housings for all
housing widths. All cables can be con-
nected with or without ring lugs. Plug-in
terminals are available as an option.

LSP2174-afp.tif

It is thus possible to employ prefabricated
cable harnesses. In the case of surface
mounting on a panel, the connection
terminals are located above and below
in the form of screw-type terminals. The
communication interfaces are located

in a sloped case at the top and bottom
of the housing. The housing can also

be supplied optionally with a detached
operator panel (refer to Fig. 5/54), or
without operator panel, in order to
allow optimum operation for all types of
applications.

Fig. 5/52 Flush-mounting housing
with screw-type terminals

I g |

i

-

i

LSP2166-afp.tif

Fig. 5/53 Rearview of flush-mounting housing
with covered connection terminals
andwirings

Fig. 5/54 Housing with plug-in terminals and detached operator panel

LSP2219-afpen.eps

Fig. 5/55 Surface-mounting housing with
screw-type terminals

Fig. 5/56 Communication interfaces in a
sloped case in a surface-mounting
housing
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Protection functions

ZLDelay
Overcurrent protection
(ANSI 50, 50N, 51, 51N) {Detay

This function is based on the phase-
selective measurement of the three phase )
currents and the ground current (four 50-1 ]
transformers). Two definite-time overcur-
rent protection elements (DMT) exist both
for the phases and for the ground. The

Protection functions

LSA2857-agpen.eps

current threshold and the delay time can 50-2-1 L&
be set within a wide range. In addition, g
inverse-time overcurrent protection $
characteristics (IDMTL) can be activated. P
T T -
Reset characteristics 50-1 50-2 Iyom

For easier time coordination with electro-
mechanical relays, reset characteristics
according to ANSI C37.112 and

IEC 60255-3/BS 142 standards are

Fig. 5/57 Definite-time overcurrent protection  Fig. 5/58

nom

Inverse-time overcurrent protection

applied. Available inverse-time characteristics
When using the reset characteristic (disk Characteristics acc. to ANSI/IEEE IEC 60255-3
emulation), a reset process is initiated . . .
after the fault current has disappeared. -

: Short inverse .
This reset process corresponds to the
reverse movement of the Ferraris disk of Long inverse . .
an eIec.tromechanical relay (thus: disk Moderately inverse 5
emulation). -

Very inverse U °

User-definable characteristics Extremely inverse . o

Instead of the predefined time char-

acteristics according to ANSI, tripping

characteristics can be defined by the user for phase and ground
units separately. Up to 20 current/time value pairs may be
programmed. They are set as pairs of numbers or graphically in
DIGSI 4.

Inrush restraint

The relay features second harmonic restraint. If the second
harmonic is detected during transformer energization, pickup of
non-directional and directional normal elements are blocked.

Cold load pickup/dynamic setting change

For directional and non-directional overcurrent protection
functions the initiation thresholds and tripping times can be
switched via binary inputs or by time control.
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Protection functions

Directional overcurrent protection (ANSI 67, 67N)

Directional phase and ground protection are separate functions.
They operate in parallel to the non-directional overcurrent
elements. Their pickup values and delay times can be set sepa-
rately. Definite-time and inverse-time characteristic is offered.
The tripping characteristic can be rotated about + 180 degrees.

By means of voltage memory, directionality can be determined
reliably even for close-in (local) faults. If the switching device
closes onto a fault and the voltage is too low to determine direc-
tion, directionality (directional decision) is made with voltage
from the voltage memory. If no voltage exists in the memory,
tripping occurs according to the coordination schedule.

For ground protection, users can choose whether the direction

is to be determined via zero-sequence system or negative-
sequence system quantities (selectable). Using negative-
sequence variables can be advantageous in cases where the zero
voltage tends to be very low due to unfavorable zero-sequence
impedances.

Directional comparison protection (cross-coupling)

It is used for selective protection of sections fed from two
sources with instantaneous tripping, i.e. without the disadvan-
tage of time coordination. The directional comparison protection
is suitable if the distances between the protection stations are
not significant and pilot wires are available for signal transmis-
sion. In addition to the directional comparison protection, the
directional coordinated overcurrent protection is used for com-
plete selective backup protection. If operated in a closed-circuit
connection, an interruption of the transmission line is detected.

(Sensitive) directional ground-fault detection
(ANSI 64, 67Ns, 67N)

For isolated-neutral and compensated networks, the direction
of power flow in the zero sequence is calculated from the zero-
sequence current Ip and zero-sequence voltage Vo For networks
with an isolated neutral, the reactive current component

is evaluated; for compensated networks, the active current
component or residual resistive current is evaluated. For special
network conditions, e.g. high-resistance grounded networks
with ohmic-capacitive ground-fault current or low-resistance
grounded networks with ohmic-inductive current, the tripping
characteristics can be rotated approximately + 45 degrees.

Two modes of ground-fault direction detection can be imple-
mented: tripping or “signalling only mode”.

It has the following functions:

 TRIP via the displacement voltage Vg.

e Two instantaneous elements or one instantaneous plus one
user-defined characteristic.

¢ Each element can be set in forward, reverse, or non-
directional.

e The function can also be operated in the insensitive mode as
an additional short-circuit protection.
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Fig. 5/59 Directional characteristic of the directional overcurrent
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Fig. 5/60 Directional determination using cosine measurements for
compensated networks

(Sensitive) ground-fault detection
(ANSI 50Ns, 51Ns / 50N, 51N)

For high-resistance grounded networks, a sensitive input
transformer is connected to a phase-balance neutral current
transformer (also called core-balance CT).

The function can also be operated in the insensitive mode as an
additional short-circuit protection.

Intermittent ground-fault protection

Intermittent (re-striking) faults occur due to insulation weak-
nesses in cables or as a result of water penetrating cable joints.
Such faults either simply cease at some stage or develop into
lasting short-circuits. During intermittent activity, however,
star-point resistors in networks that are impedance-grounded
may undergo thermal overloading. The normal ground-fault pro-



tection cannot reliably detect and interrupt the current pulses,
some of which can be very brief.

The selectivity required with intermittent ground faults is
achieved by summating the duration of the individual pulses and
by triggering when a (settable) summed time is reached. The
response threshold I ;> evaluates the r.m.s. value, referred to
one systems period.

Phase-balance current protection (ANSI 46)
(Negative-sequence protection)

In line protection, the two-element phase-balance current/
negative-sequence protection permits detection on the high side
of high-resistance phase-to-phase faults and phase-to-ground
faults that are on the low side of a transformer (e.g. with the
switch group Dy 5). This provides backup protection for high-
resistance faults beyond the transformer.

Breaker failure protection (ANSI 50BF)

If a faulted portion of the electrical circuit is not disconnected
upon issuance of a trip command, another command can be
initiated using the breaker failure protection which operates

the circuit-breaker, e.g. of an upstream (higher-level) protection
relay. Breaker failure is detected if, after a trip command, current
is still flowing in the faulted circuit. As an option, it is possible to
make use of the circuit-breaker position indication.

High-impedance restricted ground-fault protection (ANSI 87N)

The high-impedance measurement principle is an uncomplicated
and sensitive method for detecting ground faults, especially on
transformers. It can also be applied to motors, generators and
reactors when these are operated on an grounded network.

When the high-impedance measurement principle is applied,

all current transformers in the protected area are connected in
parallel and operated on one common resistor of relatively high
R whose voltage is measured (see Fig. 5/61). In the case of 7SJ6
units, the voltage is measured by detecting the current through
the (external) resistor R at the sensitive current measurement
input Ige. The varistor V serves to limit the voltage in the event
of an internal fault. It cuts off the high momentary voltage
spikes occurring at transformer saturation. At the same time,
this results in smoothing of the voltage without any noteworthy
reduction of the average value.

If no faults have occurred and in the event of external faults, the
system is at equilibrium, and the voltage through the resistor is
approximately zero. In the event of internal faults, an imbalance
occurs which leads to a voltage and a current flow through the
resistor R.

The current transformers must be of the same type and must
at least offer a separate core for the high-impedance restricted
ground-fault protection. They must in particular have the same
transformation ratio and an approximately identical knee-point
voltage. They should also demonstrate only minimal measuring
errors.

Auto-reclosure (ANSI 79)

Multiple reclosures can be defined by the user and lockout will
occur if a fault is present after the last reclosure. The following
functions are possible:

* 3-pole ARC for all types of faults
 Separate settings for phase and ground faults

Protection functions

LSA4115en.eps

e
il R B

@

1]
z

-

Fig. 5/61 High-impedance restricted ground-fault protection

* Multiple ARC, one rapid auto-reclosure (RAR) and up to nine
delayed auto-reclosures (DAR)

e Starting of the ARC depends on the trip command selection
(e.g. 46, 50, 51, 67)

* Blocking option of the ARC via binary inputs
* ARC can be initiated externally or via CFC

* The directional and non-directional elements can either be
blocked or operated non-delayed depending on the auto-
reclosure cycle

* Dynamic setting change of the directional and non-directional
elements can be activated depending on the ready AR

Thermal overload protection (ANSI 49)

For protecting cables and transformers, an overload protection
with an integrated pre-warning element for temperature and
current can be applied. The temperature is calculated using a
thermal homogeneous-body model (according to IEC 60255-8),
which takes account both of the energy entering the equipment
and the energy losses. The calculated temperature is constantly
adjusted accordingly. Thus, account is taken of the previous load
and the load fluctuations.

For thermal protection of motors (especially the stator) a further
time constant can be set so that the thermal ratios can be detected
correctly while the motor is rotating and when it is stopped. The
ambient temperature or the temperature of the coolant can be
detected serially via an external temperature monitoring box
(resistance-temperature detector box, also called RTD- box). The
thermal replica of the overload function is automatically adapted
to the ambient conditions. If there is no RTD-box it is assumed that
the ambient temperatures are constant.

Settable dropout delay times

If the devices are used in parallel with electromechanical relays
in networks with intermittent faults, the long dropout times of
the electromechanical devices (several hundred milliseconds)
can lead to problems in terms of time grading. Clean time
grading is only possible if the dropout time is approximately the
same. This is why the parameter of dropout times can be defined
for certain functions such as time-overcurrent protection,
ground short-circuit and phase-balance current protection.
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Protection functions

Motor protection

Restart inhibit (ANSI 66/86) %
If a motor is started up too many times in succes-

sion, the rotor can be subject to thermal overload,
especially the upper edges of the bars. The rotor

Maximum permissible
rotor temperature N\

temperature is calculated from the stator current.
The reclosing lockout only permits start-up of the
motor if the rotor has sufficient thermal reserves for
a complete start-up (see Fig. 5/62).

Temperature characteristic of I
rotor rod top edge I
rotor rod bottom edge |
I
|

|

===

| [/ !

Emergency start-up : i : i :
This function disables the reclosing lockout via a | / | : [ 2
binary input by storing the state of the thermal y/ —':'— ‘ ‘ : : c
replica as long as the binary input is active. It is / o [ : | : g
also possible to reset the thermal replica to zero. ! replica : [ : ! §
| | | 9

i i T T T
Temperature monitoring (ANSI 33) 1. Start-up T 2. Start-up T 3. Start-up T =t

Up to two temperature monitoring boxes with a total
of 12 measuring sensors can be used for tempera-
ture monitoring and detection by the protection
relay. The thermal status of motors, generators and
transformers can be monitored with this device.
Additionally, the temperature of the bearings of rotating machines
are monitored for limit value violation. The temperatures are being
measured with the help of temperature detectors at various loca-
tions of the device to be protected. This data is transmitted to the
protection relay via one or two temperature monitoring boxes (see
"Accessories”, page 5/153).

Fig. 5/62

Starting time supervision (ANSI 48/14)

Starting time supervision protects the motor against long
unwanted start-ups that might occur in the event of excessive
load torque or excessive voltage drops within the motor, or if the
rotor is locked. Rotor temperature is calculated from measured
stator current. The tripping time is calculated according to the
following equation:

for I > IoToR START

I 2
(5]

I = Actual current flowing

ImotorstarT = Pickup current to detect a motor start

t = Tripping time

Ia = Rated motor starting current

Ta = Tripping time at rated motor starting current

If the trip time is rated according to the above formula, even a
prolonged start-up and reduced voltage (and reduced start-up
current) will be evaluated correctly. The tripping time is inverse
(current dependent).

A binary signal is set by a speed sensor to detect a blocked rotor.
An instantaneous tripping is effected.

Phase-balance current protection (ANSI 46)
(Negative-sequence protection)

The negative-sequence / phase-balance current protection detects
a phase failure or load unbalance due to network asymmetry and
protects the rotor from impermissible temperature rise.

Undercurrent monitoring (ANSI 37)

With this function, a sudden drop in current, which can occur
due to a reduced motor load, is detected. This may be due to
shaft breakage, no-load operation of pumps or fan failure.
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Voltage protection

Overvoltage protection (ANSI 59)

The two-element overvoltage protection detects unwanted
network and machine overvoltage conditions. The function can
operate either with phase-to-phase voltage (default) or with
the negative phase-sequence system voltage. Three-phase and
single-phase connections are possible.

Undervoltage protection (ANSI 27)

The two-element undervoltage protection provides protec-
tion against dangerous voltage drops (especially for electric
machines). Applications include the isolation of generators or
motors from the network to avoid undesired operating states
and a possible loss of stability. Proper operating conditions

of electrical machines are best evaluated with the positive-
sequence quantities. The protection function is active over a
wide frequency range (45 to 55, 55 to 65 Hz)"). Even when
falling below this frequency range the function continues to
work, however, with a greater tolerance band.

The function can operate either with the positive phase-
sequence system voltage (default) or with the phase-to-phase
voltages, and can be monitored with a current criterion. Three-
phase and single-phase connections are possible.

Frequency protection (ANSI 810/U)

Frequency protection can be used for over-frequency and under-
frequency protection. Electric machines and parts of the system
are protected from unwanted speed deviations. Unwanted
frequency changes in the network can be detected and the load
can be removed at a specified frequency setting. Frequency pro-
tection can be used over a wide frequency range (45 to 55, 55 to
65 Hz)"). There are four elements (selectable as overfrequency
or underfrequency) and each element can be delayed separately.
Blocking of the frequency protection can be performed if using a
binary input or by using an undervoltage element.

Fault locator (ANSI 21FL)

The fault locator specifies the distance to a fault location in
kilometers or miles or the reactance of a second fault operation.

1) The 45 to 55, 55 to 65 Hz range is available for fy = 50/60 Hz.



Circuit-breaker wear monitoring

Methods for determining circuit-breaker contact wear or the
remaining service life of a circuit-breaker (CB) allow CB mainte-
nance intervals to be aligned to their actual degree of wear. The
benefit lies in reduced maintenance costs.

There is no mathematically exact method of calculating the
wear or the remaining service life of circuit-breakers that takes
into account the arc-chamber's physical conditions when the CB
opens. This is why various methods of determining CB wear have
evolved which reflect the different operator philosophies. To do
justice to these, the devices offer several methods:

e3>

e XX, withx=1...3

The devices additionally offer a new method for determining the
remaining service life:

e Two-point method

The CB manufacturers double-logarithmic switching cycle diagram
(see Fig. 5/63) and the breaking current at the time of contact
opening serve as the basis for this method. After CB opening, the
two-point method calculates the number of still possible switching
cycles. To this end, the two points P1 and P2 only have to be set on
the device. These are specified in the CB's technical data.

All of these methods are phase-selective and a limit value can be
set in order to obtain an alarm if the actual value falls below or
exceeds the limit value during determination of the remaining
service life.

Customized functions (ANSI 32, 51V, 55, etc.)

Additional functions, which are not time critical, can be imple-
mented via the CFC using measured values. Typical functions
include reverse power, voltage controlled overcurrent, phase
angle detection, and zero-sequence voltage detection.

Commissioning

Commissioning could hardly be easier and is fully supported by
DIGSI 4. The status of the binary inputs can be read individually
and the state of the binary outputs can be set individually. The
operation of switching elements (circuit-breakers, disconnect
devices) can be checked using the switching functions of the bay
controller. The analog measured values are represented as wide-
ranging operational measured values. To prevent transmission of
information to the control center during maintenance, the bay
controller communications can be disabled to prevent unneces-
sary data from being transmitted. During commissioning, all
indications with test marking for test purposes can be connected
to a control and protection system.

Test operation
During commissioning, all indications can be passed to an
automatic control system for test purposes.

Control and automatic functions

Control

In addition to the protection functions, the SIPROTEC 4 units also
support all control and monitoring functions that are required for
operating medium-voltage or high-voltage substations.

The main application is reliable control of switching and other
processes.

The status of primary equipment or auxiliary devices can be
obtained from auxiliary contacts and communicated to the
7SJ63 via binary inputs. Therefore it is possible to detect and
indicate both the OPEN and CLOSED position or a fault or
intermediate circuit-breaker or auxiliary contact position.

Protection functions
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Fig. 5/63 CB switching cycle diagram

The switchgear or circuit-breaker can be controlled via:
— integrated operator panel

— binary inputs

— substation control and protection system

- DIGSI 4

Automation / user-defined logic

With integrated logic, the user can set, via a graphic interface
(CFQ), specific functions for the automation of switchgear or
substation. Functions are activated via function keys, binary
input or via communication interface.

Switching authority

Switching authority is determined according to parameters,
communication or by key-operated switch (when available).

If a source is set to “LOCAL", only local switching operations are
possible. The following sequence of switching authority is laid
down: “LOCAL’; DIGSI PC program, “REMOTE".

Key-operated switch

7SJ63 units are fitted with key-operated switch function for
locallremote changeover and changeover between interlocked
switching and test operation.

Command processing

All the functionality of command processing is offered. This includes

the processing of single and double commands with or without

feedback, sophisticated monitoring of the control hardware and

software, checking of the external process, control actions using

functions such as runtime monitoring and automatic command

termination after output. Here are some typical applications:

* Single and double commands using 1, 1 plus 1 common or 2
trip contacts

 User-definable bay interlocks

» Operating sequences combining several switching operations
such as control of circuit-breakers, disconnectors and ground-
ing switches

* Triggering of switching operations, indications or alarm by
combination with existing information
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Functions

Functions .
oct *

[

Motor control 75J632 | 75J632
ﬁ' | BO4 » |BO5

The SIPROTEC 7SJ63 with high perfor- BO1 BOZ | \ T \
mance relays is well-suited for direct s |3 ‘ [ ‘
activation of the circuit-breaker, discon- E_ O

nector and grounding switch operating

mechanisms in automated substations. _ 52a 518 |8 g |8 |8 |8 I3
. o L B @ g M o oo lo 1t
Interlocking of the individual switching 8 é,i Y Y §
devices takes place with the aid of aQ 52T) (52C = Q
. o e ore =4 w p
programmable logic. Additional auxiliary o o
relays can be eliminated. This results in
less wiring and engineering effort. ;
. BO3 @8 BI1) (B2 BI13) (BI4) (BI5) (BI6 5
Assignment of feedback to command y 2
. S 750632] | &
The positions of the circuit-breaker or v g
switching devices and transformer taps o
are acquired by feedback. These indica-
tion inputs are logically assigned to the Fig. 5/64 Typical wiring for 7SJ632 motor direct control (simplified representation without fuses).
corresponding command outputs. The Binary output BO4 and BOS5 are interlocked so that only one set of contacts are closed
unit can therefore distinguish whether atatime.

the indication change is a consequence
of switching operation or whether it is a
spontaneous change of state.

Chatter disable

LSA2320-agpen.eps

Chatter disable feature evaluates whether,
in a configured period of time, the num- < > ;

ber of status changes of indication input ._{ ‘ \
exceeds a specified figure. If exceeded,

the indication input is blocked for a *52

certain period, so that the event list will /I\/T*%
not record excessive operations. N7

Indication filtering and delay

Binary indications can be filtered or
delayed.

Filtering serves to suppress brief changes Fig. 5/65 Example: Single busbar with circuit-breaker and motor-controlled three-position switch

in potential at the indication input. The
indication is passed on only if the indica-
tion voltage is still present after a set

period of time. In the event of indication Feed back Interlocking
delay, there is a wait for a preset time. CB open [
The information is passed on only if the CE closed | OR
indication voltage is still present after this Disc. device closed
time. Disc. device open @
Ground sw. closed CB

Indication derivation Ground sw. open [XOR AND [ ailess ek
A further indication (or a command) can AND ».
be derived from an existing indication.
Group indications can also be formed. HV door closed g
The volume of information to the system Spring charged &
interface can thus be reduced and Trip circuit supervision OK é’

3

restricted to the most important signals.
CB

HV door closed {>O open interlock

Fig. 5/66 Example: Circuit-breaker interlocking
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Functions

Measured values
The r.m.s. values are calculated from the acquired current and
voltage along with the power factor, frequency, active and reac-
tive power. The following functions are available for measured
value processing:
e Currents I11, I, I3, Ig, Igg (67Ns)
* Voltages Vi1, Viz, Viz, Vi, Viaws, Visna
e Symmetrical components Iy, I, 3Ip; Vi, V2, Vo
» Power Watts, Vars, VAIP, Q, S (P, Q: total and phase selective)
 Power factor (cos @), (total and phase selective)
* Frequency
* Energy = kWh, + kVarh, forward and reverse power flow
e Mean as well as minimum and maximum current and voltage
values
¢ Operating hours counter
* Mean operating temperature of overload function
e Limit value monitoring
Limit values are monitored using programmable logic in the

CFC. Commands can be derived from this limit value indica-
tion.

* Zero suppression
In a certain range of very low measured values, the value is set
to zero to suppress interference.

Metered values

For internal metering, the unit can calculate an energy metered
value from the measured current and voltage values. If an
external meter with a metering pulse output is available, the
SIPROTEC 4 unit can obtain and process metering pulses via an
indication input.

The metered values can be displayed and passed on to a control
center as an accumulation with reset. A distinction is made
between forward, reverse, active and reactive energy.

LSP2078-afp.eps

Fig. 5/67 NX PLUS panel (gas-insulated)

Measuring transducers

* Characteristic with knee
For measuring transducers it sometimes makes sense to
extend a small range of the input value, e.g. for the frequency
that is only relevant in the range 45 to 55, 55 to 65 Hz. This
can be achieved by using a knee characteristic.

e Live-zero monitoring
4 — 20 mA circuits are monitored for open-circuit detection.

Switchgear cubicles for high/medium voltage

All units are designed specifically to meet the requirements of
high/medium-voltage applications.

In general, no separate measuring instruments (e.g. for current,
voltage, frequency measuring transducer ...) or additional
control components are necessary.

Siemens SIP - Edition No. 8
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Communication

Communication

In terms of communication, the units offer substantial flexibility

in the context of connection to industrial and power automation
standards. Communication can be extended or added on thanks

to modules for retrofitting on which the common protocols run.
Therefore, also in the future it will be possible to optimally inte-
grate units into the changing communication infrastructure, for
example in Ethernet networks (which will also be used increasingly
in the power supply sector in the years to come).

Serial front interface

There is a serial RS232 interface on the front of all the units. All of
the unit’s functions can be set on a PC by means of the DIGSI 4
protection operation program. Commissioning tools and fault
analysis are also built into the program and are available through
this interface.

Rear-mounted interfaces"

A number of communication modules suitable for various applica-
tions can be fitted in the rear of the flush-mounting housing. In
the flush-mounting housing, the modules can be easily replaced
by the user.

The interface modules support the following applications:

* Time synchronization interface
All units feature a permanently integrated electrical time
synchronization interface. It can be used to feed timing
telegrams in IRIG-B or DCF77 format into the units via time
synchronization receivers.

System interface

Communication with a central control system takes place
through this interface. Radial or ring type station bus topolo-
gies can be configured depending on the chosen interface.
Furthermore, the units can exchange data through this
interface via Ethernet and IEC 61850 protocol and can also be
operated by DIGSI.

Service interface

The service interface was conceived for remote access to a
number of protection units via DIGSI. On all units, it can be
an electrical RS232/RS485 or an optical interface. For special
applications, a maximum of two temperature monitoring
boxes (RTD-box) can be connected to this interface as an
alternative.

System interface protocols (retrofittable)

IEC 61850 protocol

The Ethernet-based IEC 61850 protocol is the worldwide standard
for protection and control systems used by power supply corpora-
tions. Siemens was the first manufacturer to support this standard.
By means of this protocol, information can also be exchanged
directly between bay units so as to set up simple masterless
systems for bay and system interlocking. Access to the units via the
Ethernet bus is also possible with DIGSI.

IEC 60870-5-103 protocol

The IEC 60870-5-103 protocol is an international standard for the
transmission of protective data and fault recordings. All messages
from the unit and also control commands can be transferred by

means of published, Siemens-specific extensions to the protocol.

1) For units in panel surface-mounting housings
please refer to note on page 5/130.

Substation controller
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Fig. 5/68 |EC 60870-5-103: Radial fiber-optic connection

Option: Control
SICAM center
PAS
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Fig. 5/69 Bus structure for station bus with Ethernet and
IEC 61850, fiber-optic ring

PROFIBUS DP protocol

PROFIBUS DP is the most widespread protocol in industrial auto-
mation. Via PROFIBUS DP, SIPROTEC units make their information
available to a SIMATIC controller or, in the control direction, receive
commands from a central SIMATIC. Measured values can also be
transferred.

MODBUS RTU protocol

This uncomplicated, serial protocol is mainly used in industry and
by power supply corporations, and is supported by a number of
unit manufacturers. SIPROTEC units function as MODBUS slaves,
making their information available to a master or receiving infor-
mation from it. A time-stamped event list is available.

Siemens SIP - Edition No. 8
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Communication
DNP 3.0 protocol
. . Operating and Telecontrol interface to Time
Power supply corporations use the serial monitoring system control centers synchroni-
(e.g. IEC 60870-5-104) zation

DNP 3.0 (Distributed Network Protocol)

DCF77, GPS
for the station and network control levels. ”(

SIPROTEC units function as DNP slaves, sup-
plying their information to a master system

or receiving information from it. Substa”tion
controller

System solutions for protection and e B = = = I
station control RS485
Together with the SICAM power automa- RS 485/
tion system, SIPROTEC 4 can be used with gg;'\‘fg'rter §
PROFIBUS DP. Over the low-cost electrical 2
RS485 bus, or interference-free via the optical/ g
optical double ring, the units exchange | — | — RS 232 3
information with the control system. 4F gﬂﬂﬂ CRMYETIST

og o og
Units featuring IEC 60870-5-103 interfaces B TEH =]
can be connected to SICAM in parallel via 75J645 750631  75J62% 75J61 Modern Modem DIGSI 4
the RS485 bus or radially by fiber-optic ' Telecontrol
link. Through this interface, the system is via modem
open for the connection of units of other I
manufacturers (see Fig. 5/68). (Local for commissioning)

Because of the standardized interfaces,
SIPROTEC units can also be integrated

into systems of other manufacturers or

in SIMATIC. Electrical RS485 or optical
interfaces are available. The optimum
physical data transfer medium can be
chosen thanks to opto-electrical converters.
Thus, the RS485 bus allows low-cost wiring
in the cubicles and an interference-free
optical connection to the master can be
established.

Fig. 5/70 System solution/communication

LSP3.01-0021.tif

For IEC 61850, an interoperable system
solution is offered with SICAM PAS. Via
the 100 Mbits/s Ethernet bus, the units are
linked with PAS electrically or optically to
the station PC. The interface is standard-
ized, thus also enabling direct connection »
of units of other manufacturers to the
Ethernet bus. With IEC 61850, however, the
units can also be used in other manufactur-
ers’ systems (see Fig. 5/69).

Fig. 5/71 Optical Ethernet communication module for IEC 61850
with integrated Ethernet-switch
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Typical connections

Typical connections

L1
L2
® Connection of current L3
and voltage transformers 52
Standard connection
For grounded networks, the ground current
is obtained from the phase currents by the
residual current circuit. o
31,
Q3 .
1 31,
Q5 .
¢ Q6 i I3
Q7 % 2
Q8 31 2
3
2
_____ %

Fig. 5/72 Residual current circuit without directional element

L1
L2
L3
52
Q1
Q2 31,
Q3 .,
Q4 § I;
. Q5 .
d Q6 i I3
_{ Q7 i Ige ag>
. ’ g
i
Ny £ 3

Fig. 5/73 Sensitive ground-current detection without directional element

L1
L2
L3 . T. .
R14
i R1s O Vire
. . L R15‘? VLZ-E
R18 °
R17 3 Vize
Q1 .
Q2 ilu
b Q3 .
d Q4 “Lz
5 Q5 .
06 3l
Q7 . Y
Q8 §1E %
g
8
— %

Fig. 5/74 Residual current circuit with directional element
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Typical connections

Connection for compensated networks

L1
The figure shows the connection of L2

L3 I
two phase-to-ground voltages and the

Ve voltage of the open delta winding
and a phase-balance neutral current R17 .

.|}._§_§i
transformer for the ground current. This | m@ Ve
|

52

. L . . R14 .
connection maintains maximum precision =60 Ve
for directional ground-fault detection and — 1

. 32
must be used in compensated networks. g

Figure 5/130 shows sensitive directional d Q1.
ground-fault detection. 2 1 @ 3
3

.
: —
NI

Fig. 5/75 Sensitive directional ground-fault detection with directional element for phases 5
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L1
L2
L3 I

_{ Q7 §1EE
N
N e

Fig. 5/76 Sensitive directional ground-fault detection
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Connection for isolated-neutral L1
or compensated networks only L2

. N
If directional ground-fault jon i St
g ault protection is 5 v
not used, the connection can be made R14 .
with only two phase current transformers. mEle e
Directional phase short-circuit protection I?
5 3V

can be achieved by using only two 21
primary transformers. )

[©]
N
U

LSA2338-bgpen.eps

Fig. 5/77 Isolated-neutral or compensated networks
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Typical applications

Overview of connection types

Type of network

Function

Current connection

Voltage connection

(Low-resistance) grounded network

Overcurrent protection

phase/ground non-directional

Residual circuit, with 3 phase-current
transformers required, phase-balance
neutral current transformer possible

(Low-resistance) grounded networks

Sensitive ground-fault protection

Phase-balance neutral current
transformers required

Isolated or compensated networks

Overcurrent protection phases

non-directional

Residual circuit, with 3 or 2 phase
current transformers possible

(Low-resistance) grounded networks

Overcurrent protection
phases directional

Residual circuit, with 3 phase-current
transformers possible

Phase-to-ground connection or
phase-to-phase connection

Isolated or compensated networks

Overcurrent protection
phases directional

Residual circuit, with 3 or 2 phase-
current transformers possible

Phase-to-ground connection or
phase-to-phase connection

(Low-resistance) grounded networks

Overcurrent protection

Residual circuit, with 3 phase-current

Phase-to-ground connection required

transformers required, phase-balance
neutral current transformers possible

ground directional

3 times phase-to-ground connection or
phase-to-ground connection with open
delta winding

Residual circuit, if ground current

> 0.05 Iy on secondary side, otherwise
phase-balance neutral current
transformers required

Sensitive ground-fault
protection

Isolated networks

Phase-to-ground connection with open
delta winding required

Phase-balance neutral current
transformers required

Sensitive ground-fault protection
cos @ measurement

Compensated networks

Typical applications

Busbar
Voc+ -

Connection of circuit-breaker Emergency OFF |~~~ ‘{
Undervoltage releases T T T 5
Undervoltage releases are used for auto- Close Live status Trip

N : 2851 gontact ANSI 50, 51
matic tripping of high-voltage motors. * See note g
7SJ6
Example:
DC supply voltage of control system fails
Close coil

andmanual electric tripping is no longer
possible.

(W)

*closes when the

Trip coll
Undervoltage
release
52a
R
protection device is

- functioning properly

Automatic tripping takes place when
voltage across the coil drops below the trip
limit. In Fig. 5/78, tripping occurs due to
failure of DC supply voltage, by automatic
opening of the live status contact upon
failure of the protection unit or by short-
circuiting the trip coil in event of a network
fault

Close
2851

7SJ6

LSA2339-bgpen.eps

VDC

Fig. 5/78 Undervoltage release with make contact (50, 51)
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Typical applications

In Fig. 5/79 tripping is by failure of

auxiliary voltage and by interruption of Voot Busbar
tripping circuit in the event of network
failure.Upon failure of the protection unit, Emergency OFF \------------------ i Inverter from
the tripping circuit is also interrupted, CFC-Logic
52

since contact held by internal logic drops

back into open position. Close T T | Trip
2851 1 j ANSI 50, 51

Trip circuit supervision (ANSI 74TC) 7SJ6

One or two binary inputs can be used for
monitoring the circuit-breaker trip coil
including its incoming cables. An alarm
signal occurs whenever the circuit is
interrupted.

Trip coil The trip contact closes
Close coil Undervoltage ( U, ) when no system

release disturbance exists @

52a
Lockout (ANSI 86)

All binary outputs can be stored like LEDs

and reset using the LED reset key. The Voe-
lockout state is also stored in the event of

supply voltage failure. Reclosure can only  Fig. 5/79 Undervoltage release with locking contact (trip signal 50 is inverted)
occur after the lockout state is reset.

LSA2340-bgpen.eps

Busbar

Voc+

Protection indications
511* General trip
2851* CB close command
52 6852* Trip circuit supervi-
sion: Trip relay
6853* Trip circuit supervi-
sion: CB aux
52a open, when CB is open
52b open, when CB is closed
Bl Binary input

Close
2851

52b

Trip 523 Close

coil coil ”
E TRIP | Breaker| BI1 | BI2
L contact
g‘ open |closed |H |L
< open |open H |H
Vo = closed |closed | L |L
= closed |open L H

Fig. 5/80 Trip circuit supervision with 2 binary inputs

Busbar

Voc+ ?

Close
2851

Protection indications
52 511* General trip
2851* CB close command
6852* Trip circuit supervi-
sion: Trip relay
52a open, when CB is open
52b open, when CB is closed
Bl Binary input

52b

Close

coil "
e TRIP Breaker | BI1
g contact
g' open closed H
P open open H
Voc— J_ S closed closed L
= closed open L

Fig. 5/81 Trip circuit supervision with 1 binary input
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Technical data

General unit data

Binary imputs/command inputs

Measuring circuits

System frequency

50/ 60 Hz (settable)

Current transformer

Rated current Inom
Option: sensitive ground-fault CT

Power consumption
atInom=1A
atIhom=5A
for sensitive ground-fault CT at 1 A

Overload capability
Thermal (effective)

Dynamic (impulse current)

Overload capability if equipped with
sensitive ground-fault CT
Thermal (effective)

Dynamic (impulse current)

1 or 5 A (settable)
IEE <1.6 A

Approx. 0.05 VA per phase
Approx. 0.3 VA per phase
Approx. 0.05 VA

500 A for1s

150 A for10's

20 A continuous

250 X Inom (half cycle)

300 Afor1s

100 A for10's

15 A continuous
750 A (half cycle)

Type 7SJ631 7SJ632 7SJ633 7SJ635 7SJ636

Number (marshallable) 11 24 20 37 33

Voltage range DC 24 -250V

Pickup threshold

modifiable by plug-in

jumpers

Pickup threshold DC DC19V DC88YV

For rated control voltage

DC 24/48/60/110/  DC 110/125/220/250 V
DC125V

Power consumption
energized

0.9 mA (independent of operating voltage)
forBI 1...6/8...19/ 25...36;
1.8 mA for BI 7/ 20...24 | 37

Binary outputs/command outputs

Voltage transformer

Rated voltage Viom
Power consumption at Viom = 100 V

Overload capability in voltage path
(phase-neutral voltage)
Thermal (effective)

100V to 225V
< 0.3 VA per phase

230V continuous

Measuring transducer inputs

Type 75J631 7SJ632 7SJ633 7SJ635 7SJ636
Command/indication 8 11 11 14 14
relay

Contacts per command/ 1 NO /form A

indication relay
Live status contact 1 NO / NC (jumper) / form A/ B

Switching capacity
Make

Break

1000 W/ VA

30 W /VA 40 W resistive |
25 W at L/IR =50 ms
<DC250V

5 A continuous,

30 A for 0.5 s making current,
2000 switching cycles

Switching voltage
Permissible current

Power relay (for motor control)

Type 75J633 75J636
Number 2 2

Input current DCO-20 mA

Input resistance 10Q

Power consumption 5.8 mW at 24 mA

Auxiliary voltage (via integrated converter)

Rated auxiliary voltage Vaux DC 24/48 V 60/125V  110/250V

Permissible tolerance DC

Ripple voltage,
peak-to-peak

Power consumption
Quiescent Approx.
Energized Approx.

Backup time during
loss/short-circuit of
auxiliary direct voltage

Rated auxiliary voltage Vaux AC
Permissible tolerance AC
Power consumption

Quiescent
Energized

Approx.
Approx.
Backup time during
loss/short-circuit of

auxiliary alternating voltage
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19-58V 48-150V 88-300V
< 12 % of rated auxiliary voltage

75J631 75J632 75J635
75)633 75)636

4 W 55W 7W

0w 16 W 20 W

>50msatV>DC110V
>20msatV>DC24V

115V 230V
92-132V 184 -265V

7SJ631 7SJ632 7SJ635

7SJ633 7SJ636
3W 5w 7 W
12w 18 W 23 W
> 200 ms

Type 7SJ631 7SJ632 7SJ635
75J633
75J636
Number 0 2(4) 4(8)
Number of contacts/relay 2 NO/form A

Switching capacity

Make 1000W /VAat48V...250V /500 W at 24V
Break 1000 W /VA at48V...250V /500 W at 24V
Switching voltage =DC250V
Permissible current 5 A continuous,
30Afor0.5s



Electrical tests

Specification

Standards

IEC 60255
ANSI C37.90, C37.90.1, C37.90.2,
UL508

Insulation tests

Standards

Voltage test (100 % test)
all circuits except for auxiliary
voltage and RS485/RS232 and
time synchronization

Auxiliary voltage

Communication ports

and time synchronization

Impulse voltage test (type test)
all circuits, except communication

ports and time synchronization,
class Il

IEC 60255-5; ANSI/IEEE C37.90.0
2.5kV (r.m.s. value), 50/60 Hz

DC3.5kV
AC 500V

5 kV (peak value); 1.2/50 ps; 0.5 J
3 positive and 3 negative impulses
atintervalsof 5s

Fast transient surge withstand
capability ANSI/IEEE C37.90.1

Radiated electromagnetic
interference
ANSI/IEEE C37.90.2

Damped wave
IEC 60694 | IEC 61000-4-12

Technical data

4 to 5 kV; 10/150 ns; 50 surges per s
both polarities; duration 2 s, Rj =80 Q

35 VIm; 25 to 1000 MHz;
amplitude and pulse-modulated

2.5 kV (peak value, polarity
alternating)

100 kHz, 1 MHz, 10 and 50 MHz,
Ri=200Q

EMC tests for interference emission; type tests

Standard
Conducted interferences

EN 50081-* (generic specification)
150 kHz to 30 MHz

only auxiliary voltage IEC/CISPR 22 Limit class B
Radio interference field strength 30 to 1000 MHz

IEC/CISPR 11

Limit class B

Units with a detached operator
panel must be installed in a metal
cubicle to maintain limit class B

EMC tests for interference immunity; type tests

Standards

High-frequency test
IEC 60255-22-1, class Il
and VDE 0435 Part 303, class Il

Electrostatic discharge
IEC 60255-22-2 class IV
and EN 61000-4-2, class IV

Irradiation with radio-frequency
field, non-modulated
IEC 60255-22-3 (Report) class Il

Irradiation with radio-frequency
field, amplitude-modulated
IEC 61000-4-3; class IlI

Irradiation with radio-frequency
field, pulse-modulated
IEC 61000-4-3/ENV 50204; class IlI

Fast transient interference/burst
IEC 60255-22-4 and IEC 61000-4-
4, class IV

High-energy surge voltages
(Surge)

IEC 61000-4-5; class IlI
Auxiliary voltage

Binary inputs/outputs

Line-conducted HF,
amplitude-modulated
IEC 61000-4-6, class IlI

Power frequency magnetic field
IEC 61000-4-8, class IV
IEC 60255-6

Oscillatory surge withstand
capability
ANSI/IEEE C37.90.1

IEC 60255-6; IEC 60255-22
(product standard)

EN 50082-2 (generic specification)
DIN 57435 Part 303

2.5 kV (peak value); 1 MHz; T=15 ms;
400 surges per s; test duration 2 s

8 kV contact discharge;
15 kV air gap discharge;
both polarities; 150 pF; Ri =330 Q

10 VIm; 27 to 500 MHz

10 VIm, 80 to 1000 MHz;
AM 80 %; 1 kHz

10 VIm, 900 MHz; repetition
rate 200 Hz, on duration 50 %

4 kV; 5/50 ns; 5 kHz;

burst length = 15 ms;

repetition rate 300 ms; both polarities;
Ri =50 Q; test duration 1 min

From circuit to circuit: 2 kV; 12 Q; 9 pF
across contacts: 1 kV; 2 Q ;18 pyF

From circuit to circuit: 2 kV; 42 Q; 0.5 pF
across contacts: 1 kV; 42 Q; 0.5 pF

10 V; 150 kHz to 80 MHz;
AM 80 %; 1 kHz

30 A/m; 50 Hz, continuous
300 A/m; 50 Hz, 3 s
0.5 mT, 50 Hz

2.5 to 3 kV (peak value), 1 to 1.5 MHz
damped wave; 50 surges pers;
duration 2's, Rj= 150 to 200 Q

Mechanical stress tests

Vibration, shock stress and seismic vibration

During operation
Standards
Vibration

IEC 60255-21-1, class 2
IEC 60068-2-6

Shock
IEC 60255-21-2, class 1
IEC 60068-2-27

Seismic vibration
IEC 60255-21-3, class 1
IEC 60068-3-3

During transportation
Standards

Vibration
IEC 60255-21-1, class 2
IEC 60068-2-6

Shock
IEC 60255-21-2, Class 1
IEC 60068-2-27

Continuous shock
IEC 60255-21-2, class 1
IEC 60068-2-29

IEC 60255-21 and IEC 60068-2

Sinusoidal

10 to 60 Hz; + 0.075 mm amplitude;
60 to 150 Hz; 1 g acceleration
frequency sweep 1 octave/min

20 cycles in 3 perpendicular axes

Semi-sinusoidal
Acceleration 5 g, duration 11 ms;
3 shocks in both directions of 3 axes

Sinusoidal

1to 8 Hz: + 3.5 mm amplitude
(horizontal axis)

1to 8 Hz: + 1.5 mm amplitude
(vertical axis)

8 to 35 Hz: 1 g acceleration
(horizontal axis)

8 to 35 Hz: 0.5 g acceleration
(vertical axis)

Frequency sweep 1 octave/min
1 cycle in 3 perpendicular axes

IEC 60255-21 and IEC 60068-2

Sinusoidal

5to 8 Hz: + 7.5 mm amplitude;
8 to 150 Hz; 2 g acceleration,
frequency sweep 1 octave/min
20 cycles in 3 perpendicular axes

Semi-sinusoidal
Acceleration 15 g, duration 11 ms
3 shocks in both directions of 3 axes

Semi-sinusoidal

Acceleration 10 g, duration 16 ms
1000 shocks in both directions

of 3 axes
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5172

Overcurrent Protection/7SJ63

Technical data

Climatic stress tests

Temperatures

Type-tested acc. to IEC 60068-2-1 -25 °C to +85 °C /-13 °F to +185 °F

and -2, test Bd, for 16 h

Temporarily permissible operating -20 °C to +70 °C /-4 °F to +158 °F

temperature, tested for 96 h

Recommended permanent

operating temperature acc. to

IEC 60255-6

(Legibility of display may be

impaired above +55 °C /[+131 °F)

— Limiting temperature during
permanent storage

— Limiting temperature during
transport

-5°Cto+55°C/+25°Fto +131 °F

-25°Cto +55°C/-13 °F to +131 °F

-25°Cto +70°C/-13 °F to +158 °F

Humidity

Permissible humidity

It is recommended to arrange the

units in such a way that they are
not exposed to direct sunlight or

pronounced temperature changes

that could cause condensation.

Annual average 75 % relative
humidity; on 56 days a year up to
95 % relative humidity;
condensation not permissible!

Unit design

Housing 7XP20

Dimensions See dimension drawings, part 14 of
this catalog

Weight in kg Housing width 1/2 Housing width 1/1

Surface-mounting housing
Flush-mounting housing
Housing for detached operator
panel

Detached operator panel

Degree of protection

acc. to EN 60529
Surface-mounting housing
Flush-mounting housing
Operator safety

7.5 15
6.5 13
8.0 15
2.5 2.5
IP 51

Front: IP 51, rear: IP 20;
IP 2x with cover

Futher information can be found in the current manual at:

www.siemens.com/siprotec
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Selection and ordering data

Description Order No.
75J63 multifunction protection relay 7s)63 ][ -[ICICICIC-CICICIC]
Housing, binary inputs (BI) and outputs (BO),measuring transducer
Housing 219", 11 BI, 8 BO, 1 live status contact 1
Housing 219", 24 BI, 11 BO, 2 power relays (4 contacts), 1 live status contact 2
Housing 219", 20 BI, 11 BO, 2 measuring transducer inputs, 2 power relays (4 contacts), 1 live status contact 3 See next
Housing 119", 37 Bl, 14 BO, 4 power relays (8 contacts), 1 live status contact 5 page
Housing %19, 33 BI, 14 BO, 2 measuring transducer inputs, 4 power relays (8 contacts), 1 live status contact 6
Measuring inputs (3 xV, 4 x I)
Ih=1 AD, I=1 A" (min. = 0.05 A)
Position 15 only with A, C, E, G
Ioh =1 AY, I = sensitive (min. = 0.001 A)
Position 15 only with B, D, F, H
Iph=5 AD, I¢=5 A" (min. = 0.25 A)
Position 15 only with A, C, E, G
Ioh =5 A", I = sensitive (min. = 0.001 A)
Position 15 only with B, D, F, H
Ioh=5AY, I.=1AD (min. = 0.05 A)
Position 15 only with A, C, E,G
Rated auxiliary voltage (power supply, indication voltage)
DC 24 to 48 V, threshold binary input DC 19 V 3)
DC 60 to 125 V 2), threshold binary input DC 19 V 3)
DC 110 to 250 V 2), AC 115 to 230 V4, threshold binary input DC 88 V 3)
Unit version
For panel surface mounting, plug-in terminals, detached operator panel A
For panel surface mounting, two-tier terminal top/bottom B
For panel surface mounting, screw-type terminals, detached operator panel C
For panel flush mounting, plug-in terminal (2/3 pin connector) D
For panel flush mounting , screw-type terminals (direct connection/ring-type cable lugs) E
For panel flush mounting, screw-type terminal (direct connection/ring-type cable lugs)
without operator panel, panel mounting in low-voltage housing F
Surface-mounting housing, plug-in terminals, without operator panel, panel mounting
in low-voltage housing G
Region-specific default settings/function versions and language settings
Region DE, 50Hz, IEC, language: German, selectable A
Region World, 50/60 Hz, IEC/ANSI, language: English (GB), selectable B
Region US, 60Hz, ANSI, language: English (US), selectable c
Region FR, 50/60 Hz, IEC/ANSI, language: French, selectable D
Region World, 50/60 Hz, IEC/ANSI, language: Spanish, selectable E
System interface (Port B): Refer to page 5/152
No system interface 0
Protocols see page 5/152
Service interface (Port C)
No interface at rear side 0
DIGSI 4/modem, electrical RS232 1
DIGS| 4/modem/RTD-box, electrical RS485 2
DIGSI 4/modem/RTD-box>)®), optical 820 nm wavelength, ST connector 3
Measuring/fault recording
Slave pointer,mean values, min/max values, fault recording 3
1) Rated current can be selected by means of jumpers. 5) Temperature monitoring box 7XV5662-[JAD10,
2) Transition between the two auxiliary voltage ranges can be selected refer to “Accessories”.

by means of jumpers. 6) When using the temperature monitoring box at an optical interface,
3) The binary input thresholds can be selected per binary input by the additional RS485 fiber-optic converter 7XV5650-0[JA0Q is

means of jumpers. required.

4) AC 230V, starting from device version .../EE.
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Selection and ordering data

Description Order No. Order code
75J63 multifunction protection relay 7sJ63] J-LILLIOIOI-LICICICY
Designation ANSI No.  Description
Basic version Control
50/51 Overcurrent protection I>, I>>, I, reverse interlocking
50N/51N Ground-fault protection Ig>, Ig>>, Igp
50N/51N  Insensitive ground-fault protection via
IEE function: Igg>, Iee>>, Ieep"
49 Overload protection (with 2 time constants)
46 Phase balance current protection
(negative-sequence protection)
37 Undercurrent monitoring
47 Phase sequence
59N/64 Displacement voltage
50BF Breaker failure protection
74TC Trip circuit supervision
4 setting groups, cold-load pickup
Inrush blocking
86 Lockout FlA
V,f 27159 Under-/overvoltage
810/U Under-/overfrequency FIE
IEF V,f 27159 Under-/overvoltage
810/U Under-loverfrequency
Intermittent ground fault PIE
Dir 67167N Direction determination for overcurrent, phases and ground
47 Phase sequence Flc
Dir v, f 67/67N Direction determination for overcurrent, phases and ground
27159 Under-/overvoltage
810/U Under-/overfrequency Elg
Dir IEF 67/67N Direction determination for overcurrent, phases and ground
Intermittent ground fault PlC
Directional Dir 67/67N Direction determination for overcurrent, phases and ground
ground-fault 67Ns Directional sensitive ground-fault detection
detection 87N High-impedance restricted ground fault
FDP
Directional Dir IEF 67/67N Direction determination for overcurrent, phases and ground
ground-fault 67Ns Directional sensitive ground-fault detection
detection 87N High-impedance restricted ground fault
Intermittent ground fault PID®
Directional 67Ns Directional sensitive ground-fault detection
ground-fault 87N High-impedance restricted ground fault
detection
F|BP
Directional Motor V, f 67Ns Directional sensitive ground-fault detection
ground-fault 87N High-impedance restricted ground fault detection
48114 Starting time supervision, locked rotor
66/86 Restart inhibit
27159 Under-/overvoltage
810/U Under-/overfrequency H|F[?

Basic version included

V,f  =Voltage, frequency protection
Dir = Directional overcurrent protection
IEF = Intermittent ground fault
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1) Only with insensitive ground-current
transformer when position 7=1, 5, 7.

2) For isolated / compensated networks
only with sensitive ground-current
transformer when position 7 = 2, 6.

Continued on
next page



Selection and ordering data

Description

Order No. Order code

75J63 multifunction protection relay

7s363 0] J-C1I0I0I0-CICICIC]

= 5 3

Designation ANSI No.  Description
Basic version Control
50/51 Overcurrent protection I>, I>>, I, reverse interlocking
50N/51N Ground-fault protection Ig>, Ig>>, Igp
50N/51N  Ground-fault protection via insensitive
IEE function: Igg>, Iee>>, Ieep")
49 Overload protection (with 2 time constants)
46 Phase balance current protection
(negative-sequence protection)
37 Undercurrent monitoring
47 Phase sequence
59N/64 Displacement voltage
50BF Breaker failure protection
74TC Trip circuit supervision
4 setting groups, cold-load pickup
Inrush blocking
86 Lockout
Directional Motor V,f  67167N Direction determination for overcurrent, phases and ground
ground-fault Dir 67Ns Directional sensitive ground-fault detection
detection 87N High-impedance restricted ground fault
48114 Starting time supervision, locked rotor
66/86 Restart inhibit
27159 Under-/overvoltage
810/U Under-/overfrequency H[HP
Directional Motor IEFV, f  67/67N Direction determination for overcurrent, phases and ground
ground-fault Dir 67Ns Directional sensitive ground-fault detection
detection 87N High-impedance restricted ground fault
Intermittent ground fault
48114 Starting time supervision, locked rotor
66/86 Restart inhibit
27159 Undervoltage/overvoltage
810/U Underfrequencyloverfrequency RIH[P
Motor V,f  67/67N Direction determination for overcurrent, phases and ground
Dir 48114 Starting time supervision, locked rotor
66/86 Restart inhibit
27159 Under-/overvoltage
810/U Under-/overfrequency HlG
Motor 48114 Starting time supervision, locked rotor
66/86 Restart inhibit HIA
ARC, fault locator Without 0
79 With auto-reclosure 1
21FL With fault locator 2
79, 21FL  With auto-reclosure, with fault locator 3

Basic version included
v, f

Dir = Directional overcurrent protection

= Voltage, power, frequency protection

IEF = Intermittent ground fault

1) Only with insensitive ground-current transformer when

position7=1,5, 7.

2) For isolated / compensated networks only with sensitive
ground-current transformer when position 7 = 2, 6.
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Selection and ordering data

Description Order No. Order code

7SJ63 multifunction protection relay 7s)63 [ L1-L1OIOICI0I-0J000I-CIC 0]
System interface (on rear of unit, Port B)

No system interface

IEC 60870-5-103 protocol, RS232

IEC 60870-5-103 protocol, R5485

IEC 60870-5-103 protocol, 820 nm fiber, ST connector

PROFIBUS DP Slave, RS485

PROFIBUS DP Slave, 820 nm wavelength, double ring, ST connector )
MODBUS, RS485

MODBUS, 820 nm wavelength, ST connector 2)

DNP 3.0, RS485

DNP 3.0, 820 nm wavelength, ST connector 2)

IEC 61850, 100 Mbit Ethernet, electrical, double, RJ45 connector (EN 100)
IEC 61850, 100 Mbit Ethernet, optical, double, LC connector (EN 100)2)

v|iv|v|lv|lw|lwvlwvw| v |w|v |- |o
rrrrririr-rir-rr
o|o|o|o|o|o|o|o
| x| IT|O|m|O| w|>

1) Not with position 9 = “B”; if 9 = “B”, please order 7SJ6 unit with RS485 port and separate fiber-optic converters.
For single ring, please order converter 6GK1502-3AB10, not available with position 9 = “B".
For double ring, please order converter 6GK1502-4AB10, not available with position 9 = “B".
The converter requires a AC 24 V power supply (e.g. power supply 7XV5810-0BA00).

2) Not available with position 9 = “B".

Sample order

Position Order No. + Order code

75)6325-5EC91-3FC1+L0G
110’s: 24 BI/11 BO, 1 live status contact 2

Current transformer: 5 A 5

Power supply: DC 110 to 250V, AC 115 V to AC 230 V 5

9 Unit version: Flush-mounting housing, screw-type terminals E
10 Region: US, English language (US); 60 Hz, ANSI C
11 Communication: System interface: DNP 3.0, RS485 9 LlolGg
12 Communication: DIGSI 4, electric RS232 1
13 Measuring/fault recording: Extended measuring and fault records 3

® ||

14/15 Protection function package: Basic version plus directional TOC FlC

16 With auto-reclosure 1
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Overcurrent Protection/7SJ63

Selection and ordering data

Temperature monitoring box
ACIDC 24 to 60 V
AC/DC 90 to 240 V

7XV5662-2AD10
7XV5662-5AD10

Varistor/VoltageArrester

Voltage arrester for high-impedance REF protection
125 Vrms; 600 A; 1S/S 256

240 Vrms; 600 A; 1S/S 1088

C53207-A401-D76-1
C53207-A401-D77-1

Connecting cable

Cable between PC/notebook (9-pin con.) and protection unit
(9-pin connector) (contained in DIGSI 4, but can be ordered
additionally)

Cable between temperature monitoring box and
SIPROTEC 4 unit
-length 5m/16.4 ft

- length 25 m / 82 ft
- length 50 m/ 164 ft

7XV5100-4

7XV5103-7AA05
7XV5103-7AA25
7XV5103-7AA50

Manual for 7SJ63
English/German

C53000-G1140-C147-x V

1) x = please inquire for latest edition (exact Order No.).
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Overcurrent Protection/7SJ63

Selection and ordering data

Terminal safety cover

(R S ——— g Voltage/current terminal 18-pole/12-pole C73334-A1-C31-1 1 Siemens
f‘* mmmmmmr] é Voltage/current terminal 12-pole/8-pole C73334-A1-C32-1 1 Siemens
] ] 2 Connector 2-pin C73334-A1-C35-1 1 Siemens
U il B Connector 3-pin €73334-A1-C36-1 1 Siemens
Crimp connector CI2 0.5 to 1 mm?2 0-827039-1 4000 n
" taped on reel
g i Crimp connector Cl2 0.5 to 1 mm?2 0-827396-1 1 n
% g Crimp connector: Type lll+ 0.75 to 1.5 mm2 0-163084-2 1 n
g & Crimp connector: Type lll+ 0.75 to 1.5 mm2 0-163083-7 4000 n
% 3 taped on reel
2ipiniconnector 3 pinl canniector Crimping tool for Type Ill+ 0-539635-1 1 1
and matching female 0-539668-2 1 N
Crimping tool for CI2 0-734372-1 1 n
) and matching female 1-734387-1 1 n
a g
% @) % Short-circuit links )
g @3 % for current terminals C73334-A1-C33-1 1 S!emens
5 ' % for other terminals C73334-A1-C34-1 1 Siemens
Short-circuit links Short-circuit links Mounting rail for 19" rack C73165-A63-D200-1 1 Siemens

for current terminals ~ for current terminals

1) Your local Siemens representative can inform you on local suppliers.
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Overcurrent Protection/7SJ63

Connection diagram

Housing for panel surface mounting

Housing for surface mounting/flush mounting
. 7SJB3TxX-X A XXX-XXXX
—L-— (76 ]

7SJ631 BO1 ! C
BO2 P E
L F5 ] 51 F
BO3 ;f—-— G
[F7] 52

BO11

‘ Operator Operator Earthing at
‘ interface panel rear of housing

BO12 ¢~ —{R2 |—]
BO13
{ra}—{72
BO14 r ‘
{Re 73
BO15 r ‘
‘ | ER, 172
| —
' Live status 12 ‘ =y 54
LI T
! contact {3 2 ‘ 2 =
‘ Power (f)
i supply = =
| ‘ (¢} !
| ERls |
i System port ! o 8 i
! 1 *
96 @i BI21 ‘ S c ‘ )
71 [R10} BI22 Service port } o ‘
% [’ 1 BI23 ‘ |
- (12} ‘ Blz4 -sl-ly/nr;‘Shronization | j A i g
5 — (A3 | |
! Earthing at i !
L rear of housing 9 | ‘

LSA2860-bgpen.eps

*) For pinout of communication ports see part 14 of this catalog.
For the allocation of the terminals of the panel surface-mounting version
refer to the manual (http://lwww.siemens.com/siprotec).

Fig. 5/82 7SJ631 connection diagram

Siemens SIP - Edition No. 8 | 5/79




Connection diagram

T 7SJB32x-X B XXX-XXXX

Housing for surface mounting/flush mounting
e e 7SJB32X-X A XXX-XXXX
(25 ] I 75J632 BO1 ‘ 76 8
L50] BO2 F 77 B
e he {F5}—{51] F
[49 ] L= ®
I BO3 53
48 LF7 |
3l I
47
21 Vi BO4
46 Vi,
20 BO5
19 Vi3/Ve
44 BO6
55 BI1
BO7
80 BI2
56 BI3 BOS
81 Bl4 BO9 F
82 BIS L8 40
BO10 (J11] (13 ]
58 BI6 P
r — J12 38
57 ‘
BO11 T 100
BlI7 BO12 75
BO13 T 99
84 BIS i (R4} [ 74 ]
60 BI9 BO14 r 98
(85 ] BI10 r{R6 | (73]
!
[E BI11 BO15 r +‘ 97
(62 ] BI12 LRSS 172
!
87 BI13 Live status ! | rF3] 52
contact 3 2 B
e Bl
88 BI15 +
= = 15 ]
[ 86 | Power (~) ‘ LR 15
suppl = —
(6] BI16 Pey e
89 BI17 ‘ o i %)
&5 BIT8 | 08 B |
(501 BI19 System port Moo |
66 ‘ ‘ -
91 BI20 _ | [o]] ¢ ‘
(67 ] Service port Mo
% BI21 ‘ ‘
Time | *)
(71} Bl22 synchronization i A ‘
95 BI23 ‘
[70] Bl24 Earthing at @ﬂ‘ ‘
94 rear of housing ! |
= lg
‘ ‘ Front Operator Earthing at @ ! =
i ‘ interface panel rear of housing ‘ | é
*) For pinout of communication ports see part 14 1) Power relays are intended to directly control motorized switches. The power relays are
of this catalog. interlocked so only one relay of each pair can close at a time, in order to avoid shorting
For the allocation of the terminals of the panel out the power supply. The power relay pairs are BO4/BO5, BO6/BO7. If used for protection
surface-mounting version refer to the manual purposes only one binary output of a pair can be used.

(http:/lwww.siemens.com/siprotec).

Fig. 5/83 7SJ632 connection diagram
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Connection diagram

T 7SJB33x-X B XXX-XXXX

Housing for surface mounting/flush mounting
LN T T T T T T T T T 1 7SJB33Xx-X A XXX-XXXX

[25] 14 7SJ633 BO1 76 @

L50] BO2 F 771 P

e he {F5}—{51] F
49 | G

I BO3 53
48 Ll T

3l I
47
21 Vs BO4
46 Vi,

20 BO5
19 Vi /Ve
44 BO6
55 BI1

BO7
80 BI2
56 BI3 BOS
81 Bl4 BO9 F

e }

82 BI5 501 — J8 | 40

E  — "
57 ‘ [ESAFaN)

BO11 ; {100]

BI7 e 75

(59} BO13 | o9 ]
84 BI8 i (R4} 74 ]
60 BI9 BO14 r 98

[85] BI10 L R6 | { 73]

.
[E BI11 BO15 r +‘ 97
{Rs 72
62 BI12 I
6 o——

(7} BIT3 Live status 12 ‘ F3 } 54 ]
63 Bl14 contact 32 I 9]
88 BI15 +

= Ll
86 POW?V (~) ~ ‘ IF_1J E

(64} BI16 ueey 1= 2 —lc]
89 BI17 ‘ o i %)
&5 BIT8 | 08 B |

[90] BI19 System port Tollo i
66 | | %)
91 ‘ BI20 _ | [o c ‘

(671 i Service port o ‘

96 Transducer 1 - ‘ ‘ .

(7 +—{FioH e ronizat H] a0

‘ synchronization ‘ ‘
95 Transducer 2 =] !
70 R12 Earthing at @ ‘ ‘
‘ ’ rear of housing ! |
(=] lg
! ‘ Front Operator Earthing at @ — §
‘ ‘ interface panel rear of housing ‘ g
| e
e |3

*) For pinout of communication ports see part 14
of this catalog.
For the allocation of the terminals of the panel
surface-mounting version refer to the manual
(http:/lwww.siemens.com/siprotec).

Fig. 5/84 7SJ633 connection diagram

1) Power relays are intended to directly control motorized switches. The power relays are
interlocked so only one relay of each pair can close at a time, in order to avoid shorting
out the power supply. The power relay pairs are BO4/BO5, BO6/BO7. If used for protection
purposes only one binary output of a pair can be used.
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Connection diagram

Housing for panel surface mounting

1 Housing for surface mounting/flush mounting 759635 B oo
*,7,7,77777——7—7f*f’7’47l 7SJ635x-x A XXX~
_ - n Jusas o = X-X A XXX-XXXX
100 Q2 | BO2 F P
9 QG H—"""\ 1, :
99 Q4 ! G
48 Qs H—""\ 1, pos :
9% Q6 H
47 """
97 Q8
46 R14H- Vi
% R15 Vi
45 R16 |-
44 Vis/ Ve
94 R18
105
165
106

jo
(2}

Bl

=]
~

[o2]
©

to avoid shorting out the power supply.
The power relay pairs are BO4/BO5,
BO6/BO7, BO16/BO17 and BO18/BO19.
If used for protection purposes only one
binary output of a pair can be used.

120 BI9

[170] BI10
121 BI11
122 Bl12

BI13
Bl14
BI15

[124] BI16

[174] BI17

[125] BI18
175 BI19
126
176 BI20
127

(196} BI21

BI22
195 BI23 | ‘

145 Bl24 c 8— ‘
194 Live status | F3}
3 104
177 BI25 contact 32 \
128 BI26 .
178 BI27 Power =)
129 BI28 supply =
130 BI29 ‘ ol |
180 BI3O < | Og 5| %
ystem port i . L.
BI31 I'lo]lo ‘ *) For pinout of communication ports see
BI32 | ‘ part 14 of this catalog.
Servi . ‘ ¢ C ‘ *) For the allocation of the terminals of
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[182] BI34 ‘ refer to the manual
Time | ‘ * (http://www.siemens.com/siprotec).

[333] BIS5 synchronization | A ) . )

[1e3] BI36 | ‘ 1) Power relays are intended to directly
134 ) w control motorized switches. The power
184 BI37 Earthing at g | ‘ relays are interlocked so only one relay
135 ,7,7,7,7,7,7,£afﬁ?@9,7,J i of each pair can close at a time, in order

interface panel rear of housing ‘

‘ Operator Operator Earthing at ! -
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Fig. 5/85 7SJ635 connection diagram
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Housing for panel surface mounting
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‘ ‘ Operator
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Fig. 5/86 7SJ636 connection diagram

Operator
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rear of housing !
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I
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Connection diagram

*) For pinout of communication ports see
part 14 of this catalog.
For the allocation of the terminals of
the panel surface-mounting version
refer to the manual
(http:/lwww.siemens.com/siprotec).

1) Power relays are intended to directly
control motorized switches. The power
relays are interlocked so only one relay
of each pair can close at a time, in order
to avoid shorting out the power supply.
The power relay pairs are BO4/BO5,
BO6/BO7, BO16/BO17 and BO18/BO19.
If used for protection purposes only one
binary output of a pair can be used.
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Overcurrent Protection/7SJ64

SIPROTEC 7SJ64 multifunction protection relay with synchronization
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Fig. 5/87 SIPROTEC 7SJ64 multifunction protection relay

Description

The SIPROTEC 7SJ64 can be used as a protective control and
monitoring relay for distribution feeders and transmission

lines of any voltage in networks that are earthed (grounded),
low-resistance grounded, ungrounded, or of a compensated
neutral point structure. The relay is suited for networks that
are radial or looped, and for lines with single or multi-terminal
feeds. The SIPROTEC 7SJ64 is equipped with a synchronization
function which provides the operation modes ‘synchronization
check’ (classical) and ‘synchronous/asynchronous switching’
(which takes the CB mechanical delay into consideration). Motor
protection comprises undercurrent monitoring, starting time
supervision, restart inhibit, locked rotor, load jam protection as
well as motor statistics.

The 7SJ64 is featuring the "flexible protection functions". Up to
20 protection functions can be added according to individual
requirements. Thus, for example, rate-of-frequency-change
protection or reverse power protection can be implemented.

The relay provides easy-to-use local control and automation
functions. The number of controllable switchgear depends only
on the number of available inputs and outputs. The integrated
programmable logic (CFC) allows the user to implement their
own functions, e.g. for the automation of switchgear (interlock-
ing). CFC capacity is much larger compared to 7SJ63 due to
extended CPU power. The user is able to generate user-defined
messages as well.

The flexible communication interfaces are open for modern
communication architectures with control systems.

Function overview

Protection functions

* Overcurrent protection

¢ Directional overcurrent protection

« Sensitive dir./non-dir. ground-fault detection
 Displacement voltage

¢ Intermittent ground-fault protection

« Directional intermittent ground fault protection
¢ High-impedance restricted ground fault

e Inrush restraint

¢ Motor protection

¢ Overload protection

* Temperature monitoring

* Under-/overvoltage protection

e Under-/overfrequency protection
 Rate-of-frequency-change protection

* Power protection (e.g. reverse, factor)

* Undervoltage-controlled reactive power protection
¢ Breaker failure protection

* Negative-sequence protection

* Phase-sequence monitoring

¢ Synchronization

e Auto-reclosure

e Fault locator

* Lockout

Control functions/programmable logic

¢ Flexible number of switching devices

* Position of switching elements is shown on the graphic display
* Locallremote switching via key-operated switch

» Control via keyboard, binary inputs, DIGSI 4 or SCADA system
¢ Extended user-defined logic with CFC (e.g. interlocking)

Monitoring functions

e Operational measured values V, I, f, ...
* Energy metering values Wy, Wy

e Circuit-breaker wear monitoring

* Slave pointer

e Trip circuit supervision

* Fuse failure monitor

» 8 oscillographic fault records

e Motor statistics

Communication interfaces

e System interface
- |[EC 60870-5-103, IEC 61850
— PROFIBUS DP
— DNP 3/ DNP3 TCP / MODBUS RTU
— PROFINET

¢ Service interface for DIGSI 4 (modem)

¢ Additional interface for temperature detection (RTD-box)
¢ Front interface for DIGSI 4

* Time synchronization via IRIG BIDCF77

Siemens SIP - Edition No. 8
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Application
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Fig. 5/88 Function diagram
Application

The SIPROTEC 7SJ64 unit is a numerical protection relay that also
performs control and monitoring functions and therefore supports
the user in cost-effective power system management, and ensures
reliable supply of electric power to the customers. Local operation
has been designed according to ergonomic criteria. A large, easy-
to-read graphic display was a major design aim.

Control

The integrated control function permits control of disconnect
devices (electrically operated/motorized switches) or circuit-
breakers via the integrated operator panel, binary inputs, DIGSI 4
or the control and protection system (e.g. SICAM). The present
status (or position) of the primary equipment can be displayed.
7SJ64 supports substations with single and duplicate busbars.
The number of elements that can be controlled (usually 1 to 5) is
only restricted by the number of inputs and outputs available. A
full range of command processing functions is provided.

Programmable logic

The integrated logic characteristics (CFC) allow users to
implement their own functions for automation of switchgear
(interlocking) or a substation via a graphic user interface. Due
to extended CPU power, the programmable logic capacity is
much larger compared to 7SJ63. The user can also generate
user-defined messages.

Line protection

The 7SJ64 units can be used for line protection of high and
medium-voltage networks with grounded, low-resistance
grounded, isolated or compensated neutral point.
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Synchronization

In order to connect two components of a power system, the relay
provides a synchronization function which verifies that switching
ON does not endanger the stability of the power system.

The synchronization function provides the operation modes ‘syn-
chro-check’ (classical) and ‘synchronous/asynchronous switching’
(which takes the c.-b. mechanical delay into consideration).

Motor protection

When protecting motors, the relays are suitable for asynchro-
nous machines of all sizes.

Transformer protection

The 7SJ64 units perform all functions of backup protection
supplementary to transformer differential protection. The inrush
suppression effectively prevents tripping by inrush currents.

The high-impedance restricted ground-fault protection detects
short-circuits and insulation faults of the transformer.

Backup protection

The relays can be used universally for backup protection.

Flexible protection functions

By configuring a connection between a standard protection logic
and any measured or derived quantity, the functional scope of
the relays can be easily expanded by up to 20 protection stages
or protection functions.

Metering values

Extensive measured values, limit values and metered values
permit improved system management.



Application

ANSI

IEC

Protection functions

50, 50N

I>, I>>, [>>>
Ie>, Ig>>, [e>>>

Definite-time overcurrent protection (phase/neutral)

50. 50N >>>>, I> Additional definite-time overcurrent protection stages
Ie>>>> (phasel/neutral) via flexible protection functions
51,51V, 51N Ip, Iep Inverse overcurrent protection (phase/neutral), phase function with voltage-dependent option

67, 67N

Lgir>, Igir>>, Ip dir
Iedir>, Iedir>>, Iep dir

Directional overcurrent protection (definite/inverse, phase/neutral),
Directional comparison protection

Tee>, Ieg>>, Iegp

Sensitive ground-fault protection

Cold load pick-up (dynamic setting change)

1) | (o0 1 I (ov

=R A N

w =

i z g
ul
o
=z
wv

59N/64 Ve, Vo> Displacement voltage, zero-sequence voltage
Tre> Intermittent ground fault
I dir> Directional intermittent ground fault protection
High-impedance restricted ground-fault protection
Breaker failure protection
79M Auto-reclosure
Synchronization
> Phase-balance current protection (negative-sequence protection)

V,>, phase seq.

Unbalance-voltage protection and/or phase-sequence monitoring

®®®®®

> Thermal overload protection
Starting time supervision
51M Load jam protection
Locked rotor protection
Restart inhibit
@ I Undercurrent monitoring
Temperature monitoring via external device (RTD-box), e.g. bearing temperature monitoring
V<, V> Undervoltagelovervoltage protection
dvidt Rate-of-voltage-change protection
@ P<>, Q<> Reverse-power, forward-power protection
Q>/V< Undervoltage-controlled reactive power protection
@ cos @ Power factor protection
310/U >, f< Overfrequency/underfrequency protection
81R dfidt Rate-of-frequency-change protection
21FL Fault locator
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Overcurrent Protection/7SJ64

Construction

Construction

Connection techniques and housing
with many advantages

5, V2 and "h-rack sizes

These are the available housing widths

of the 7SJ64 relays, referred to a

19" module frame system. This means
that previous models can always be
replaced. The height is a uniform 244 mm
for flush-mounting housings and 266 mm
for surface-mounting housings for all
housing widths. All cables can be con-
nected with or without ring lugs. Plug-in
terminals are available as an option.

LSP2299-bfpen.tif

LSP2174-afp.tif

It is thus possible to employ prefabricated
cable harnesses. In the case of surface
mounting on a panel, the connection
terminals are located above and below

in the form of screw-type terminals. The
communication interfaces are located in

a sloped case at the top and bottom of
the housing. The housing can also be sup-
plied optionally with a detached operator
panel (refer to Fig. 5/91), or without
operator panel, in order to allow optimum
operation for all types of applications.

Fig. 5/89 Flush-mounting housing Fig. 5/90 Front view of 7SJ64 with
with screw-type terminals 5 x 19" housing

I g |

i

-

i

Fig. 5/91 Housing with plug-in terminals and detached operator panel

LSP2219-afpen.eps

Fig. 5/92 Surface-mounting housing with Fig. 5/93 Communication interfaces in a
screw-type terminals sloped case in a surface-mounting
housing
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Protection functions

ZLDelay
Overcurrent protection
(ANSI 50, 50N, 51,51V, 51N)  Delay

This function is based on the phase-
selective measurement of the three phase )
currents and the ground current (four 50-1 ]
transformers). Three definite-time over-
current protection elements (DMT) exist
both for the phases and for the ground.

Protection functions

LSA2857-agpen.eps

The current threshold and the delay time 50-2- L&
can be set in a wide range. In addition, g
inverse-time overcurrent protection $
characteristics (IDMTL) can be activated. g
The inverse-time function provides — as \ \ -
50-1 502 oo

an option — voltage-restraint or voltage-
controlled operating modes.

With the "flexible protection functions", Fig. 5/94 Definite-time overcurrent protection  Fig. 5/95
further definite-time overcurrent stages

can be implemented in the 75J64 unit.

nom

Inverse-time overcurrent protection

Reset characteristics Available inverse-time characteristics
. . . . . Characteristics acc. to ANSI/IEEE IEC 60255-3

For easier time coordination with electro-
mechanical relays, reset characteristics Inverse ° °
according to ANSI C37.112 and Short inverse .
IEC 60255-3 | BS 142 standards are -

. Long inverse . ©
applied.

Moderately inverse o

When using the reset characteristic (disk

emulation), a reset process is initiated Very inverse * °
after the fault current has disappeared. Extremely inverse . o
This reset process corresponds to the Definite inverse .

reverse movement of the Ferraris disk of
an electromechanical relay (thus: disk
emulation).

User-definable characteristics

Instead of the predefined time characteristics according to ANSI,
tripping characteristics can be defined by the user for phase and
ground units separately. Up to 20 current/time value pairs may

be programmed. They are set as pairs of numbers or graphically
in DIGSI 4.

Inrush restraint

The relay features second harmonic restraint. If the second
harmonic is detected during transformer energization, pickup of
non-directional and directional normal elements are blocked.

Cold load pickup/dynamic setting change

For directional and nondirectional overcurrent protection
functions the initiation thresholds and tripping times can be
switched via binary inputs or by time control.
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Protection functions

Directional overcurrent protection (ANSI 67, 67N)

Directional phase and ground protection are separate functions.
They operate in parallel to the non-directional overcurrent
elements. Their pickup values and delay times can be set sepa-
rately. Definite-time and inverse-time characteristic is offered.
The tripping characteristic can be rotated about + 180 degrees.

By means of voltage memory, directionality can be determined
reliably even for close-in (local) faults. If the switching device
closes onto a fault and the voltage is too low to determine direc-
tion, directionality (directional decision) is made with voltage
from the voltage memory. If no voltage exists in the memory,
tripping occurs according to the coordination schedule.

For ground protection, users can choose whether the direction

is to be determined via zero-sequence system or negative-
sequence system quantities (selectable).

Using negative-sequence variables can be advantageous in cases
where the zero voltage tends to be very low due to unfavorable
zero-sequence impedances.

Directional comparison protection (cross-coupling)

It is used for selective protection of sections fed from two
sources with instantaneous tripping, i.e. without the disadvan-
tage of time coordination. The directional comparison protection
is suitable if the distances between the protection stations are
not significant and pilot wires are available for signal transmis-
sion. In addition to the directional comparison protection, the
directional coordinated overcurrent protection is used for com-
plete selective backup protection. If operated in a closed-circuit
connection, an interruption of the transmission line is detected.

(Sensitive) directional ground-fault detection (ANSI 64,
67Ns/67N)

For isolated-neutral and compensated networks, the direction

of power flow in the zero sequence is calculated from the zero-
sequence current Iy and zero-sequence voltage Vo. For networks
with an isolated neutral, the reactive current component is
evaluated; for compensated networks, the active current compo-
nent or residual resistive current is evaluated.

For special network conditions, e.g. high-resistance grounded
networks with ohmic-capacitive ground-fault current or low-
resistance grounded networks with ohmic-inductive current, the
tripping characteristics can be rotated approximately

+ 45 degrees.

Two modes of ground-fault direction detection can be

implemented: tripping or “signalling only mode”.

It has the following functions:

 TRIP via the displacement voltage Vg.

e Two instantaneous elements or one instantaneous plus one
user-defined characteristic.

* Each element can be set in forward, reverse, or non-
directional.

e The function can also be operated in the insensitive mode, as
an additional short-circuit protection.

(Sensitive) ground-fault detection (ANSI 50Ns, 51Ns/50N, 51N)

For high-resistance grounded networks, a sensitive input
transformer is connected to a phase-balance neutral current
transformer (also called core-balance CT).
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Fig. 5/96 Directional characteristic of the directional overcurrent
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Fig. 5/97 Directional determination using cosine measurements for
compensated networks

The function can also be operated in the insensitive mode, as an
additional short-circuit protection.

Intermittent ground-fault protection

Intermittent (re-striking) faults occur due to insulation weak-
nesses in cables or as a result of water penetrating cable joints.
Such faults either simply cease at some stage or develop into
lasting short-circuits. During intermittent activity, however,
star-point resistors in networks that are impedance-grounded
may undergo thermal overloading. The normal ground-fault pro-
tection cannot reliably detect and interrupt the current pulses,
some of which can be very brief.

The selectivity required with intermittent ground faults is
achieved by summating the duration of the individual pulses and
by triggering when a (settable) summed time is reached. The
response threshold I ;> evaluates the r.m.s. value, referred to
one systems period.



Directional intermittent ground fault protection (ANSI 67Ns)

The directional intermittent ground fault protection has to detect
intermittent ground faults in resonant grounded cable systems
selectively. Intermittent ground faults in resonant grounded cable
systems are usually characterized by the following properties:

A very short high-current ground current pulse (up to several
hundred amperes) with a duration of under 1 ms

* They are self-extinguishing and re-ignite within one halfperiod
up to several periods, depending on the power system condi-
tions and the fault characteristic.

* Over longer periods (many seconds to minutes), they can
develop into static faults.

Such intermittent ground faults are frequently caused by weak
insulation, e.g. due to decreased water resistance of old cables.
Ground fault functions based on fundamental component
measured values are primarily designed to detect static ground
faults and do not always behave correctly in case of intermittent
ground faults. The function described here evaluates specifically
the ground current pulses and puts them into relation with the
zero-sequence voltage to determine the direction.

Phase-balance current protection (ANSI 46)
(Negative-sequence protection)

In line protection, the two-element phase-balance current/
negative-sequence protection permits detection on the high side
of high-resistance phase-to-phase faults and phase-to-ground
faults that are on the low side of a transformer (e.g. with the
switch group Dy 5). This provides backup protection for high-
resistance faults beyond the transformer.

Breaker failure protection (ANSI 50BF)

If a faulted portion of the electrical circuit is not disconnected
upon issuance of a trip command, another command can be
initiated using the breaker failure protection which operates

the circuit-breaker, e.g. of an upstream (higher-level) protection
relay. Breaker failure is detected if, after a trip command, current
is still flowing in the faulted circuit. As an option, it is possible to
make use of the circuit-breaker position indication.

Auto-reclosures (ANSI 79)

Multiple reclosures can be defined by the user and lockout will
occur if a fault is present after the last reclosure. The following
functions are possible:

* 3-pole ARC for all types of faults
e Separate settings for phase and ground faults

e Multiple ARC, one rapid auto-reclosure (RAR) and up to nine
delayed auto-reclosures (DAR)

e Starting of the ARC depends on the trip command selection
(e.g. 46, 50, 51, 67)

* Blocking option of the ARC via binary inputs
¢ ARC can be initiated externally or via CFC

e The directional and non-directional elements can either be
blocked or operated non-delayed depending on the auto-
reclosure cycle

* Dynamic setting change of the directional and non-directional
elements can be activated depending on the ready AR

e The AR CLOSE command can be given synchronous by use of
the synchronization function.

Protection functions

Measured- Parameter | gtandard protection logic |
Current value . (simplified diagram) B
2 processing
—#4#— I measured — _
Vmeasured —— Pickup
310,11,12 ——
3V0, V1, V2 —— Time TRIP
dv/(;it ' | command
Voltage Threshold
4 PQ —+—
—f— P (cos @) —— Function 1
f [ ‘ Function 2
dffdt ——— [ Function 20

LSA4113-aen.eps
Fig. 5/98 Flexible protection functions

Flexible protection functions

The 7SJ64 units enable the user to easily add on up to 20
protective functions. To this end, parameter definitions are used
to link a standard protection logic with any chosen characteristic
quantity (measured or derived quantity) (Fig. 5/98). The stan-
dard logic consists of the usual protection elements such as the
pickup message, the parameter-definable delay time, the TRIP
command, a blocking possibility, etc. The mode of operation
for current, voltage, power and power factor quantities can be
three-phase or single-phase. Almost all quantities can be oper-
ated as greater than or less than stages. All stages operate with
protection priority.

Protection stages/functions attainable on the basis of the avail-
able characteristic quantities:

Function ANSI No.

>, Ie> 50, 50N

V<, V>, Ve>, dVidt 27,59, 59R, 64
3Io>, I1>, >, Bil, 50N, 46,

3Vo>, Vi><, Vo< 59N, 47

P><, O>< 32

cos @ (p.f.)>< 55

f>< 810, 81U
dfldt>< 81R

For example, the following can be implemented:
* Reverse power protection (ANSI 32R)
* Rate-of-frequency-change protection (ANSI 81R)

Undervoltage-controlled reactive power protection (ANSI
271Q)

The undervoltage-controlled reactive power protection protects
the system for mains decoupling purposes. To prevent a voltage
collapse in energy systems, the generating side, e.g. a genera-
tor, must be equipped with voltage and frequency protection
devices. An undervoltage-controlled reactive power protection is
required at the supply system connection point. It detects critical
power system situations and ensures that the power generation
facility is disconnected from the mains. Furthermore, it ensures
that reconnection only takes place under stable power system
conditions. The associated criteria can be parameterized.
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Protection functions

Synchronization (ANSI 25)

* In case of switching ON the circuit-breaker, the units can
check whether the two subnetworks are synchronized (classic
synchro-check). Furthermore, the synchronizing function
may operate in the “Synchronous/asynchronous switching”
mode. The unit then distinguishes between synchronous and
asynchronous networks:

In synchronous networks, frequency differences between the
two subnetworks are almost non-existant. In this case, the
circuit-breaker operating time does not need to be considered.
Under asynchronous condition, however, this difference is
markedly larger and the time window for switching is shorter.
In this case, it is recommended to consider the operating time
of the circuit- breaker.

The command is automatically pre-dated by the duration of the
operating time of the circuit-breaker, thus ensuring that the
contacts of the CB close at exactly the right time.

Up to 4 sets of parameters for the synchronizing function can
be stored in the unit. This is an important feature when several
circuit-breakers with different operating times are to be oper-
ated by one single relay.

Thermal overload protection (ANSI 49)

For protecting cables and transformers, an overload protection
with an integrated pre-warning element for temperature and
current can be applied. The temperature is calculated using a
thermal homogeneous-body model (according to IEC 60255-8),
which takes account both of the energy entering the equipment
and the energy losses. The calculated temperature is constantly
adjusted accordingly. Thus, account is taken of the previous load
and the load fluctuations.

For thermal protection of motors (especially the stator), a
further time constant can be set so that the thermal ratios can
be detected correctly while the motor is rotating and when it is
stopped. The ambient temperature or the temperature of the
coolant can be detected serially via an external temperature
monitoring box (resistance-temperature detector box, also
called RTD- box). The thermal replica of the overload function
is automatically adapted to the ambient conditions. If there is
no RTD-box it is assumed that the ambient temperatures are
constant.

High-impedance restricted ground-fault protection (ANSI 87N)

The high-impedance measurement principle is an uncomplicated
and sensitive method for detecting ground faults, especially on
transformers. It can also be applied to motors, generators and
reactors when these are operated on an grounded network.

When the high-impedance measurement principle is applied,

all current transformers in the protected area are connected in
parallel and operated on one common resistor of relatively high
R whose voltage is measured (see Fig. 5/99). In the case of 7SJ6
units, the voltage is measured by detecting the current through
the (external) resistor R at the sensitive current measurement
input Igg.

The varistor V serves to limit the voltage in the event of an
internal fault. It cuts off the high momentary voltage spikes
occurring at transformer saturation. At the same time, this
results in smoothing of the voltage without any noteworthy
reduction of the average value. If no faults have occurred and
in the event of external faults, the system is at equilibrium, and
the voltage through the resistor is approximately zero. In the
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Fig. 5/99 High-impedance restricted ground-fault protection

event of internal faults, an imbalance occurs which leads to a
voltage and a current flow through the resistor R.

The current transformers must be of the same type and must
at least offer a separate core for the high-impedance restricted
ground-fault protection. They must in particular have the same
transformation ratio and an approximately identical knee-point
voltage. They should also demonstrate only minimal measuring
errors.

Settable dropout delay times

If the devices are used in parallel with electromechanical relays
in networks with intermittent faults, the long dropout times of
the electromechanical devices (several hundred milliseconds)
can lead to problems in terms of time grading. Clean time
grading is only possible if the dropout time is approximately the
same. This is why the parameter of dropout times can be defined
for certain functions such as time-overcurrent protection,
ground short-circuit and phase-balance current protection.

Motor protection
Restart inhibit (ANSI 66/86)

If a motor is started up too many times in succession, the rotor
can be subject to thermal overload, especially the upper edges
of the bars. The rotor temperature is calculated from the stator
current. The reclosing lockout only permits start-up of the motor
if the rotor has sufficient thermal reserves for a complete start-
up (see Fig. 5/100).

Emergency start-up

This function disables the reclosing lockout via a binary input
by storing the state of the thermal replica as long as the binary
input is active. It is also possible to reset the thermal replica to
zero.

Temperature monitoring (ANSI 38)

Up to two temperature monitoring boxes with a total of

12 measuring sensors can be used for temperature monitoring
and detection by the protection relay. The thermal status of
motors, generators and transformers can be monitored with
this device. Additionally, the temperature of the bearings of
rotating machines are monitored for limit value violation. The
temperatures are being measured with the help of temperature



detectors at various locations of the device

to be protected. This data is transmitted *
to the protection relay via one or two
temperature monitoring boxes (see “"Acces-
sories”, page 5/197).

Maximum permissible

Protection functions

rotor temperature ﬁ\
Starting time supervision (ANSI 48/14) Temperature characteristic of |
. . .. rotor rod top edge I
Starting time supervision protects the oyl boﬁton? edge |
motor against long unwanted start-ups : \ ‘
that might occur in the event of excessive *‘ ””””””””” [ e J‘ ””””””””””
load torque or excessive voltage drops | ‘ ,/‘ ‘ |
within the motor, or if the rotor is locked. [ : [ : !
Rotor temperature is calculated from v ~ : | : g
measured stator current. The tripping time / : [ : ! | g
is calculated according to the following ,/ [ Thermal : [ : [ 2
equation: - eple L L g
w
forI>1 \ \ \
MOTOR START 1. Start-up T 2. Start-up T 3. Start-up T i
I.\? Motor Recovery  ['\1otor Recovery [ \otor Recovery
t= TA - T, started e started e started tme
I = Actual current flowing

. Fig. 5/100
ImoTor sTarT = Pickup current to detect a 9

motor start
t = Tripping time
In = Rated motor starting current
Ta = Tripping time at rated motor starting current (2 times, for
warm and cold motor)

The characteristic (equation) can be adapted optimally to the
state of the motor by applying different tripping times Ta in
dependence of either cold or warm motor state. For differentia-
tion of the motor state the thermal model of the rotor is applied.

If the trip time is rated according to the above formula, even a
prolonged start-up and reduced voltage (and reduced start-up
current) will be evaluated correctly. The tripping time is inverse
(current dependent).

A binary signal is set by a speed sensor to detect a blocked rotor.
An instantaneous tripping is effected.

Load jam protection (ANSI 51M)

Sudden high loads can cause slowing down and blocking of the
motor and mechanical damages. The rise of current due to a load
jam is being monitored by this function (alarm and tripping).

The overload protection function is too slow and therefore not
suitable under these circumstances.

Phase-balance current protection (ANSI 46)
(Negative-sequence protection)

The negative-sequence / phase-balance current protection detects
a phase failure or load unbalance due to network asymmetry and
protects the rotor from impermissible temperature rise.

Undercurrent monitoring (ANSI 37)

With this function, a sudden drop in current, which can occur
due to a reduced motor load, is detected. This may be due to
shaft breakage, no-load operation of pumps or fan failure.

1) The 45 to 55, 55 to 65 Hz range is available for fy = 50/60 Hz.

Motor statistics

Essential information on start-up of the motor (duration, cur-
rent, voltage) and general information on number of starts, total
operating time, total down time, etc. are saved as statistics in
the device.

Voltage protection

Overvoltage protection (ANSI 59)

The two-element overvoltage protection detects unwanted
network and machine overvoltage conditions. The function can
operate either with phase-to-phase, phase-to-ground, positive
phase-sequence or negative phase-sequence voltage. Three-
phase and single-phase connections are possible.

Undervoltage protection (ANSI 27)

The two-element undervoltage protection provides protec-
tion against dangerous voltage drops (especially for electric
machines). Applications include the isolation of generators or
motors from the network to avoid undesired operating states
and a possible loss of stability. Proper operating conditions

of electrical machines are best evaluated with the positive-
sequence quantities. The protection function is active over a
wide frequency range (45 to 55, 55 to 65 Hz)"). Even when
falling below this frequency range the function continues to
work, however, with a greater tolerance band.

The function can operate either with phase-to-phase, phase-
to-ground or positive phase-sequence voltage, and can be
monitored with a current criterion.

Three-phase and single-phase connections are possible.

Frequency protection (ANSI 810/U)

Frequency protection can be used for over-frequency and under-
frequency protection. Electric machines and parts of the system
are protected from unwanted speed deviations. Unwanted
frequency changes in the network can be detected and the load
can be removed at a specified frequency setting. Frequency pro-
tection can be used over a wide frequency range (40 to 60, 50 to
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Protection functions, functions

70 Hz)"). There are four elements (selectable as overfrequency
or underfrequency) and each element can be delayed separately.
Blocking of the frequency protection can be performed if using a
binary input or by using an undervoltage element.

Fault locator (ANSI 21FL)

The integrated fault locator calculates the fault impedance and
the distance-to-fault. The results are displayed in Q, kilometers
(miles) and in percent of the line length.

Circuit-breaker wear monitoring

Methods for determining circuit-breaker contact wear or the
remaining service life of a circuit-breaker (CB) allow CB mainte-
nance intervals to be aligned to their actual degree of wear. The
benefit lies in reduced maintenance costs.

There is no mathematically exact method of calculating the
wear or the remaining service life of circuit-breakers that takes
into account the arc-chamber's physical conditions when the CB
opens. This is why various methods of determining CB wear have
evolved which reflect the different operator philosophies. To do
justice to these, the devices offer several methods:

o>
e > X, withx=1...3
e 3 It

The devices additionally offer a new method for determining the
remaining service life:

e Two-point method

The CB manufacturers double-logarithmic switching cycle
diagram (see Fig. 5/101) and the breaking current at the time

of contact opening serve as the basis for this method. After CB
opening, the two-point method calculates the number of still
possible switching cycles. To this end, the two points P1 and P2
only have to be set on the device. These are specified in the CB's
technical data. All of these methods are phase-selective and a
limit value can be set in order to obtain an alarm if the actual
value falls below or exceeds the limit value during determination
of the remaining service life.

Commissioning

Commissioning could hardly be easier and is fully supported by
DIGSI 4. The status of the binary inputs can be read individually
and the state of the binary outputs can be set individually. The
operation of switching elements (circuit-breakers, disconnect
devices) can be checked using the switching functions of the bay
controller. The analog measured values are represented as wide-
ranging operational measured values. To prevent transmission of
information to the control center during maintenance, the bay
controller communications can be disabled to prevent unneces-
sary data from being transmitted. During commissioning, all
indications with test marking for test purposes can be connected
to a control and protection system.

Test operation

During commissioning, all indications can be passed to an
automatic control system for test purposes.

1) The 40 to 60, 50 to 70 Hz range is available for fy = 50/60 Hz.
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Fig. 5/101 CB switching cycle diagram

Functions

Control and automatic functions

Control

In addition to the protection functions, the SIPROTEC 4 units also
support all control and monitoring functions that are required
for operating medium-voltage or high-voltage substations.

The main application is reliable control of switching and other
processes.

The status of primary equipment or auxiliary devices can be
obtained from auxiliary contacts and communicated to the
7SJ64 via binary inputs. Therefore it is possible to detect and
indicate both the OPEN and CLOSED position or a fault or
intermediate circuit-breaker or auxiliary contact position.

The switchgear or circuit-breaker can be controlled via:
— integrated operator panel

— binary inputs

— substation control and protection system

- DIGSI 4

Automation / user-defined logic

With integrated logic, the user can set, via a graphic interface
(CFQ), specific functions for the automation of switchgear or
substation. Functions are activated via function keys, binary
input or via communication interface.

Switching authority

Switching authority is determined according to parameters,
communication or by key-operated switch (when available).

If a source is set to “LOCAL", only local switching operations are
possible. The following sequence of switching authority is laid
down: “LOCAL"; DIGSI PC program, “REMOTE".

Key-operated switch

7SJ64 units are fitted with key-operated switch function for
locallremote changeover and changeover between interlocked
switching and test operation.



Command processing

All the functionality of command process-
ing is offered. This includes the processing
of single and double commands with or
without feedback, sophisticated monitor-
ing of the control hardware and software,
checking of the external process, control
actions using functions such as runtime
monitoring and automatic command
termination after output. Here are some
typical applications:

¢ Single and double commands using 1,
1 plus T common or 2 trip contacts

e User-definable bay interlocks

» Operating sequences combining several
switching operations such as control
of circuit-breakers, disconnectors and
grounding switches

* Triggering of switching operations,
indications or alarm by combination with
existing information

Motor control

The SIPROTEC 7SJ64 with high perfor-
mance relays is well-suited for direct
activation of the circuit-breaker, discon-
nector and grounding switch operating
mechanisms in automated substations.

Interlocking of the individual switching
devices takes place with the aid of
programmable logic. Additional auxiliary
relays can be eliminated. This results in
less wiring and engineering effort.

Assignment of feedback to command

The positions of the circuit-breaker or
switching devices and transformer taps
are acquired by feedback. These indica-
tion inputs are logically assigned to the
corresponding command outputs. The
unit can therefore distinguish whether
the indication change is a consequence
of switching operation or whether it is a
spontaneous change of state.

Chatter disable

Chatter disable feature evaluates whether,
in a configured period of time, the number
of status changes of indication input
exceeds a specified figure. If exceeded, the
indication input is blocked for a certain
period, so that the event list will not record
excessive operations.

Indication filtering and delay

Binary indications can be filtered or
delayed.

Filtering serves to suppress brief changes
in potential at the indication input. The

Functions

VDC+ * ®
[7s0642 | | ]
| f ‘ 8071
|BO1 BOZ | ‘
I [0} ' |
| |e |8 ] |
L |E_[© 3§ L
| — B e e e N | | — L L______ =
= IS o O o O <
5 : (v E
: AN 3
Q| 52T 529 s | E
8L - B R | 5
\ o - - — - |
\ ||z
BO3 (BI8) (BI1 BI2 BI3) (Bl4) (BI5) (BI6 5
i g
| B
N L L 7sJe42i | &
VDC_ =

Fig. 5/102 Typical wiring for 7SJ642 motor direct control (simplified representation without fuses).
Binary output BO6 and BO7 are interlocked so that only one set of contacts are closed

at a time.
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Fig. 5/103 Example: Single busbar with circuit-breaker and motor-controlled three-position switch
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Fig. 5/104 Example: Circuit-breaker interlocking
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Functions

indication is passed on only if the indication voltage is still pres-
ent after a set period of time.

In the event of indication delay, there is a wait for a preset time.
The information is passed on only if the indication voltage is still
present after this time.

Indication derivation

A further indication (or a command) can be derived from an
existing indication. Group indications can also be formed. The
volume of information to the system interface can thus be
reduced and restricted to the most important signals.

Measured values
The r.m.s. values are calculated from the acquired current and
voltage along with the power factor, frequency, active and reac-
tive power. The following functions are available for measured
value processing:
e Currents I\1, Ii2, I3, Ig, Igg (67Ns)
* Voltages Vi1, Vi2, Vi3, Vi, Viaws, Vistr, Veyn
e Symmetrical components Iy, I, 3Io; Vi, V2, Vo
* Power Watts, Vars, VAIP, Q, S (P, Q: total and phase selective)
e Power factor (cos @), (total and phase selective)
* Frequency
e Energy = kWh, = kVarh, forward and reverse power flow
e Mean as well as minimum and maximum current and voltage
values
 Operating hours counter
e Mean operating temperature of overload function
e Limit value monitoring
Limit values are monitored using programmable logic in the

CFC. Commands can be derived from this limit value indica-
tion.

e Zero suppression
In a certain range of very low measured values, the value is set
to zero to suppress interference.

Metered values

For internal metering, the unit can calculate an energy metered
value from the measured current and voltage values. If an
external meter with a metering pulse output is available, the
SIPROTEC 4 unit can obtain and process metering pulses via an
indication input.

The metered values can be displayed and passed on to a control
center as an accumulation with reset. A distinction is made
between forward, reverse, active and reactive energy.

Switchgear cubicles for high/medium voltage

All units are designed specifically to meet the requirements of
high/medium-voltage applications.

In general, no separate measuring instruments (e.g. for current,
voltage, frequency measuring transducer ...) or additional
control components are necessary.

LSP2078-afp.eps

Fig. 5/105 NX PLUS panel (gas-insulated)
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Communication

Communication

In terms of communication, the units offer substantial flexibility

in the context of connection to industrial and power automation
standards. Communication can be extended or added on thanks

to modules for retrofitting on which the common protocols run.
Therefore, also in the future it will be possible to optimally inte-
grate units into the changing communication infrastructure, for
example in Ethernet networks (which will also be used increasingly
in the power supply sector in the years to come).

Serial front interface

There is a serial RS232 interface on the front of all the units. All of
the unit’s functions can be set on a PC by means of the DIGSI 4
protection operation program. Commissioning tools and fault
analysis are also built into the program and are available through
this interface.

Rear-mounted interfaces"

A number of communication modules suitable for various applica-
tions can be fitted in the rear of the flush-mounting housing. In
the flush-mounting housing, the modules can be easily replaced
by the user.

The interface modules support the following applications:

* Time synchronization interface
All units feature a permanently integrated electrical time
synchronization interface. It can be used to feed timing
telegrams in IRIG-B or DCF77 format into the units via time
synchronization receivers.

System interface

Communication with a central control system takes place
through this interface. Radial or ring type station bus topolo-
gies can be configured depending on the chosen interface.
Furthermore, the units can exchange data through this
interface via Ethernet and IEC 61850 protocol and can also be
operated by DIGSI.

Service interface

The service interface was conceived for remote access to a
number of protection units via DIGSI. It can be an electrical
RS232/RS485 interface. For special applications, a maximum
of two temperature monitoring boxes (RTD-box) can be con-
nected to this interface as an alternative.

Additional interface
Up to 2 RTD-boxes can be connected via this interface.

System interface protocols (retrofittable)

IEC 61850 protocol

The Ethernet-based IEC 61850 protocol is the worldwide standard
for protection and control systems used by power supply corpora-
tions. Siemens was the first manufacturer to support this standard.
By means of this protocol, information can also be exchanged
directly between bay units so as to set up simple masterless
systems for bay and system interlocking. Access to the units via
the Ethernet bus is also possible with DIGSI. It is also possible to
retrieve operating and fault messages and fault recordings via

a browser. This Web monitor also provides a few items of unit-
specific information in browser windows.

1) For units in panel surface-mounting housings
please refer to note on page 5/193.

Substation controller
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Fig. 5/106 |EC 60870-5-103: Radial fiber-optic connection
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Fig. 5/107 Bus structure for station bus with Ethernet and
IEC 61850, fiber-optic ring

IEC 60870-5-103 protocol

The IEC 60870-5-103 protocol is an international standard for the
transmission of protective data and fault recordings. All messages
from the unit and also control commands can be transferred by
means of published, Siemens-specific extensions to the protocol.

Redundant solutions are also possible. Optionally it is possible to
read out and alter individual parameters (only possible with the
redundant module).

PROFIBUS DP protocol

PROFIBUS DP is the most widespread protocol in industrial automa-
tion. Via PROFIBUS DP, SIPROTEC units make their information
available to a SIMATIC controller or, in the control direction, receive
commands from a central SIMATIC. Measured values can also be
transferred.

Siemens SIP - Edition No. 8
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Communication

MODBUS RTU protocol

. . . . Operating and Telecontrol interface to Time
This uncomplicated, serial protocol is monitoring system control centers synchroni-

. . (e.g. IEC 60870-5-104) zation
mainly used in industry and by power DCF77, GPS
supply corporations, and is supported by a ”(
number of unit manufacturers. SIPROTEC
units function as MODBUS slaves, making
their information available to a master Substation
or receiving information from it. A time- St e I controller
stamped event list is available. O O O

RS485
PROFINET
RS 485/
PROFINET is the ethernet-based successor 2gg'sg'rter §
of PROFIBUS DP and is supported in the 2
variant PROFINET 10. The protocol which optical/ g
is used in industry together with the = — g — RS 232 3
SIMATIC systems control is realized on = b = %ﬂ Eﬂﬁﬂ GOSN
the optical and electrical Plus ethernet 5 o 8~ oO0en oo oo
piice” o . . ) EiE 08 B B L=
modules which are delivered since :
November 2012. All network redundancy 7SJ645 7SJ631 75J62 ) 7SJ61 Modem Modem _?||GS| 4 :
: . ' t
procedures which are available for the ! e

ethernet modules, such as RSTP, PRP or
HSR, are also available for PROFINET. The
time synchronization is made via SNTP.
The network monitoring is possible via
SNMP V2 where special MIB files exist

for PROFINET. The LLDP protocol of the
device also supports the monitoring of
the network topology. Single-point indica-
tions, double-point indications, measured
and metered values can be transmitted
cyclically in the monitoring direction

via the protocol and can be selected by
the user with DIGSI 4. Important events
are also transmitted spontaneously via
configurable process alarms. Switching
commands can be executed by the system
control via the device in the controlling
direction. The PROFINET implementation is
certified. The device also supports the IEC
61850 protocol as a server on the same
ethernet module in addition to the PRO-
FINET protocol. Client server connections
are possible for the intercommunication
between devices, e.g. for transmitting
fault records and GOOSE messages.

DNP 3.0 protocol

Power utilities use the serial DNP 3.0 (Distributed Network
Protocol) for the station and network control levels. SIPROTEC units
function as DNP slaves, supplying their information to a master
system or receiving information from it.

DNP3 TCP

The ethernet-based TCP variant of the DNP3 protocol is supported
with the electrical and optical ethernet module. Two DNP3 TCP
clients are supported. Redundant ring structures can be realized
for DNP3 TCP with the help of the integrated switch in the module.
For instance, a redundant optical ethernet ring can be constructed.
Single-point indications, double-point indications, measured and
metered values can be confi gured with DIGSI 4 and are transmit-
ted to the DNPi client. Switching commands can be executed in
the controlling direction. Fault records of the device are stored in

T 1 100
R m

DIGSI 4
(Local for commissioning)

Fig. 5/108 System solution/communication

LSP3.01-0021.tif

Fig. 5/109 Optical Ethernet communication module for IEC 61850
with integrated Ethernet-switch

the binary Comtrade format and can be retrieved via the DNP3 file
transfer. The time synchronization is performed via the DNP3 TCP
client or SNTP. The device can also be integrated into a network
monitoring system via the SNMP V2 protocol. Parallel to the DNP3
TCP protocol the IEC 61850 protocol (the device works as a server)
and the GOOSE messages of the IEC 61850 are available for the
intercommunication between devices.

System solutions for protection and station control

Together with the SICAM power automation system, SIPROTEC 4
can be used with PROFIBUS DP. Over the low-cost electrical RS485
bus, or interference-free via the optical double ring, the units
exchange information with the control system.

Units featuring IEC 60870-5-103 interfaces can be connected to
SICAM in parallel via the RS485 bus or radially by fiber-optic link.
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Typical connections

Through this interface, the system is open for the connection of
units of other manufacturers (see Fig. 5/106).

Because of the standardized interfaces, SIPROTEC units can also
be integrated into systems of other manufacturers or in SIMATIC.
Electrical RS485 or optical interfaces are available. The optimum
physical data transfer medium can be chosen thanks to opto-
electrical converters. Thus, the RS485 bus allows low-cost wiring
in the cubicles and an interference-free optical connection to the
master can be established.

Typical connections

¥ Connection of current and voltage transformers

Standard connection

For grounded networks, the ground current is obtained from the
phase currents by the residual current circuit.

L1

L2

L3

52

LSA2333-agpen.eps

Fig. 5/110 Residual current circuit without directional element

For IEC 61850, an interoperable system solution is offered with
SICAM PAS. Via the 100 Mbits/s Ethernet bus, the units are linked
with PAS electrically or optically to the station PC. The interface
is standardized, thus also enabling direct connection of units of
other manufacturers to the Ethernet bus. With IEC 61850, how-
ever, the units can also be used in other manufacturers’ systems
(see Fig. 5/107).
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Fig. 5/111 Sensitive ground current detection without directional element
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Fig. 5/112 Residual current circuit with directional element
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Typical connections

Connection for compensated networks

L1
The figure shows the connection of two L2 ?
phase-to-ground voltages and the Vg L3 5 b ¢
voltage of the open delta winding and a 52 .”_%J
phase-ground neutral current transformer E 7§ é R17 .
for the ground current. This connection | % e
maintains maximum precision for direc- 3 3 3 —
tional ground-fault detection and must be Ri5 3 Vs
used in compensated networks. :
Fig. 5/113 shows sensitive directional d | Q.
ground-fault detection. T 7] @2 3
Q3.
: o4 31,
¢ I 5 .
= 1 Q6 i[s
£ as §
- ,7EIEE g
Vo = 3
5 Fig. 5/113 Sensitive directional ground-fault detection with directional element for phases
. . L1
Connection for isolated-neutral L2
or compensated networks only L3 ]
If directional ground-fault protection is 52 | : e
not used, the connection can be made IjV
with only two phase current transformers. Ri6 - 2
Directional phase short-circuit protection R17 3310
can be achieved by using only two o al .
primary transformers. 82 3
3 .
Q4 iILZ ”
Q5 . 8
d a6 315 g
Q7. g
08 3Ip 8
Fig. 5/114 Isolated-neutral or compensated networks
L1
L2
L3
Connection for the synchronization 52 1|
. (any voltage)
function .|)_r
The 3-phase system is connected as refer- T 7SJ64
ence voltage, i. e. the outgoing voltages B . R16_ .
as well as a single-phase voltage, in this . 3V
case a busbar voltage, that has to be 3 Y
. L2
synchronized. | . . R18 [ .
R16 |3V, |8
L L
- - R13 . 5
R14_ 3V |8
4

Fig. 5/115 Measuring of the busbarvoltage and the outgoing feeder voltage
for synchronization
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Typical applications

Overview of connection types

Type of network

Function

Current connection

Voltage connection

(Low-resistance) grounded network

Overcurrent protection
phaselground non-directional

Residual circuit, with 3 phase-current
transformers required, phase-balance
neutral current transformer possible

(Low-resistance) grounded networks

Sensitive ground-fault protection

Phase-balance neutral current
transformers required

Isolated or compensated networks

Overcurrent protection phases
non-directional

Residual circuit, with 3 or 2 phase
current transformers possible

(Low-resistance) grounded networks

Overcurrent protection
phases directional

Residual circuit, with 3 phase-current
transformers possible

Phase-to-ground connection or
phase-to-phase connection

Isolated or compensated networks

Overcurrent protection
phases directional

Residual circuit, with 3 or 2 phase-
current transformers possible

Phase-to-ground connection or
phase-to-phase connection

(Low-resistance) grounded networks

Overcurrent protection
ground directional

Residual circuit, with 3 phase-current
transformers required, phase-balance
neutral current transformers possible

Phase-to-ground connection required

Isolated networks

Sensitive ground-fault
protection

Residual circuit, if ground current

> 0.05 Iy on secondary side, otherwise
phase-balance neutral current
transformers required

3 times phase-to-ground connection or
phase-to-ground connection with open
delta winding

Compensated networks

Typical applications

Application examples

Synchronization function

Sensitive ground-fault protection

COS @ measurement

Phase-balance neutral current
transformers required

Phase-to-ground connection with open
delta winding required

Busbar

J

52

V2
CLOSE command m

When two subnetworks must be intercon-

nected, the synchronization function

Transformer

monitors whether the subnetworks are
synchronous and can be connected without

risk of losing stability.

As shown in Fig. 5/116, load is being fed
from a generator to a busbar via a trans-
former. It is assumed that the frequency

Infeed T

difference of the 2 subnetworks is such

that the device determines asynchronous

system conditions.

Local/remote
control

S

V1

LSA2811.agpen.eps

1) Synchronization function

2) Auto-reclosure function

The voltages of the busbar and the feeder

should be the same when the contacts

are made; to ensure this condition the
synchronism function must run in the
“synchronous/asynchronous switching” mode. In this mode, the
operating time of the CB can be set within the relay.

Differences between angle and frequency can then be calculated
by the relay while taking into account the operating time of the

CB. From these differences, the unit derives the exact time for
issuing the CLOSE command under asynchronous conditions.
When the contacts close, the voltages will be in phase.

The vector group of the trans

are required.

This synchronism function ca

Fig. 5/116 Measuring of busbar and feeder voltages for synchronization

former can be considered by setting

parameters. Thus no external circuits for vector group adaptation

n be applied in conjunction with the

auto-reclosure function as well as with the control function CLOSE

commands (local/remote).
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Typical applications

m Connection of circuit-breaker
Undervoltage releases

Undervoltage releases are used for auto-
matic tripping of high-voltage motors.

Example:
DC supply voltage of control system fails
and manual electric tripping is no longer
possible.

Automatic tripping takes place when
voltage across the coil drops below the
trip limit. In Figure 5/172, tripping occurs
due to failure of DC supply voltage, by
automatic opening of the live status
contact upon failure of the protection unit
or by short-circuiting the trip coil in event
of a network fault.

In Fig. 5/118 tripping is by failure of auxil-
iary voltage and by interruption of tripping
circuit in the event of network failure. Upon
failure of the protection unit, the tripping
circuit is also interrupted, since contact
held by internal logic drops back into open
position.

Busbar

Voc+
Emergency OFF \ ------------------ i

Live status

Close T T T Trip
contact
2851 Y —— ANSI 50, 51
75J6

Close coil

Trip coll

Undervoltage

release
52a
R

LSA2339-bgpen.eps

Fig. 5/117 Undervoltage release with make contact 50, 51

Voc+
Emergency OFF \------------------ Inverter from
CFC-Logic

Close T o<} Trip
2851 1 \] ANSI 50, 51

7SJ6

Trip coll The trip contact closes
Close coil Undervoltage when no system
release disturbance exists

52a

VD c

LSA2340-bgpen.eps

52

(M)

*closes when the
protection device is
functioning properly

Busbar

52

(M)

Fig. 5/118 Undervoltage release with locking contact (trip signal 50 is inverted)
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Overcurrent Protection/7SJ64

Typical applications

Trip circuit supervision (ANSI 74TC)

One or two binary inputs can be used for
monitoring the circuit-breaker trip coil
including its incoming cables. An alarm
signal occurs whenever the circuit is
interrupted.

Lockout (ANSI 86)

All binary outputs can be stored like LEDs
and reset using the LED reset key. The
lockout state is also stored in the event of
supply voltage failure. Reclosure can only
occur after the lockout state is reset.

Reverse-power protection for
dual supply (ANSI 32R)

If power is fed to a busbar through two
parallel infeeds, then in the event of any
fault on one of the infeeds it should be
selectively interrupted. This ensures a
continued supply to the busbar through
the remaining infeed. For this purpose,
directional devices are needed which
detect a short-circuit current or a power
flow from the busbar in the direction of
the infeed. The directional overcurrent
protection is usually set via the load
current. It cannot be used to deactivate
low-current faults. Reverse-power protec-
tion can be set far below the rated power.
This ensures that it also detects power
feedback into the line in the event of low-
current faults with levels far below the
load current. Reverse-power protection

is performed via the “flexible protection
functions” of the 7SJ64.

Busbar

Voc+

511

Trip Close

2851

52a

Trip 5@
coil

52

52b

Close
coil

Protection indications

511* General trip

2851* CB close command

6852* Trip circuit supervi-
sion: Trip relay

6853* Trip circuit supervi-
sion: CB aux

52a open, when CB is open
52b open, when CB is closed
Bl Binary input

E TRIP | Breaker| BI1 | BI2
g contact
5‘ open |closed |H |L
< open |open H |H
Vo = closed |closed | L |L
= closed |open L H
Fig. 5/119 Trip circuit supervision with 2 binary inputs
Infeed A Infeed B
52 52
I3 I3
d &8 ) B
&
52 =
3
Busbar ~ ~ ]
—— ——
52 52
X X
! J
Feeder Feeder

Fig. 5/120 Reverse-power protection for dual supply
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Technical data

General unit data

Binary outputs/command outputs

Measuring circuits

System frequency

50/ 60 Hz (settable)

Current transformer

Rated current Inom
Option: sensitive ground-fault CT

Power consumption
atInom=1A
atIhom=5A
for sensitive ground-fault CT at 1 A

Overload capability
Thermal (effective)

Dynamic (impulse current)

Overload capability if equipped with
sensitive ground-fault CT
Thermal (effective)

Dynamic (impulse current)

1 or 5 A (settable)
IEE <1.6 A

Approx. 0.05 VA per phase
Approx. 0.3 VA per phase
Approx. 0.05 VA

500 A for1s

150 A for10's

20 A continuous

250 X Inom (half cycle)

300 Afor1s

100 A for10's

15 A continuous
750 A (half cycle)

Type 75J640 7SJ641 7SJ642 7SJ645 7S)647

Number (marshallable) 7 15 20 33 48

Voltage range DC 24 -250V

Pickup threshold

modifiable by plug-in

jumpers

Pickup threshold DC DC19V DC88YV

For rated control voltage

DC DC 24/48/60/110/ DC 110/125/220/250 V
125V

Power consumption
energized

0.9 mA (independent of operating voltage)
for BI 8...19/21...32;
1.8 mA for Bl 1...7 / 20/33...48

Binary outputs/command outputs

Voltage transformer

Rated voltage Viom
Measuring range
Power consumption at Viom = 100 V

Overload capability in voltage path
(phase-neutral voltage)
Thermal (effective)

100V to 225V
0Vto 200V
< 0.3 VA per phase

230 V continuous

Auxiliary voltage (via integrated converter)

Rated auxiliary voltage Vaux DC
Permissible tolerance DC

Ripple voltage,
peak-to-peak

Power consumption

Quiescent
Energized

Approx.
Approx.

Backup time during

loss/short-circuit of
auxiliary direct voltage

24/48V 60/125V  110/250V
19-58V 48-150V 88-300V
< 12 % of rated auxiliary voltage

75)640 7SJ641 7SJ645 7S)647

Type 75J640 7SJ641 7SJ642 7SJ645 7SJ647
Command/indication 5 13 8 11 21
relay

Contacts per command/ 1 NO /form A

indication relay
Live status contact 1 NO / NC (jumper) / form A/ B

Switching capacity
Make

Break

1000 W/ VA

30 W /VA 40 W resistive |
25 W at L/IR =50 ms
<DC250V

5 A continuous,

30 A for 0.5 s making current,
2000 switching cycles

Switching voltage
Permissible current

Power relay (for motor control)

75)642
5W 55W 65W 75W
9w 125W 15W 21 W

=50msatV>DC110V
>20msatV>DC24V

Rated auxiliary voltage V,ux AC
Permissible tolerance AC
Power consumption

Quiescent
Energized

Approx.
Approx.
Backup time during
loss/short-circuit of

auxiliary alternating voltage
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115V/230V
92-32V/184-265V
75J640 7SJ641 7SJ645 751647

751642
7W 9W 12W 16 W
72W 19w 23W 33 W
> 200 ms

Type 75J640 7SJ642 7S1645 751647
75J641
Number 0 2(4) 4(8) 4(8)
Number of contacts/relay 2 NO/form A
Switching capacity
Make 1000 W /VA
at48\V...250V /500 W at 24 V
Break 1000 W /VA
at48\V...250V /500 W at 24 V
Switching voltage <DC250V
Permissible current 5 A continuous,
30Afor0.5s



Electrical tests

Specification

Standards IEC 60255
ANSI| C37.90, C37.90.1, C37.90.2,

UL508

Insulation tests

Standards

Voltage test (100 % test)
all circuits except for auxiliary
voltage and RS485/RS232 and
time synchronization

IEC 60255-5; ANSI/IEEE C37.90.0
2.5kV (r.m.s. value), 50/60 Hz

DC3.5kV
AC 500V

Auxiliary voltage

Communication ports
and time synchronization

Impulse voltage test (type test) 5 kV (peak value); 1.2/50 ps; 0.5 J
all circuits, except communication 3 positive and 3 negative impulses
ports and time synchronization,  atintervalsof 5s

class Il

Technical data

35 VIm; 25 to 1000 MHz;
amplitude and pulse-modulated

Radiated electromagnetic
interference
ANSI/IEEE C37.90.2

Damped wave
IEC 60694 | IEC 61000-4-12

2.5 kV (peak value, polarity
alternating)

100 kHz, 1 MHz, 10 and 50 MHz,
Ri =200 Q

EMC tests for interference emission; type tests

Standard EN 50081-* (generic specification)
Conducted interferences 150 kHz to 30 MHz

only auxiliary voltage IEC/CISPR 22 Limit class B

Radio interference field strength 30 to 1000 MHz

IECICISPR 11 Limit class B

Units with a detached operator
panel must be installed in a metal
cubicle to maintain limit class B

Mechanical stress tests

EMC tests for interference immunity; type tests

Vibration, shock stress and seismic vibration

Standards IEC 60255-6; IEC 60255-22
(product standard)
EN 50082-2 (generic specification)
DIN 57435 Part 303

2.5 kV (peak value); 1 MHz; T=15 ms;
400 surges per s; test duration 2 s

High-frequency test
IEC 60255-22-1, class Il
and VDE 0435 Part 303, class Il

Electrostatic discharge 8 kV contact discharge;
IEC 60255-22-2 class IV 15 kV air gap discharge;

and EN 61000-4-2, class IV both polarities; 150 pF; Ri =330 Q

Irradiation with radio-frequency 10 VIm; 27 to 500 MHz
field, non-modulated
IEC 60255-22-3 (Report) class Il

Irradiation with radio-frequency 10 V/m, 80 to 1000 MHz;
field, amplitude-modulated AM 80 %; 1 kHz
IEC 61000-4-3; class IlI

Irradiation with radio-frequency 10 VIm, 900 MHz; repetition
field, pulse-modulated rate 200 Hz, on duration 50 %
IEC 61000-4-3/ENV 50204; class IlI

Fast transient interferencel/burst 4 kV; 5/50 ns; 5 kHz;

IEC 60255-22-4 and IEC 61000-4- burst length = 15 ms;

4, class IV repetition rate 300 ms; both polarities;
Ri =50 Q; test duration 1 min

High-energy surge voltages
(Surge)

IEC 61000-4-5; class IlI
Auxiliary voltage From circuit to circuit: 2 kV; 12 Q; 9 pF

across contacts: 1 kV; 2 Q ;18 pyF

From circuit to circuit: 2 kV; 42 Q; 0.5 pF
across contacts: 1 kV; 42 Q; 0.5 pF

10 V; 150 kHz to 80 MHz;
AM 80 %; 1 kHz

Binary inputs/outputs

Line-conducted HF,
amplitude-modulated
IEC 61000-4-6, class IlI

Power frequency magnetic field
IEC 61000-4-8, class IV

30 A/m; 50 Hz, continuous
300 A/m; 50 Hz, 3 s

IEC 60255-6 0.5 mT, 50 Hz
Oscillatory surge withstand 2.5 to 3 kV (peak value), 1 to 1.5 MHz
capability damped wave; 50 surges pers;

ANSI/IEEE C37.90.1

Fast transient surge withstand
capability ANSI/IEEE C37.90.1

duration 2's, Rj= 150 to 200 Q

4 to 5 kV; 10/150 ns; 50 surges per s
both polarities; duration 2 s, R; =80 Q

During operation
Standards
Vibration

IEC 60255-21-1, class 2
IEC 60068-2-6

Shock
IEC 60255-21-2, class 1
IEC 60068-2-27

Seismic vibration
IEC 60255-21-3, class 1
IEC 60068-3-3

During transportation
Standards

Vibration
IEC 60255-21-1, class 2
IEC 60068-2-6

Shock
IEC 60255-21-2, Class 1
IEC 60068-2-27

Continuous shock
IEC 60255-21-2, class 1
IEC 60068-2-29

IEC 60255-21 and IEC 60068-2

Sinusoidal

10 to 60 Hz; = 0.075 mm amplitude;
60 to 150 Hz; 1 g acceleration
frequency sweep 1 octave/min

20 cycles in 3 perpendicular axes

Semi-sinusoidal
Acceleration 5 g, duration 11 ms;
3 shocks in both directions of 3 axes

Sinusoidal

1 to 8 Hz: = 3.5 mm amplitude
(horizontal axis)

1to 8 Hz: = 1.5 mm amplitude
(vertical axis)

8 to 35 Hz: 1 g acceleration
(horizontal axis)

8 to 35 Hz: 0.5 g acceleration
(vertical axis)

Frequency sweep 1 octave/min
1 cycle in 3 perpendicular axes

IEC 60255-21 and IEC 60068-2

Sinusoidal

5to 8 Hz: = 7.5 mm amplitude;
8 to 150 Hz; 2 g acceleration,
frequency sweep 1 octave/min
20 cycles in 3 perpendicular axes

Semi-sinusoidal
Acceleration 15 g, duration 11 ms
3 shocks in both directions of 3 axes

Semi-sinusoidal

Acceleration 10 g, duration 16 ms
1000 shocks in both directions

of 3 axes
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Overcurrent Protection/7SJ64

Technical data

Climatic stress tests

Temperatures

Type-tested acc. to IEC 60068-2-1 -25°C to +85 °C/-13 °F to +185 °F

and -2, test Bd, for 16 h

Temporarily permissible operating -20 °C to +70 °C /-4 °F to +158 °F

temperature, tested for 96 h

Recommended permanent

operating temperature acc. to

IEC 60255-6

(Legibility of display may be

impaired above +55 °C /+131 °F)

— Limiting temperature during
permanent storage

— Limiting temperature during
transport

-5°Cto +55°C/+25°F to +131 °F

-25°Cto +55°C/-13 °F to +131 °F

-25°Cto +70°C/-13 °F to +158 °F

Humidity

Permissible humidity

It is recommended to arrange the

units in such a way that they are
not exposed to direct sunlight or

pronounced temperature changes

that could cause condensation.

Annual average 75 % relative humi-
dity; on 56 days a year up to 95 %
relative humidity; condensation not
permissible!

Unit design

Type 75J640 75J641 75J645
751642 751647

Housing 7XP20

Dimensions See dimension drawings, part 14 of
this catalog

Weight in kg Housing Housing Housing
width 5 width 2 width

Surface-mounting housing 8 11 15

Flush-mounting housing 5 6 10

Housing for detached operator

operator panel - 8 12

Detached operator panel — 2.5 2.5

Degree of protection

acc. to EN 60529

Surface-mounting housing IP 51

Flush-mounting housing
Operator safety

Front: IP 51, rear: IP 20;
IP 2x with cover

Futher information can be found in the current manual at:

www.siemens.com/siprotec

Siemens SIP - Edition No. 8



Selection and ordering data

Description

Order No.

75J64 multifunction protection relay with synchronization

Housing, binary inputs and outputs

Housing 5 19", 7 BI, 5 BO, 1 live status contact, text display 4 x 20 character (only for 7SJ640)
9th position only with: B, D, E

753640 - 00000-0000)

Housing 2 19", 15 BI, 13 BO (1 NO/NC or 1a/b contact), 1 live status contact, graphic display

Housing > 19", 20 BI, 8 BO, 2 power relays (4 contacts), 1 live status contact, graphic display

Housing 1 19”, 33 BI, 11 BO, 4 power relays (8 contacts), 1 live status contact, graphic display

Housing ' 19", 48 BI, 21 BO, 4 power relays (8 contacts), 1 live status contact, graphic display

N o (N [= |O

Measuring inputs (4 x V, 4 x I)

In=1 AD, I=1 A" (min. = 0.05 A)
Position 15 only with A, C, E, G

Ioh =1 AY, I = sensitive (min. = 0.001 A)
Position 15 only with B, D, F, H

Ioh=5A", Ie=5A" (min. = 0.25 A)
Position 15 only with A, C, E, G

Ioh =5 A", I = sensitive (min. = 0.001 A)
Position 15 only with B, D, F, H

Ioh=5AY, I.=1AD (min. = 0.05 A)
Position 15 only with A, C, E,G

Rated auxiliary voltage (power supply, binary inputs)
DC 24 to 48 V, threshold binary input DC 19 V 3)

DC 60 to 125 V 2), threshold binary input DC19 V 3)

DC 110 to 250 V 2), AC 115 to 230V, threshold binary input DC 88 V 3)

Unit version

Surface-mounting housing, plug-in terminals, detached operator panel,
panel mounting in low-voltage housing

See next page

Surface-mounting housing, 2-tier terminals on top/bottom

Surface-mounting housing, screw-type terminals (direct connection/ring-type cable lugs),
detached operator panel, panel mounting in low-voltage housing

Flush-mounting housing, plug-in terminals (2/3 pin connector)

Flush-mounting housing, screw-type terminals (direct connection/ring-type cable lugs)

Surface-mounting housing, screw-type terminals (direct connection/ring-type cable lugs),
without operator panel, panel mounting in low-voltage housingg

Surface-mounting housing, plug-in terminals, without operator panel,
panel mounting in low-voltage housing

Region-specific default settings/function versions and language settings
Region DE, 50 Hz, IEC, language: German (language selectable)

Region World, 50/60 Hz, IEC/ANSI, language: English (GB) (language selectable)

Region US, 60 Hz, ANSI, language: English (US) (language selectable)

Region FR, 50/60 Hz, IEC/ANSI, language: French (language selectable)

Region World, 50/60 Hz, IEC/ANSI, language: Spanish (language selectable)

Region IT, 50/60 Hz, IEC/ANSI, language: Italian (language selectable)

Region RU, 50/60 Hz, IEC/ANSI, language: Russian(language can be changed)

QMmoo N (@ >

1) Rated current can be selected by means of jumpers.

2) Transition between the two auxiliary voltage ranges can be selected
by means of jumpers.

3) The binary input thresholds can be selected per binary input by
means of jumpers.
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Selection and ordering data

Description Order No. Order code

75J64 multifunction protection relay with synchronization 7sJ64L] 01-DIOLICIC-CICICIC]-CICICIL

r A &

System interface (on rear of unit, Port B)
No system interface 0

IEC 60870-5-103 protocol, RS232 1 See
following

pages

IEC 60870-5-103 protocol, RS485

IEC 60870-5-103 protocol, 820 nm fiber, ST connector

PROFIBUS DP Slave, RS485

PROFIBUS DP Slave, 820 nm wavelength, double ring, ST connector )
MODBUS, RS485

MODBUS, 820 nm wavelength, ST connector 2)

O |mw [>»

m

DNP 3.0, RS485

DNP 3.0, 820 nm wavelength, ST connector 2)

IEC 60870-5-103 protocol, redundant, RS485, RJ45 connector 2)
IEC 61850, 100 Mbit Ethernet, electrical, double, RJ45 connector (EN 100)
IEC 61850, 100 Mbit Ethernet, optical, double, LC connector (EN 100) 2)

o

=

-
o |© | |[©o |[©o [ |[o |0 |o
Iz &

w

DNP3 TCP + IEC 61850, 100Mbit Eth, electrical, double, RJ45 connector 4
DNP3 TCP + IEC 61850, 100Mbit Eth, optical, double, LC connector 4
PROFINET + IEC 61850, 100Mbit Eth, electrical, double, RJ45 connector ¥

N [N

-
w
w ([ (» | X

W| V| V| V| VW |V |V |V |V VW |V | Vv | v W N
—

PROFINET + IEC 61850, 100Mbit Eth, optical, double, LC connector %)

Only Port C (service interface)
DIGSI 4/modem, electrical RS232 1

DIGSI 4/modem/RTD-box3), electrical RS485 2

Port Cand D (service and additional interface) 9 ML

Port C (service interface)
DIGSI 4/modem, electrical RS232 1

DIGSI 4/modem/RTD-box3), electrical RS485 2

PortD(additional interface)
RTD-box3), 820 nm fiber, ST connector > A

RTD-box3), electrical RS485 F

Measuring/fault recording
Fault recording 1

Slave pointer,mean values, min/max values, fault recording 3

1) Not with position 9 = “B”; if 9 = “B”, please order 7SJ6 unit with 2) Not available with position 9 = “B".
RS485 port and separate fiber-optic converters. 3) Temperature monitoring box 7XV5662-[]AD10,
For single ring, please order converter 6GK1502-2CB10, not availab- refer to “Accessories”.
le with position 9 = "B". 4) Available with V4.9
Pordonbleiningpleaseford = riconventeneGIIS02SCRI0 0L 5) When using the temperature monitoring box at an optical interface,

available with position 9 = "". the additional RS485 fiber-optic converter 7XV5650-0CJAQO is
The converter requires a AC 24 V power supply (e.g. power supply required

7XV5810-0BAQ0).
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Selection and ordering data

Description Order No. Order code
75J64 multifunction protection relay with synchronization 7sJ64 1 L-LIIOI0I0-CICICIC1-0001010
Designation ANSI No.  Description
Basic version Control
50/51 Overcurrent protection I>, I>>, I>>>, I,,
50N/51N Ground-fault protection Ig>, Ie>>, Ig>>>, Igp
50N/51N  Insensitive ground-fault protection through
IEE function: Igg>, Ieg>>, IEEpU
50/50N Flexible protection functions (index quantities
derived from current): Additional time-overcurrent
protection stages I;>, [>>>>, [g>>>>
51V Voltage-dependent inverse-time overcurrent protection
49 Overload protection (with 2 time constants)
46 Phase balance current protection
(negative-sequence protection)
37 Undercurrent monitoring
47 Phase sequence
59N/64 Displacement voltage
50BF Breaker failure protection
74TC Trip circuit supervision
4 setting groups, cold-load pickup, Inrush blocking
86 Lockout ElA
V, P, f 27159 Under-/overvoltage
810/U Under-/overfrequency
271Q Undervoltage-controlled reactive power protection 3)
27147159(N) Flexible protection (index quantities derived from
32/55/81R current and voltages): Voltage, power, p.f.,
rate-of-frequency-change protection FlE
IEF V, P, f 2759 Under-/overvoltage
810/U Under-loverfrequency
271Q Undervoltage-controlled reactive power protection 3)
27147159(N) Flexible protection (index quantities derived from
32/55/81R currentandvoltages):Voltage, power, p.f.,rate-of-frequency-
change protection Intermittent ground fault P|E
Dir 67/67N Direction determination for overcurrent,
phases and ground FIC
Dir V,P, f 67/67N Direction determination for overcurrent, phases and ground
27159 Under-/overvoltage
810/U Under-/overfrequency
271Q Undervoltage-controlled reactive power protection 3)
27147159(N) Flexible protection (index quantities derived from
32/55/81R current and voltages): Voltage, power, p.f.,
rate-of-frequency-change protection F|G
Dir V,P,f IEF 67/67N Direction determination for overcurrent, phases and ground
Intermittent ground fault protection
27159 Under-/overvoltage
81U/0 Under-/overfrequency
271Q Undervoltage-controlled reactive power protection 3)
27147159(N) Flexible protection functions (quantities derived from
current & voltages)
32/55/81R Voltage-Ipower-/p.f.-Irate of freq. change-protection
Intermittent ground-fault PG
Dir IEF 67/67N Direction determination for overcurrent, phases and ground
Intermittent ground fault P|C
Sens.ground-f.det. Motor 67/67N Direction determination for overcurrent, phases and ground
Dir V,Pf REF 67Ns Directional sensitive ground-fault detection
67Ns Directional intermittent ground fault protection 3)
87N High-impedance restricted ground fault ElDP

Basic version included
V, P, f =Voltage, power, frequency protection

Dir
IEF

7=1,5,7.

= Directional overcurrent protection

Continued on
next page

1) Only with insensitive ground-current transformer when position

2) For isolated/compensated networks only with sensitive

ground-current transformer when position 7 = 2, 6.

= Intermittent ground fault . .
3) available with V4.9
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Selection and ordering data

Description

Order No.

Order code

75J64 multifunction protection relay with synchronization

Designation ANSI No.
Basic version

Description
Control

7sJ64 1 L-LIOIOI0IO-CICICIC1-0I010I0

X 2

50/51 Overcurrent protection I>, I>>, I>>>, I,,

50N/51N Ground-fault protection Ig>, Ie>>, Ig>>>, Igp

50N/51N  Insensitive ground-fault protection via
IEE function: Igg>, Ieg>>, IEEpU

50/50N Flexible protection functions (index quantities
derived from current): Additional time-overcurrent
protection stages I;>, [>>>>, [g>>>>

51V Voltage-dependent inverse-time overcurrent protection

49 Overload protection (with 2 time constants)

46 Phase balance current protection
(negative-sequence protection)

37 Undercurrent monitoring

47 Phase sequence

59N/64 Displacement volt

50BF Breaker failure protection

74TC Trip circuit supervision
4 setting groups, cold-load pickup
Inrush blocking

86 Lockout

Sens.ground-f.det. Motor 67Ns Directional sensitive ground-fault detection
Dir V,Pf REF 67Ns Directional intermittent ground fault protection 3)

87N High-impedance restricted ground fault

27159 Under-/overvoltage

810/U Under-/overfrequency

271Q Undervoltage-controlled reactive power protection 3)

27147159(N) Flexible protection (index quantities derived from

32/55/81R

current and voltages): Voltage, power, p.f.,
rate-of-frequency-change protection

Sens.ground-f.det. Motor IEF 67/67N
Dir V,Pf REF 67Ns
67Ns

87N

Directional sensitive ground-fault detection, phases and ground
Directional sensitive ground-fault detection

Directional intermittent ground fault protection 3)
High-impedance restricted ground fault

Intermittent ground fault

Sens.ground-f.det. Motor  67Ns
Dir V,Pf REF 67Ns
87N

Directional sensitive ground-fault detection
Directional intermittent ground fault protection 3)

High-impedance restricted ground fault

Sens.ground-f.det. Motor  67Ns
Dir V,Pf REF 67Ns
87N
48114
66/86
51M
27159
810/U
271Q

Directional sensitive ground-fault detection
Directional intermittent ground fault protection 3)
High-impedance restricted ground fault

Starting time supervision, locked rotor

Restart inhibit

Load jam protection, motor statistics
Under-/overvoltage

Under-/overfrequency

Undervoltage-controlled reactive power protection 3)

27147159(N) Flexible protection (index quantities derived from

32/55/81R

current and voltages): Voltage, power, p.f.,
rate-of-frequency-change protection

Sens.ground-f.det. Motor  67/67N

Dir V,Pf REF 67Ns
67Ns
87N
48/14
66/86
51M
27159
810/U
271Q

Direction determination for overcurrent, phases and ground
Directional sensitive ground-fault detection

Directional intermittent ground fault protection 3)
High-impedance restricted ground fault

Starting time supervision, locked rotor

Restart inhibit

Load jam protection, motor statistics

Under-/overvoltage

Under-/overfrequency

Undervoltage-controlled reactive power protection 3)

27147159(N) Flexible protection (index quantities derived from

32/55/81R

current and voltages): Voltage, power, p.f.,
rate-of-frequency-change protection

H|H[®

Basic version included

1) Only with insensitive ground-current transformer when position 7 =1, 5, 7.

V, P, f =\Voltage, power, frequency protection 2) For isolated/compensated networks only with sensitive ground-current

Dir = Directional overcurrent protection

IEF = Intermittent ground fault
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Selection and ordering data

Description Order No. Order code
75J64 multifunction protection relay with synchronization 7SJ64[] D-DDDDD-DQQ‘D-QQQQ
Designation ANSI No.  Description
Basic version Control

50/51 Overcurrent protection I>, I>>, [>>>, Ip

50N/51N  Ground-fault protection Ig>, Ie>>, Ig>>>, Igp

50N/51N  Insensitive ground-fault protection via
IEE function: Igg>, Igg>>, IEEp”

50/50N Flexible protection functions (index quantities
derived from current): Additional time-overcurrent
protection stages I;>, [>>>>, [g>>>>

51V Voltage-dependent inverse-time overcurrent protection
49 Overload protection (with 2 time constants)
46 Phase balance current protection
(negative-sequence protection)
37 Undercurrent monitoring
47 Phase sequence
59N/64 Displacement voltage
50BF Breaker failure protection
74TC Trip circuit supervision

4 setting groups, cold-load pickup
Inrush blocking

86 Lockout
Sens.ground-f.det. Motor  67/67N Direction determination for overcurrent, phases and ground
Dir V,P,f REF 67Ns Directional sensitive ground-fault detection

67Ns Directional intermittent ground fault protection 3)

87N High-impedance restricted ground fault

Intermittent ground fault

48/14 Starting time supervision, locked rotor

66/86 Restart inhibit

51M Load jam protection, motor statistics

27159 Undervoltage/overvoltage

810/U Underfrequency/overfrequency

271Q Undervoltage-controlled reactive power protection 3)

27147159(N) Flexible protection (index quantities derived from
32/55/81R current and voltages): Voltage, power, p.f.,

rate-of-frequency-change protection R|H|?

Motor V,P, f 67/67N Direction determination for overcurrent,
Dir phases and ground

48114 Starting time supervision, locked rotor

66/86 Restart inhibit

51M Load jam protection, motor statistics

27159 Under-/overvoltage

810/U Under-/overfrequency

271Q Undervoltage-controlled reactive power protection 3)

27147159(N) Flexible protection (index quantities derived from
32/55/81R current and voltages): Voltage, power, p.f.,

rate-of-frequency-change protection HlG
Motor 48114 Starting time supervision, locked rotor
66/86 Restart inhibit
51M Load jam protection, motor statistics HIA
ARC, fault locator, synchronization

Without 0
79 With auto-reclosure 1
21FL With fault locator 2
79, 21FL  With auto-reclosure, with fault locator 3
25 With synchronization 4
25, 79,21FL With synchronization, auto-reclosure, fault locator 7

ATEX100 Certification

For protection of explosion-protected motors (increased-safety type of protection “e”) zIx|9loP
Basic version included 1) Only with insensitive ground-current transformer when position 7 =1, 5, 7.

V, P, f =Voltage, power, frequency protection 2) This variantmight be supplied with a previous firmware version.

Dir = Directional overcurrent protection 3) available with V4.9
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Overcurrent Protection/7SJ64

Selection and ordering data

Temperature monitoring box
ACIDC 24 to 60 V 7XV5662-2AD10
AC/DC 90 to 240 V 7XV5662-5AD10

Varistor/VoltageArrester

Voltage arrester for high-impedance REF protection
125 Vrms; 600 A; 1S/S 256 C53207-A401-D76-1

240 Vrms; 600 A; 1S/S 1088 C53207-A401-D77-1

Connecting cable

Cable between PC/notebook (9-pin con.) and protection unit
(9-pin connector) (contained in DIGSI 4, but can be ordered
additionally) 7XV5100-4

Cable between temperature monitoring box and
SIPROTEC 4 unit

- length 5 m/16.4 ft 7XV5103-7AA05
- length 25 m/82 ft 7XV5103-7AA25
5 - length 50 m/ 164 ft 7XV5103-7AA50

Manual for 7SJ64
English /German C53000-G1100-C147-x V

1) x = please inquire for latest edition (exact Order No.).

Terminal safety cover

b = ;;\ﬁ i Voltage/current terminal 18-pole/12-pole C73334-A1-C31-1 1 Siemens
[y e '“]g Voltage/current terminal 12-pole/8-pole C73334-A1-C32-1 1 Siemens
] ] N Connector 2-pin C73334-A1-C35-1 1 Siemens
Oy ()] = Connector 3-pin €73334-A1-C36-1 1 Siemens
Crimp connector CI2 0.5 to 1T mm? 0-827039-1 4000 n
taped on reel
=3 g Crimp connector Cl2 0.5 to 1 mm? 0-827396-1 1 n
“? “3 Crimp connector: Type lll+ 0.75 to 1.5 mm2 0-163084-2 1 n
% % Crimp connector: Type Ill+ 0.75 to 1.5 mm?2 0-163083-7 4000 1
4 & taped on reel
2-pin connector 3-pin connector Crimping tool for Type Ill+ 0-539635-1 1 )
and matching female 0-539668-2 1 0
Crimping tool for CI2 0-734372-1 1 n
) ) and matching female 1-734387-1 1 n
% % Short-circuit links
g 5 for current terminals C73334-A1-C33-1 L Siemens
e . for other terminals C73334-A1-C34-1 L Siemens
Short-circuit links Short-circuit links Mounting rail for 19" rack C73165-A63-D200-1 1 Siemens

for current terminals  for current terminals

1) Your local Siemens representative can inform you on local suppliers.
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Overcurrent Protection/7SJ64

Connection diagram

Housing for panel surface mounting
T T T T T T T T T T T T T T T T T T T e 7SJB40XX B XXX-XXXX
Housing for flush mounting

NN T T T T T T T T T T e 7SJ640x-x D Xxx=xxxx
I 75J640 BO1 7 E
1092 | ‘

(29 BO3 |
lE i R4 57
@ BO4
CzZ] [y
(2] BOS
2 | (R 20
[45 ] |
44
% Live status 12 ! 3} 37
contact {3 2 | |_"W‘ -
59 ‘ L4 T
- ==
[25] R14H Power ) ! !
37 F5 - BI1 supply = —
% F6 H BI2 | ‘
35 [+ BI3 Additional Loy ool
34 Fg | ‘ Bl4 interface [ 1o ‘ 5
e |
Fo ‘
33 LE9 | i BI5 Service ‘ c *)
52 F10 | interface i ‘
Bl6 | ‘
39 R10 ‘ O ‘
[53] | System | [O]o| B *)
(s3] ,_|R1 ! n Bl interface "o ‘
38 R12 ‘ I
! Time I A ‘ *)
Front synchronization ‘ i
ort
| P ‘

|
! E(a)[itgina; wall 6

LSA2818-cgpen.eps

*) For pinout of communication ports see part 14 of this catalog.
For the allocation of the terminals of the panel surface-mounting version
refer to the manual (http://lwww.siemens.com/siprotec).

Fig. 5/121 7SJ640 connection diagram
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Overcurrent Protection/7SJ64

Connection diagram

Housing for panel surface mounting

T T - 7SJB4Tx-x B XXX-XXXX
| Housing for surface mounting/flush mounting A )
. 1 7SJBATX-X A XXX-XXXX
(25 ‘ I 75J641 BO1 C
50 Q2 BO2 E
[24] : 1,
! BO3 ‘ (73] F
49 Q4 | TRa | g G
23 . =
(5] ; his S04 [~~~} —fo7]
[48] {asl i = =
[22 ] . =
! Slo. I BO5 |— ~——(R7 }——
47 | [Rs 71
Vi = | =
LK 90
09 ] Ve, L2 3
[44] ; Vs Bos 3 2 ‘ Ka 65
|
e T, BO7
E Riat i ¢ BO8
il BO9
58 F5 BI1 LG | 39
57 F6 | BI2
LF6 I BO10|—
56 F7 ‘ BI3 K10 62
5 51— (Fs 1 Bi4 BOT1 |—
Nz
54 [FoH BIS LK12] £l
a3 Fro BO1Z|— .
— L Tk1al
[Ra+—1 "} Bl6 LK14 60
=5 R0l BO13 — K15
1810) L K16 59
LT BI7 =
69 R12 — 5 i
—1_ B8 Live status I 73] 51
18 K18} i contact {3 2 ‘ rea}
‘ L B9 . ‘
5} ower
17 1LJ2 7] . supply _
77 3 ‘ 10 ‘
— BI11 ‘
40 74
e BI12 Additional [o]) o | ™
14 LJ6 1 interface o w
39 J5 - ; ‘
1+ B3 Service | c
— interface } ‘
13 J8 | ‘
—{_ 1 Bl oPls |
12 @} System } oljo|B | )
interface le)
1 Bits ‘ |
11 J12 H T ‘ |
oz me Al
‘ ‘ synchronization ‘ ‘
| | (=] 26 ]
‘ ‘ Earth at e ‘ 1 (Earthing
| i housing wall ! ‘ il
| Lo B
‘ ‘ Front Operator Earth at 'S
i ‘ port panel rear of housing ‘ g

*) For pinout of communication ports see part 14 of this catalog.
For the allocation of the terminals of the panel surface-mounting version
refer to the manual (http://www.siemens.com/siprotec).

Fig. 5/122 7SJ641 connection diagram
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Connection diagram

Housmg for panel surface mounting

I
o
c
58
S
Q
n
o
=
w
c
5
=1
Q
o
®
3
I}
C
=)
=
S
Q
=
c
@
0
3
[}
c
S
=
>
Q@
~
(%)
<
>
N
0
5
<
@
x
b
5
x
b
X
b

,777777777777777777777 7SIBA2X-X A XXX-XXXX
(25 ] I 78J642 BO1 74 C
50 ‘ |
L2< |
Q2 D
BO2 99 E
24 — I, BO3 ; F
E 104 | i (R4} 98 G
[23] . Iis
I ;F 97
48 Q6 BO4 [R6} 7]
[22 ] Q7 — 3y, Ig BO5 %:]96
y pEE y A
L1 7 =
J1 12
Vi | )1
T J2 37
Lat] Vs BOB B H— ]
45
21 V4
[:
Bl
[: BI2
(56 ] BI3
[55 | Bl4
[54 ] BI5
83
95 Bl6
70
BI7 ‘
69 75 1
Li tatl 12 ‘ F3 51
66 BI8 'VetS?USC 3 2 \ E
[: BI9 contac ‘ ‘
BI10 b 7
ower
[: BI11 supply _
BI12 ‘
[: BIT3 Additional o) o |
Bl14 interface ‘ o i
— BI1s — i |
ervice ‘ *
(87} interface | ¢ ‘ )
62 Bl16 ‘ o !
(o1 BI17 ‘ OO .
System | (@]
[60 ] B8 interface Mollo |
I BI19 ‘ ‘
85 Time A i %)
84 BI20 synchronization ‘ ‘
=] -_
Earth at . @ = | fl?arthing
rear of housing ! ‘ sEminel]
Operator Earth at (=] ¢ §»
panel rear of housing @ ‘ ‘ ©
©
*) For pinout of communication ports see part 14 1) Power relays are intended to directly control motorized switches. The power relays are
of this catalog. interlocked so only one relay of each pair can close at a time, in order to avoid shorting
For the allocation of the terminals of the panel out the power supply. The power relay pairs are BO6/BO7, BO8/BO9. If used for protection
surface-mounting version refer to the manual purposes only one binary output of a pair can be used.

(http:/lwww.siemens.com/siprotec).

Fig. 5/123 7SJ642 connection diagram
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Connection diagram

Housing for panel surface mounting

Fig. 5/124 7S5J645 connection diagram
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7SJ645

Operator
panel

149
BO2 E]
BO3 ¢~ {R3 }— 148
i R4 198
BO4 — ~——{R6 197
i R6 147
805 ~~~———{Rr}—1%
} R} [146]
J1 (("’“; [ 19 ]
} 2 J (69 ]
BO6 j ‘ {18 ]
BO7 :[ ‘
BOS :/[ ‘
BO9 j
BO10 [J7 1 23
BO11 P | 2]
i J8 {72 ]
BO12 FWE
71
{34 ]
84
BO13 133 ]
BO14
BO15
BO16
BO17 40]
BO18P —{ N9 | 39 ]
i N8 89
BO19 r%:]%
| [N12 86
\
Live status 12 ‘ F3 [Tot
Lo T
{32 [
contact
o
Power (<)
supply =
Additional Loy b ‘ L
interface [ lo ‘
Service ‘ ‘ *
interface ! ¢ ‘ )
| o
- Dol |,
System | [O]jo|B )
interface Mollo ‘
Time ! A ‘ *)
synchronization ‘ [
o ‘
arth at ) @ (Earthing
rear of housing | ‘ terminal)
_ im
&
Earth at ‘;‘L
rear of housing g
_ 13

$ 7SJBAEX-X A XXX-XXXX
BOY | C

OTmMO

*) For pinout of communication ports see
part 14 of this catalog.
For the allocation of the terminals of
the panel surface-mounting version
refer to the manual
(http://www.siemens.com/siprotec).

1) Power relays are intended to directly
control motorized switches. The power
relays are interlocked so only one relay
of each pair can close at a time, in order
to avoid shorting out the power supply.
The power relay pairs are BO6/BO7,
BO8/BO9, BO13/BO14, BO15/BO16.

If used for protection purposes only one
binary output of a pair can be used.



Connection diagram

Housmg for panel surface mounting

T — 7SJB47x-X B XXX-XXXX
7SIBATX-X A XXX-XXXX

[anlvie]

o8]

Q

o

{H?j
NS
HA
w

BOM
J8 72
BO12 B J11
i J12 71
W(—H) @
s+
N2 ]

ma
Eiﬁ
N e
5]

N (N [
(IJ!OO

N
~]|

~NNN
~| [ |o

1) Power relays are intended to directly
control motorized switches. The power
relays are interlocked so only one relay
of each pair can close at a time, in order

— to avoid shorting out the power supply.

The power relay pairs are BO6/BO7,

BO8/BO9, BO13/BO14, BO15/BO16.

If used for protection purposes only one

binary output of a pair can be used.

LSA4736en.eps

Fig. 5/125 7SJ647 connection diagram part 1; continued on following page
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Overcurrent Protection/7SJ64

Connection diagram

— T T — T T - T - —
! ‘ 78J647 T ‘
BI34 Live 73 ‘ —
BI35 status T2 ‘ 1 F3 | [101]
contact |/—O—C W 102
BI36 | !
— +
BIS7 Power (~) ‘
BI38 supply | = =
BI39 ! |
BI40 Additional o) o |
BI21 interface ‘ o) i
BI42 ! b -
Bl43 Service interface ‘ C | )
Bl44 ‘ 5 |
BI45 s o "ol bl B *)
1t It !
8146 ystem interface ‘ o |
Bl47 p i i
ime *
Blag synchronization 1 j A ! )
rL-
Earth_ at e
) . housing wall ‘ | ;
‘ Housing for surface and flush mounting ! terminal)
=
Front port Operator Earth at e | !
ront por panel housing wall ‘ ‘
| &
] k=
| Housing for panel sufacemounting |3

*) For pinout of communication ports see part 14 of this catalog.
For the allocation of the terminals of the panel surface-mounting version
refer to the manual (http://www.siemens.com/siprotec).

Fig. 5/126 7SJ647 connection diagram part 2
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SIPROTEC 7SJ66

Description

=
| Tm
T
—
—
=y

Fig. 5/127 SIPROTEC 7SJ66 multifunction protection relay

Description

The SIPROTEC 7SJ66 unit is a numerical protection, control and
monitoring device, designed to use in Medium Voltage and
Industry applications.

SIPROTEC 7SJ66 is featuring the "flexible protection functions".
Up to 20 protection functions can be added according to individ-
ual requirements. Thus, for example, a rate-of-frequency-change
protection or reverse power protection can be implemented.

The relay provides control of the circuit-breaker, further switch-
ing devices and automation functions. The integrated graphical
logic editor (CFC) allows the user to implement its own func-
tions, e. g. for the automation of switchgear (interlocking).

The communication interfaces support the easy integration into
modern communication networks.

Function overview

Protection functions

» Overcurrent protection

« Directional overcurrent protection

* Sensitive directional ground-fault detection

* Displacement voltage

e Intermittent ground-fault protection

* Directional intermittent ground fault protection
 High-impedance restricted ground fault

Protection functions (continued)

e Inrush restraint

* Motor protection

¢ Overload protection

* Temperature monitoring

e Under-/overvoltage protection

* Under-/overfrequency protection
 Rate-of-frequency-change protection
* Power protection (e.g. reverse, factor)
* Undervoltage controlled reactive power protection
* Breaker failure protection

* Negative-sequence protection

* Phase-sequence monitoring

¢ Synchro-check

* Fault locator

e Lockout

* Auto-reclosure

Control functions/programmable logic

e Commands f. ctrl of CB and of isolators

« Position of switching elements is shown on the graphic display
e Control via keyboard, binary inputs, DIGSI 4 or SCADA system
e User-defined logic with CFC (e.g. interlocking)

Monitoring functions

* Operational measured values V, I, f
* Energy metering values Wy, Wy

e Circuit-breaker wear monitoring

¢ Slave pointer

e Trip circuit supervision

e Fuse failure monitor

» 8 oscillographic fault records

* Motor statistics

Communication (build in interfaces)

e System interface
IEC 60870-5-103/1EC 61850 / Modbus RTU / DNP3

* Service interface for DIGSI 4/ RTD-Box

e Electrical and optical interface

¢ RSTP, PRP (Redundancy Protocol for Ethernet)
e Front USB interface for DIGSI 4

» Time synchronization via IRIG B/IDCF77

Hardware

e Screw-type current terminals

 Spring or Screw-type Voltage and Binary 1/0 terminals
e 4 current and 4 voltage transformers

* 16/22/36 binary inputs

* 7110123 output relays

e Graphical or 8 line text display

Siemens SIP - Edition No. 8
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Application

Busbar I
Local/remote control CFC logic Metering values
] Synchrocheck
Commands/Feedbacks
Set points VP
EZ | ‘. Trip circuit supervision AND Mean value LV, Watts, ,
. Vars,p.f.,f Flexible protection functions
Lock out Min/Max-Log ] T P<> Q<> cosg df/dt
HMI Communication interface RTD b Energy meter: I | (32 -@ @
0X ;
. calculated and/or by impulses < > > <
— Electrical: IEC61850 interface w
1EC60870-5-103 n 1 @ @
Fault di Motor protection Fault Locator
Modbus RTU ault recording Restart Starting Load
DNP3 inhibit time  jam Directional
= Optical:  IEC61850 DU&UDG& 66/86 e @ @ H—(F0) @ Phase sequence
- 1>>dir.______, lg>> dir.
Bearing Locked [Motor : 1> dir. \ le> dir.
temp rotor | : Ip dir. e dir.
: (67) (67N
SO, 7""""""""""'[ """"""""""""""""" \ :\ """ 7 X
1>>, :>’ S/ Ie>>, le> 7 o ! Breaker failure R R *
1>>> | 12> > H i '
N\ > e222 s ThRUSh Py— protection i Dir. Sensitive earth-fault
OO OED@EDE | [
B } _______ Y oA o A - i, - K B lee>>,
4 I AN % lee>
le>>, / le>, / Hight-impedance Auto- " Jee, Ve>
| | le>>>" lep 7 resricted earth-fault reclosure ’
El l @ 51N 87N & @
" RTD = resistance temperature detector

Fig. 5/128 Function diagram

Application

The SIPROTEC 7SJ66 unit is a numerical protection relay that also
performs control and monitoring functions and therefore sup-
ports the user in cost-effective power system management. The
relay ensures reliable supply of electric power to the customers.
Local operation has been designed according to ergonomic
criteria. A large, easy-to-read display was a major design aim.

Control

The integrated control function permits control of disconnect
devices, grounding switches or circuit-breakers via the inte-
grated operator panel, binary inputs, DIGSI 4 or the control and
protection system (e.g. SICAM). The present status (or position)
of the primary equipment can be displayed, in case of devices
with graphic display. A full range of command processing func-
tions is provided.

Programmable logic

The integrated logic characteristics (CFC) allow the user to
implement their own functions for automation of switchgear
(interlocking) or a substation via a graphic user interface. The
user can also generate user-defined messages.

Line protection

The SIPROTEC 7SJ66 units can be used for line protection of
high and medium-voltage networks with earthed (grounded),
low-resistance grounded, isolated or compensated neutral point.
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Synchro-check

In order to connect two components of a power system, the
relay provides a synchro-check function which verifies that
switching ON does not endanger the stability of the power
system.

Motor protection

When protecting motors, the SIPROTEC 7SJ66 relay is suitable for
asynchronous machines of all sizes.

Transformer protection

The relay performs all functions of backup protection supple-
mentary to transformer differential protection. The inrush
suppression effectively prevents tripping by inrush currents.
The high-impedance restricted ground-fault protection detects
short-circuits and insulation faults on the transformer.

Backup protection

The SIPROTEC 7SJ66 can be used universally for backup protec-
tion.

Flexible protection functions

By configuring a connection between a standard protection logic
and any measured or derived quantity, the functional scope of
the relays can be easily expanded by up to 20 protection stages
or protection functions.

Metering values

Extensive measured values, limit values and metered values
permit improved system management.



Application

ANSI

IEC

Protection functions

50, 50N

I>, I>>, I>>>, I[g>, [g>>,1g>>>

Definite-time overcurrent protection (phase/neutral)

50, 51V, 51N

o, Iep

Inverse overcurrent protection (phase/neutral), phase function with voltage-dependent option

67, 67N

Tair>, Igir>>, Ip dir
Iedir>, Iedir>>, Iep dir

Directional overcurrent protection (definite/inverse, phase/neutral),
Directional comparison protection

7Ns/50Ns

Iee>, Iee>>, Iegp

Directional /non-directional sensitive ground-fault detection

Cold load pick-up (dynamic setting change)

59N/64 Ve, Vo> Displacement voltage, zero-sequence voltage
Iie> Intermittent ground fault
67Ns I dir> Directional intermittent ground fault protection
87N High-impedance restricted ground-fault protection
S0BF Breaker failure protection
Auto-reclosure
Synchro-check
> Phase-balance current protection (negative-sequence protection)

V2>, phase-sequence

Unbalance-voltage protection and/or phase-sequence monitoring

@@g@g@@@@@@'

> Thermal overload protection
Starting time supervision
Load jam protection
Locked rotor protection
6 Restart inhibit
I Undercurrent monitoring
Temperature monitoring via external device (RTD-box), e.g. bearing temperature monitoring
27,59 V<, V> Undervoltage/overvoltage protection
dvidt Rate-of-voltage-change protection
@ P<>, Q<> Reverse-power, forward-power protection
Q>/V< Undervoltage-controlled reactive power protection
@ cos @ Power factor protection
>, f< Overfrequency/underfrequency protection
dfidt Rate-of-frequency-change protection

N
-
M
—

Fault locator
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SIPROTEC 7SJ66

Construction, protection functions

tDe\ay‘

50-1

50-2

t Delay

LSA2356-agpen.eps
LSA2857-agpen.eps

T
50-1

Fig. 5/129 SIPROTEC 7SJ66 rear view with
optical Ethernet system interfaces

Construction

Connection techniques and housing with many advantages

1/3-rack size and 1/2-rack size are the available housing
widths of the SIPROTEC 7SJ66 relays, referred to a 19" module
frame system. This means that previous models can always be
replaced. The heightis a uniform 244 mm for flush-mounting
housing. All CT-cables can be connected with or without ring
lugs.

Protection functions

Overcurrent protection (ANSI 50, 50N, 51, 51V, 51N)

This function is based on the phase-selective measurement of
the three phase currents and the ground current (four trans-
formers). Three definite-time overcurrent protection elements
(DMT) exist both for the phases and for the ground. The current
threshold and the delay time can be set within a wide range.

In addition, inverse-time overcurrent protection characteristics
(IDMTL) can be activated.

The inverse-time function provides — as an option — voltage-
restraint or voltage-controlled operating modes.

Fig. 5/130 Definite-timeovercurrentprotection

50-2 Ioom B

Fig. 5/131 Inverse-time overcurrent protection

Available inverse-time characteristics

Characteristics acc. to ANSI/IEEE IEC 60255-3
Inverse U o

Short inverse .

Long inverse o o
Moderately inverse o

Very inverse o o

Extremely inverse o o

Reset characteristics

For easier time coordination with electromechanical relays, reset
characteristics according to ANSI C37.112 and IEC 60255-3 /
BS 142 standards are applied.

When using the reset characteristic (disk emulation), a reset

process is initiated after the fault current has disappeared. This
reset process corresponds to the reverse movement of the Fer-
raris disk of an electromechanical relay (thus: disk emulation).

User-definable characteristics

Instead of the predefined time characteristics according to ANSI,
tripping characteristics can be defined by the user for phase and
ground units separately. Up to 20 current/time value pairs may
be programmed. They are set as pairs of numbers or graphically
in DIGSI 4.

Inrush restraint

The relay features second harmonic restraint. If the second
harmonic is detected during transformer energization, pickup of
non-directional and directional normal elements are blocked.

Cold load pickup/dynamic setting change

For directional and non-directional overcurrent protection
functions the initiation thresholds and tripping times can be
switched via binary inputs or by time control.
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Directional overcurrent protection (ANSI 67, 67N)

Directional phase and ground protection are separate functions.
They operate in parallel to the non-directional overcurrent
elements. Their pickup values and delay times can be set sepa-
rately. Definite-time and inverse-time characteristics are offered.
The tripping characteristic can be rotated about + 180 degrees.

By means of voltage memory, directionality can be determined
reliably even for close-in (local) faults. If the switching device
closes onto a fault and the voltage is too low to determine direc-
tion, directionality (directional decision) is made with voltage
from the voltage memory. If no voltage exists in the memory,
tripping occurs according to the coordination schedule.

For ground protection, users can choose whether the direction

is to be determined via zero-sequence system or negative-
sequence system quantities (selectable). Using negative-
sequence variables can be advantageous in cases where the zero
voltage tends to be very low due to unfavorable zero-sequence
impedances.

Directional comparison protection (cross-coupling)

It is used for selective protection of sections fed from two
sources with instantaneous tripping, i.e. without the disad-
vantage of time coordination. The directional comparison
protection is suitable if the distances between the protection
stations are not significant and pilot wires are available for
signal transmission. In addition to the directional comparison
protection, the directional coordinated overcurrent protection
is used for complete selective backup protection. If operated in
a closed-circuit connection, an interruption of the transmission
line is detected.

(Sensitive) directional ground-fault detection
(ANSI 64, 67Ns, 67N)

For isolated-neutral and compensated networks, the direction
of power flow in the zero sequence is calculated from the zero-
sequence current Ip and zero-sequence voltage Vp.

For networks with an isolated neutral, the reactive current
component is evaluated; for compensated networks, the active
current component or residual resistive current is evaluated.

For special network conditions, e.g. high-resistance grounded
networks with ohmic-capacitive ground-fault current or low-
resistance grounded networks with ohmic-inductive current, the
tripping characteristics can be rotated approximately

+ 45 degrees.

Two modes of ground-fault direction detection can be imple-

mented: tripping or “signalling only mode”.

It has the following functions:

* TRIP via the displacement voltage Vg.

e Two instantaneous elements or one instantaneous plus one
user-defined characteristic.

e Each element can be set in forward, reverse, or non-
directional.

e The function can also be operated in the insensitive mode as
an additional short-circuit protection.

Protection functions

X g
Inductive g
g
3
I
V4 &
A < ]
Reverse R
Forward
Capacitive

Fig. 5/132 Directional characteristic of the directional overcurrent

protection
T Vars 8
Vo :
P'<0 \ %
\
INs \
\
,/
-
Power factor cos ¢ - -
correction = +15°
- — — > \Natts
_— V.
— E
,/
_—
o
Is > dir.
P <0 P'>0
Reverse Forward

Fig. 5/133 Directional determination using cosine measurements for
compensated networks

(Sensitive) ground-fault detection
(ANSI 50Ns, 51Ns / 50N, 51N)

For high-resistance grounded networks, a sensitive input
transformer is connected to a phase-balance neutral current
transformer (also called core-balance CT).

The function can also be operated in the insensitive mode as an
additional short-circuit protection.
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Protection functions

Intermittent ground-fault protection

Intermittent (re-striking) faults occur due to insulation weak-
nesses in cables or as a result of water penetrating cable joints.
Such faults either simply cease at some stage or develop into
lasting short-circuits. During intermittent activity, however,
star-point resistors in networks that are impedance-grounded
may undergo thermal overloading. The normal ground-fault pro-
tection cannot reliably detect and interrupt the current pulses,
some of which can be very brief.

The selectivity required with intermittent ground faults is
achieved by summating the duration of the individual pulses and
by triggering when a (settable) summed time is reached. The
response threshold I1g> evaluates the r.m.s. value, referred to
one systems period.

Directional intermittent ground fault protection (ANSI 67Ns)

The directional intermittent ground fault protection has to detect

intermittent ground faults in resonant grounded cable systems

selectively. Intermittent ground faults in resonant grounded

cable systems are usually characterized by the following proper-

ties:

* A very short high-current ground current pulse (up to several
hundred amperes) with a duration of under 1 ms

* They are self-extinguishing and re-ignite within one halfperiod
up to several periods, depending on the power system condi
tions and the fault characteristic.

* Over longer periods (many seconds to minutes), they can
develop into static faults.

Such intermittent ground faults are frequently caused by weak
insulation, e.g. due to decreased water resistance of old cables.
Ground fault functions based on fundamental component
measured values are primarily designed to detect static ground
faults and do not always behave correctly in case of intermittent
ground faults. The function described here evaluates specifi cally
the ground current pulses and puts them into relation with the
zero-sequence voltage to determine the direction.

Phase-balance current protection (ANSI 46)
(Negative-sequence protection)

In line protection, the two-element phase-balance current/
negative-sequence protection permits detection on the high side
of high-resistance phase-to-phase faults and phase-to-ground
faults that are on the low side of a transformer (e.g. with the
switch group Dy 5). This provides backup protection for high-
resistance faults beyond the transformer.

Breaker failure protection (ANSI 50BF)

If a faulted portion of the electrical circuit is not disconnected
upon issuance of a trip command, another command can be
initiated using the breaker failure protection which operates

the circuit-breaker, e.g. of an upstream (higher-level) protection
relay. Breaker failure is detected if, after a trip command, current
is still flowing in the faulted circuit. As an option, it is possible to
make use of the circuit-breaker position indication.
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Fig. 5/134 High-impedance restricted ground-fault protection

High-impedance restricted ground-fault protection (ANSI 87N)

The high-impedance measurement principle is an uncomplicated
and sensitive method for detecting ground faults, especially on
transformers. It can also be applied to motors, generators and
reactors when these are operated on an grounded network.

When the high-impedance measurement principle is applied, all
current transformers in the protected area are connected in par-
allel and operated on one common resistor of relatively high R
whose voltage is measured (see Fig. 5/134). In the case of 7SJ6
units, the voltage is measured by detecting the current through
the (external) resistor R at the sensitive current measurement
input Ige. The varistor V serves to limit the voltage in the event
of an internal fault. It cuts off the high momentary voltage
spikes occurring at transformer saturation. At the same time,
this results in smoothing of the voltage without any noteworthy
reduction of the average value.

If no faults have occurred and in the event of external faults, the
system is at equilibrium, and the voltage through the resistor is
approximately zero. In the event of internal faults, an imbalance
occurs which leads to a voltage and a current flow through the
resistor R.

The current transformers must be of the same type and must
at least offer a separate core for the high-impedance restricted
ground-fault protection. They must in particular have the same
transformation ratio and an approximately identical knee-point
voltage. They should also demonstrate only minimal measuring
errors.



Flexible protection functions

The SIPROTEC 7SJ66 units enable the user to easily add on up
to 20 protective functions. To this end, parameter definitions
are used to link a standard protection logic with any chosen
characteristic quantity (measured or derived quantity). The
stand- ard logic consists of the usual protection elements such
as the pickup message, the parameter-definable delay time, the
TRIP command, a blocking possibility, etc. The mode of opera-
tion for current, voltage, power and power factor quantities can
be three-phase or single-phase. Almost all quantities can be
operated as greater than or less than stages. All stages operate
with protection priority.

Protection stages/functions attainable on the basis of the avail-
able characteristic quantities:

Function ANSI No.

I>, Ig> 50, 50N

V<, V>, Ve>, dVidt 27,59, 59R, 64
3lo>, I1>, Ir>, i, 50N, 46,

3Vo>, Vi><, Vo< 59N, 47

P><, QO>< 32

cos @ (p.f.)>< 55

f>< 810, 81U
dfldt>< 81R

For example, the following can be implemented:
* Reverse power protection (ANSI 32R)
* Rate-of-frequency-change protection (ANSI 81R)

Undervoltage-controlled reactive power protection
(ANSI 27/Q)

The undervoltage-controlled reactive power protection protects
the system for mains decoupling purposes. To prevent a voltage
collapse in energy systems, the generating side, e.g. a genera-
tor, must be equipped with voltage and frequency protection
devices. An undervoltage-controlled reactive power protection is
required at the supply system connection point. It detects critical
power system situations and ensures that the power generation
facility is disconnected from the mains. Furthermore, it ensures
that reconnection only takes place under stable power system
conditions. The associated criteria can be parameterized.

Synchro-check (ANSI 25)

In case of switching ON the circuit- breaker, the units can check
whether the two subnetworks are synchronized.

Voltage-, frequency- and phase-angle-differences are being
checked to determine whether synchronous conditions are
existent.

Auto-reclosure (ANSI 79)

Multiple reclosures can be defined by the user and lockout will
occur if a fault is present after the last reclosure. The following
functions are possible:

¢ 3-pole ARC for all types of faults
* Separate settings for phase and ground faults

e Multiple ARC, one rapid auto-reclosure (RAR) and up to nine
delayed auto-reclosures (DAR)

Protection functions

Measured- Parameter | gtandard protection logic |
CurEmi value (simplified diagram)
4 processing il
—##— I measured —
Vmeasured —— Pickup
310,711,12 ——
Time TRIP
3v0, V1, V2 ——
dv/dt | command
Voltage Threshold
4 |PQ B
—H#— P (cos ¢) —— Function 1
f [ ‘ Function 2
dffdt — [ Function 20
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Fig. 5/135 Flexible protection functions

e Starting of the ARC depends on the trip command selection
(e.g. 46, 50, 51, 67)

* Blocking option of the ARC via binary inputs
* ARC can be initiated externally or via CFC

* The directional and non-directional elements can either be
blocked or operated non-delayed depending on the auto-
reclosure cycle

* Dynamic setting change of the directional and non-directional
elements can be activated depending on the ready AR

Thermal overload protection (ANSI 49)

For protecting cables and transformers, an overload protection
with an integrated pre-warning element for temperature and
current can be applied. The temperature is calculated using a
thermal homogeneous-body model (according to IEC 60255-8),
which takes account both of the energy entering the equipment
and the energy losses. The calculated temperature is constantly
adjusted accordingly. Thus, account is taken of the previous load
and the load fluctuations.

For thermal protection of motors (especially the stator) a
further time constant can be set so that the thermal ratios can
be detected correctly while the motor is rotating and when it is
stopped. The ambient temperature or the temperature of the
coolant can be detected serially via an external temperature
monitoring box (resistance-temperature detector box, also
called RTD-box). The thermal replica of the overload function
is automatically adapted to the ambient conditions. If there is
no RTD-box it is assumed that the ambient temperatures are
constant.

Settable dropout delay times

If the devices are used in parallel with electromechanical relays
in networks with intermittent faults, the long dropout times of
the electromechanical devices (several hundred milliseconds)
can lead to problems in terms of time grading. Clean time
grading is only possible if the dropout time is approximately the
same. This is why the parameter of dropout times can be defined
for certain functions such as time-over-current protection,
ground short-circuit and phase-balance current protection.
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Protection functions

Motor protection

Restart inhibit (ANSI 66/86)
If a motor is started up too many times in
succession, the rotor can be subject to Maximum permissible
thermal overload, especially the upper rotor temperature N\
edges of the bars. The rotor temperature Temperature characteristic of |
is calculated from the stator current. The rotor rod top edge : :
reclosing lockout only permits start-up iAol el | |
of the motor if the rotor has sufficient ~ L._/ T N : Sy A A de
thermal reserves for a complete start-up : | /" | :
(see Fig. 5/136). | a | |
| |

| | | @

Emergency start-up ) | ! | s
| | ]
This function disables the reclosing lockout / ‘ : [ : [ : 5
via a binary input by storing the state of A rTeh';irgal : | ! [ %
the thermal replica as long as the binary [ ‘ [ ‘ ‘ 3
) . . ; ; ; : :
input is active. It. is also possible to reset 1. Start-up T 2. Start-up T 3. Start-up T —»t
the thermal replica to zero. Motor ;{r?]ceovery Motor tFiireﬂceovery Motor tFizﬁ]c:very
I started started started

Temperature monitoring (ANSI 38)
One temperature monitoring box with a Fig. 51136

total of 12 measuring sensors can be used
for temperature monitoring and detection
by the protection relay. The thermal status of motors, generators
and transformers can be monitored with this device. Addition-
ally, the temperature of the bearings of rotating machines are
monitored for limit value violation. The temperatures are being
measured with the help of temperature detectors at various
locations of the device to be protected. This data is transmitted
to the protection relay via one or two temperature monitoring
boxes (see “"Accessories”, page 5/115).

Starting time supervision (ANSI 48/14)

Starting time supervision protects the motor against long
unwanted start-ups that might occur in the event of excessive
load torque or excessive voltage drops within the motor, or if the
rotor is locked. Rotor temperature is calculated from measured
stator current. The tripping time is calculated according to the
following equation:

for I > IoToR START

I 2
i)

I = Actual current flowing
Imotor starT = Pickup current to detect a motor start

t = Tripping time
In = Rated motor starting current
Ta = Tripping time at rated motor starting current

(2 times, for warm and cold motor)

The characteristic (equation) can be adapted optimally to the
state of the motor by applying different tripping times Ta in
dependence of either cold or warm motor state. For differentia-
tion of the motor state the thermal model of the rotor is applied.

If the trip time is rated according to the above formula, even a
prolonged start-up and reduced voltage (and reduced start-up
current) will be evaluated correctly. The tripping time is inverse
(current dependent).

A binary signal is set by a speed sensor to detect a blocked rotor.
An instantaneous tripping is effected.
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Load jam protection (ANSI 51M)

Sudden high loads can cause slowing down and blocking of
the motor and mechanical damages. The rise of current due
to a load jam is being monitored by this function (alarm and
tripping).

The overload protection function is too slow and therefore not
suitable under these circumstances.

Phase-balance current protection (ANSI 46)
(Negative-sequence protection)

The negative-sequence / phase-balance current protection detects
a phase failure or load unbalance due to network asymmetry and
protects the rotor from impermissible temperature rise.

Undercurrent monitoring (ANSI 37)

With this function, a sudden drop in current, which can occur
due to a reduced motor load, is detected. This may be due to
shaft breakage, no-load operation of pumps or fan failure.

Motor statistics

Essential information on start-up of the motor (duration, cur-
rent, voltage) and general information on number of starts, total
operating time, total down time, etc. are saved as statistics in
the device.

Voltage protection

Overvoltage protection (ANSI 59)

The two-element overvoltage protection detects unwanted
network and machine overvoltage conditions. The function can
operate either with phase-to-phase, phase-to-ground, positive
phase-sequence or negative phase-sequence system voltage.
Three-phase and single-phase connections are possible.

Undervoltage protection (ANSI 27)

The two-element undervoltage protection provides protec-
tion against dangerous voltage drops (especially for electric
machines). Applications include the isolation of generators or
motors from the network to avoid undesired operating states
and a possible loss of stability. Proper operating conditions

of electrical machines are best evaluated with the positive-
sequence quantities. The protection function is active over a



wide frequency range (25 to 70 Hz). Even when falling below
this frequency range the function continues to work, however,
with a greater tolerance band.

The function can operate either with phase-to-phase, phase-to-
ground or positive phase-sequence voltage and can be moni-
tored with a current criterion. Three-phase and single-phase
connections are possible.

Frequency protection (ANSI 810/U)

Frequency protection can be used for over- frequency and under-
frequency protection. Electric machines and parts of the system
are protected from unwanted speed deviations. Unwanted
frequency changes in the network can be detected and the load
can be removed at a specified frequency setting.

There are four elements (select- able as overfrequency or
underfrequency) and each element can be delayed separately.
Blocking of the frequency protection can be performed if using a
binary input or by using an undervoltage element.

Fault locator (ANSI 21FL)

The integrated fault locator calculates the fault impedance and
the distance-to-fault. The results are displayed in Q, kilometers
(miles) and in percent of the line length.

Circuit-breaker wear monitoring

Methods for determining circuit-breaker contact wear or the
remaining service life of a circuit-breaker (CB) allow CB mainte-
nance intervals to be aligned to their actual degree of wear. The
benefit lies in reduced maintenance costs.

There is no mathematically exact method of calculating the
wear or the remaining service life of circuit-breakers that takes
into account the arc-chamber's physical conditions when the CB
opens. This is why various methods of determining CB wear have
evolved which reflect the different operator philosophies. To do
justice to these, the devices offer several methods:

LN

e X, withx=1...3

° Zi%t

The devices additionally offer a new method for determining the
remaining service life:

e Two-point method

The CB manufacturers double-logarithmic switching cycle
diagram (see Fig. 5/137) and the breaking current at the time
of contact opening serve as the basis for this method. After CB
opening, the two-point method calculates the number of still
possible switching cycles. To this end, the two points P1 and P2
only have to be set on the device. These are specified in the CB's
technical data.

All of these methods are phase-selective and a limit value can be
set in order to obtain an alarm if the actual value falls below or
exceeds the limit value during determination of the remaining
service life.

Customized functions (ANSI 32, 51V, 55, etc.)

Additional functions, which are not time critical, can be imple-
mented via the CFC using measured values. Typical functions
include reverse power, voltage controlled overcurrent, phase
angle detection, and zero-sequence voltage detection.

Protection functions
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Fig. 5/137  CB switching cycle diagram

Commissioning

Commissioning could hardly be easier and is fully supported by
DIGSI 4. The status of the binary inputs can be read individually
and the state of the binary outputs can be set individually. The
operation of switching elements (circuit-breakers, disconnect
devices) can be checked using the switching functions of the bay
controller. The analog measured values are represented as wide-
ranging operational measured values. To prevent transmission of
information to the control center during maintenance, the bay
controller communications can be disabled to prevent unneces-
sary data from being transmitted. During commissioning, all
indications with test marking for test purposes can be connected
to a control and protection system.

Test operation

During commissioning, all indications can be passed to an
automatic control system for test purposes.

Control and automatic functions

Control

In addition to the protection functions, the SIPROTEC 4 units also
support all control and monitoring functions that are required
for operating medium-voltage or high-voltage substations.

The main application is reliable control of switching and other
processes.

The status of primary equipment or auxiliary devices can be
obtained from auxiliary contacts and communicated to the
SIPROTEC 7SJ66 via binary inputs. Therefore it is possible to
detect and indicate both the OPEN and CLOSED position or a
fault or intermediate circuit-breaker or auxiliary contact position.

The switchgear or circuit-breaker can be controlled via:
— integrated operator panel

— binary inputs

— substation control and protection system

- DIGSI 4
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SIPROTEC 7SJ66

Functions

Automation/user-defined logic

With integrated logic, the user can set, via a graphic interface
(CFQ), specific functions for the automation of switchgear or
substation. Functions are activated via function keys, binary
input or via communication interface.

Switching authority

Switching authority is determined according to parameters and
communication.

If a source is set to “LOCAL”, only local switching operations are
possible. The following sequence of switching authority is laid
down: “LOCAL"; DIGSI PC program, “REMOTE".

Command processing

All the functionality of command processing is offered. This
includes the processing of single and double commands with
or without feedback, sophisticated monitoring of the control
hardware and software, checking of the external process,
control actions using functions such as runtime monitoring and
automatic command termination after output. Here are some
typical applications:

¢ Single and double commands using 1, 1 plus 1 common or 2
trip contacts

e User-definable bay interlocks

e Operating sequences combining several switching operations
such as control of circuit-breakers, disconnectors and ground-
ing switches

* Triggering of switching operations, indications or alarm by
combination with existing information

Assignment of feedback to command

The positions of the circuit-breaker or switching devices and
transformer taps are acquired by feedback. These indication
inputs are logically assigned to the corresponding command
outputs. The unit can therefore distinguish whether the indica-
tion change is a consequence of switching operation or whether
it is a spontaneous change of state.

Chatter disable

Chatter disable feature evaluates whether, in a configured
period of time, the number of status changes of indication input
exceeds a specified figure. If exceeded, the indication input is
blocked for a certain period, so that the event list will not record
excessive operations.

Indication filtering and delay
Binary indications can be filtered or delayed.

Filtering serves to suppress brief changes in potential at the
indication input. The indication is passed on only if the indica-
tion voltage is still present after a set period of time. In the
event of indication delay, there is a wait for a preset time. The
information is passed on only if the indication voltage is still
present after this time.

Indication derivation

A further indication (or a command) can be derived from an
existing indication. Group indications can also be formed. The
volume of information to the system interface can thus be
reduced and restricted to the most important signals.

o
c
S

75J66_breit_W11

Fig. 5/138 SIPROTEC 7SJ663 rear view with communication ports

Switchgear cubicles for high/medium voltage

All units are designed specifically to meet the requirements of
high/medium-voltage applications.

In general, no separate measuring instruments (e.g., for current,
voltage, frequency, ...) or additional control components are
necessary.

Measured values

The r.m.s. values are calculated from the acquired current and
voltage along with the power factor, frequency, active and reac-
tive power. The following functions are available for measured
value processing:

e Currents Iq, Ii2, I3, I, Ieg (67Ns)

* Voltages Vi1, Vio, Vi3, Viri2, Vias, Visu

e Symmetrical components Iy, I, 3Io; Vi, V2, Vo

* Power Watts, Vars, VAIP, Q, S (P, Q: total and phase selective)
¢ Power factor (cos ¢), (total and phase selective)

e Frequency

e Energy = kWh, + kVarh, forward and reverse power flow

¢ Mean as well as minimum and maximum current and voltage
values

¢ Operating hours counter

* Mean operating temperature of overload function

 Limit value monitoring
Limit values are monitored using programmable logic in the
CFC. Commands can be derived from this limit value indica-
tion.

e Zero suppression

In a certain range of very low measured values, the value is set
to zero to suppress interference.
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SIPROTEC 7SJ66

Communication

Communication

In terms of communication, the units offer substantial flexibility
in the context of connection to industrial and power automation
standards.

USB interface

There is a USB interface on the front of the relay. All the relay
functions can be parameterized on PC by using DIGSI.
Commissioning tools and fault analysis are built into the DIGSI
program and are used through this interface.

Rear interfaces

e Time synchronization interface
All units feature a permanently integrated electrical time
synchronization interface. It can be used to feed timing
telegrams in IRIG-B or DCF77 format into the units via time
synchronization receivers.

System interface

Communication with a central control system takes place
through this interface. The units can exchange data through
this interface via Ethernet and IEC 61850 protocol and can also
be operated by DIGSI.

Service interface

The service interface was conceived for remote access to a
number of protection units via DIGSI. It also allows commu-
nication via modem. For special applications, a temperature
monitoring box (RTD box) can be connected to this interface.

System interface protocols

IEC 61850 protocol

The Ethernet-based IEC 61850 protocol is the worldwide standard
for protection and control systems used by power supply corpora-
tions. Siemens was the first manufacturer to support this standard.
By means of this protocol, information can also be exchanged
directly between bay units so as to set up simple masterless
systems for bay and system interlocking. Access to the units via the
Ethernet bus is also possible with DIGSI.

IEC 60870-5-103 protocol

The IEC 60870-5-103 protocol is an international standard for the
transmission of protective data and fault recordings. All messages
from the unit and also control commands can be transferred by

means of published, Siemens-specific extensions to the protocol.

Redundant solutions are also possible. Optionally it is possible to
read out and alter individual parameters (only possible with the
redundant module).

Modbus RTU protocol

This serial protocol is mainly used in industry and by power supply
corporations, and is supported by a number of unit manufacturers.
SIPROTEC units function as Modbus slaves, making their informa-
tion available to a master or receiving information from it. A
time-stamped event list is available.

Substation controller

= | I |
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Fig. 5/139 |EC 60870-5-103: Radial electrical connection
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Fig. 5/140 Bus structure for station bus with Ethernet and
IEC 61850, electrical and optical ring

DNP3

DNP (Distributed Network Protocol, version 3) is a messaging-
based communication protocol. SIPROTEC 7SJ66 is fully Level
1 and Level 2-compliant with DNP3, which is supported by a
number of protection units manufactures.
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Selection table

Selection table for multifunctional overcurrent protection devices

Device 75J80 7561 75J62 75J63 7564 75182 75)66
Multifunctional protection v v v v v 4 v
functions
CTs 4 4 4 4 4 4 4
VTs 0/3 0 3/4 3 4 0/4 4
Binary inputs 3-11 3-11 8-11 11-37 7-48 11-23 16 -36
incl. Life contact
Binary outputs 5-9 4-9 6-9 8-19 5-26 8-16 7-24
Spring-type terminals = = = = = = v
Auxiliary voltage DC 24 -250V DC 24 -250V DC24-250V DC 24 - 250V DC24-250V DC24-250V DC110-250V
AC115-230V AC115-230V  AC115-230V AC115-230V AC115-230V AC115-230V AC115-230V
UL listing v v v v v v =
Surface mounting case ® ® ® [ [} - -
I[IZJ)aertwaeclzhed on-site operation ) . ) ° ° ) _
Languages gelenleséfr/itl gelenles/frlitiru  gelenles/frlit/ru gelenles/fr gelenles/frlitiru  gelen/ptlesiru enles/ru
rulc
Front USB v - - - - v v
Interfaces exchangeable v v v v v v -
IEC 61850 ® ® ° [} o ° [}
IEC 60870-5-103 ° ° ° ° ) [ ® (elec.)
Modbus RTU [ [ [ ® [} [} ® (elec.)
PROFIBUS FMS = (] ([ ] [} [ - -
PROFIBUS DP ® ® ® [} [ ] - =
PROFINET I/O ® ° ° - ° - -
DNP3 serial/TCP ® ® ® = ® () [}
RSTP v v v v v v v
PRP v v v v v v v
HSR v v v v v v -
v’ basic
- notavailable
® optional
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SIPROTEC 7SJ66

Typical connections

Typical connections

¥ Connection of current and voltage transformers

Standard connection

For grounded networks, the ground current is obtained from the
phase currents by the residual current circuit.

L1 L1
L2 L2
L3 L3
52 52
Q1.
. Q1 . Q2 §1L1 5
d Q@ 31, g 03 .
03 . Q4 31,
Q4 il,_z 05 4
Q5 . g a6 315
a6 3l = 08
Q7 . P 9
& Q731 53
a8 3I 2 —{ 2 EE :
g . g
S S
g g
1 : N[E 3
Fig. 5/141 Residual current circuit without directional element Fig. 5/142 Sensitive ground-current detection without directional element
L1
L2
E ——
52 .|}_%J
R14 .,
i R16 3 Ve
Lo L 15 ‘? Vioe
R18
R17 3 Vs
Q.
Q2 31
o Q3 .
¢ 31,
g Q5.
Q6 i I3
Q7 . o
g
a8 3l ¢
%
&
' — (E

Fig. 5/143 Residual current circuit with directional element
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Typical connections

Connection for compensated networks

The figure shows the connection of

two phase-to-ground voltages and the

Ve voltage of the open delta winding

and a phase-balance neutral current
transformer for the ground current. This
connection maintains maximum precision
for directional ground-fault detection and
must be used in compensated networks.
Fig. 5/144 shows sensitive directional
ground-fault detection.

Connection for isolated-neutral
or compensated networks only

If directional ground-fault protection is
not used, the connection can be made

with only two phase current transformers.

Directional phase short-circuit protection
can be achieved by using only two
primary transformers.

Connection for the synchro-check
function

The 3-phase system is connected as refer-
ence voltage, i. e. the outgoing voltages
as well as a single-phase voltage, in this
case a busbar voltage, that has to be
checked for synchronism.
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Typical applications

Overview of connection types

Type of network Function

Current connection

Voltage connection

(Low-resistance) grounded network

Overcurrent protection
phaselground non-directional

Residual circuit, with 3 phase-current
transformers required, phase-balance
neutral current transformer possible

(Low-resistance) grounded networks

Sensitive ground-fault protection

Phase-balance neutral current
transformers required

Isolated or compensated networks

Overcurrent protection phases

non-directional

Residual circuit, with 3 or 2 phase
current transformers possible

(Low-resistance) grounded networks

Overcurrent protection

phases directional

Residual circuit, with 3 phase-current
transformers possible

Phase-to-ground connection or
phase-to-phase connection

Isolated or compensated networks

Overcurrent protection

phases directional

Residual circuit, with 3 or 2 phase-
current transformers possible

Phase-to-ground connection or
phase-to-phase connection

(Low-resistance) grounded networks

Overcurrent protection

ground directional

Residual circuit, with 3 phase-current
transformers required, phase-balance
neutral current transformers possible

Phase-to-ground connection required

Isolated networks

Sensitive ground-fault
protection

Residual circuit, if ground current

> 0.05 Iy on secondary side, otherwise

phase-balance neutral current
transformers required

3 times phase-to-ground connection or
phase-to-ground connection with open
delta winding

Compensated networks

Sensitive ground-fault protection

COS @ measurement

Typical applications

Connection of circuit-breaker

Undervoltage releases

Undervoltage releases are used for auto-
matic tripping of high-voltage motors.

Example:
DC supply voltage of control system fails
and manual electric tripping is no longer
possible.

Automatic tripping takes place when
voltage across the coil drops below the trip
limit. In Fig. 5/147, tripping occurs due to
failure of DC supply voltage, by automatic
opening of the live status contact upon
failure of the protection unit or by short-
circuiting the trip coil in event of network
fault.

In Fig. 5/148 tripping is by failure of auxil-
iary voltage and by interruption of tripping
circuit in the event of network failure. Upon
failure of the protection unit, the tripping
circuit is also interrupted, since contact
held by internal logic drops back into open
position.

Voc+

Voc

Voe+

Phase-balance neutral current
transformers required

Phase-to-ground connection with open
delta winding required

Busbar
Emergency OFF \ ------------------
T T T 2
Close (';':;’ri as;?tus Trip
2851
75J6 * see note ANSI 50, 51 \
Trip coil
Close coil Undervoltage
release 2
[}
Close 523 &
2851 %
7SJ6 8 *closes when the
R < protection device is
= functioning properly
Fig. 5/147 Undervoltage release with make contact (50, 51)
Busbar
Emergency OFF \{------------------ Inverter from
CFC-Logic
T T 52
Close ] _| Trip
75J6 2851 \ < ANSI 50, 51 \
) Trip coil The trip contact closes
Close coll Undervoltage when no system
release disturbance exists ;”%
Close 52a g
7506 2851 E
el

Voe=

Fig. 5/148 Undervoltage trip with locking contact (trip signal 50 is inverted)
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SIPROTEC 7SJ66

Typical applications

Trip circuit supervision (ANSI 74TC)
Busbar

One or two binary inputs can be used for
monitoring the circuit-breaker trip coil
including its incoming cables. An alarm
signal occurs whenever the circuit is
interrupted.

Protection indications

511* General trip

2851* CB close command
52 6852* Trip circuit supervi-

sion: Trip relay
6853* Trip circuit supervi-

sion: CB aux

52a open, when CB is open
52b open, when CB is closed
Bl Binary input

Close
2851

Lockout (ANSI 86)
52b

All binary outputs can be stored like LEDs
and reset using the LED reset key. The
lockout state is also stored in the event of Trip 5@ Close
supply voltage failure. Reclosure can only coil coil
occur after the lockout state is reset.

TRIP Breaker| BI1 | BI2

contact
open |closed
open | open
closed | closed
If power is fed to a busbar through two - closed |open
parallel infeeds, then in the event of any
5 fault on one of the infeeds it should be
selectively interrupted. This ensures a
continued supply to the busbar through
the remaining infeed. For this purpose,

Reverse-power protection for dual
supply (ANSI 32R)

LSA2341-bgpen.eps

|| I|I
e o

Fig. 5/149 Trip circuit supervision with 2 binary inputs

directional devices are needed which Infeed A Infeed B
detect a short-circuit current or a power

flow from the busbar in the direction of

the infeed. The directional overcurrent 52 52
protection is usually set via the load % %

current. It cannot be used to deactivate

low-current faults. Reverse-power i i
protection can be set far below the rated g %
power. This ensures that it also detects 52
power feedback into the line in the event Busbar .
of low-current faults with levels far below —=
the load current. x52 o
Reverse-power protection is performed via \
the “flexible protection functions” of the
SIPROTEC 75J66.

LSA4116a-en.eps

}

Feeder Feeder

Fig. 5/150 Reverse-power protection for dual supply
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Selection and ordering data

Description

Order No.

Multifunction protection relay with local control

Housing, binary inputs and outputs
Housing 1/3 19", 4x U, 4 xI, 16 Bl, 7 BO, 1 life contact

67 89101112 171819
7sJ66 ] 1-L1I0II0O-0000-01000]

Housing 1/3 19", 4 x U, 4 x1, 22 BI, 10 BO, 1 life contact

Housing 1/2 19", 4 x U, 4 x I, 36 BI, 23 BO, 1 life contact, 4 function keys

Measuring inputs

Iph=1A, Ie=1A (min. = 0.05A)
Position 15 only with A, C, E, G

Iph =1 A, Ig = sensitive (min. = 0.001 A)
Position 15 only with B, D, F, H

Iph=5A,Ic=5A (min. = 0.25 A)
Position 15 only with A, C, E, G

Iph =5 A, I = sensitive (min. = 0.001 A)
Position 15 only with B, D, F, H

Auxiliary voltage
DC 110 to 250V, AC 115 to 230V, threshold binary input DC 69 V

DC 110 to 250 V, AC 115 to 230V, threshold binary input DC 138V

Construction
Flush-mounting case, screw-type terminals, 8-line text display

Flush-mounting case, spring-type terminals (direct connection), screw-type terminals for CT connec-

tion (direct connection/ring-type cable lugs), 8-line text display

Flush-mounting case, screw-type terminals, graphical display

Flush-mounting case, spring-type terminals (direct connection),

screw-type terminals for CT connection (direct connection/ring-type cable lugs), graphical display

Region-specific default settings/function versions and language settings
Region World, 50/60 Hz, IEC/ANSI, language: English (language can be changed)

Region World, 50/60 Hz, IEC/ANSI, language: Spanish (language can be changed)

Region RU, 50/60 Hz, IEC/ANSI, language: Russian (language can be changed)

System interface (Port B)

No system interface 0

IEC 60870-5-103 protocol, R5485 1) 2

Modbus, RS485 1 9 LOD
DNP3, RS485 1 9 LOG
IEC 61850, 100 Mbit Ethernet, electrical, double, RJ45-connector 2) 9 LOR
IEC 61850, 100 Mbit Ethernet, optical, double, LC-connector 2) 9 LOS
DNP3 + IEC 61850, 100 Mbit Ethernet, electrical, double, RJ45-connector 2) 9 L2R
DNP3 + IEC 61850, 100 Mbit Ethernet, optical, double, LC-connector 2 9 L2S
Service interface (Port C) 0

No interface 2

DIGSI 4/Modem/RTD-Box, electrical RS485 6

Ethernet interface (DIGSI, RTD-Box, no IEC61850), RJ45-connector

1) only available with position 12 =0 or 2

2) only available with position 12=0or 6

Continued on next page
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Selection and ordering data

Description Order No. Order code
1415
Multifunction protection relay with local control 7sJe6 ][ - I1IOIOI-0ICICI01-0J0I0]
ANSI No.
Basic version Control Ela
50/51 Overcurrent protection I>, I>>, I>>>, I,
50N/51N Ground-fault protection Ig>, Ie>>, Ig>>>, Igp
50N/51N  Insensitive ground-fault protection via
IEE function: Igg>, Ige>>, Ieep")
50/50N Flexible protection functions (index quantities
derived from current): Additional time-overcurrent
protection stages I;>, [>>>>, [g>>>>
51V Voltage-dependent inverse-time overcurrent protection
49 Overload protection (with 2 time constants)
46 Phase balance current protection
(negative-sequence protection)
37 Undercurrent monitoring
47 Phase sequence
59N/64 Displacement voltage
50BF Breaker failure protection
74TC Trip circuit supervision, 4 setting groups, cold-load pickup
Inrush blocking
86 Lockout
Basic+ Basic version (see above), Intermittent earth-fault F|E
V,P,f 27159 Under-/overvoltage
810/U Under-/overfrequency
27Q Undervoltage-controlled reactive power protection
27147159(N) Flexible protection (index quantities derived from
32/55/81R current and voltages): Voltage, power, p.f.,
rate-of-frequency-change protection
Basic + Basic version (see above) P|E
V,Pf IEF 27159 Under-/overvoltage
810/U Under-/overfrequency
27Q Undervoltage-controlled reactive power protection
27147159(N) Flexible protection (index quantities derived from
32/55/81R current and voltages): Voltage, power, p.f.,
rate-of-frequency-change protection
Basic + Basic version (see above) FlC
Dir 67/67N Direction determination for overcurrent, phases and
ground
Basic + Basic version (see above) F|G
Dir V,Pf 67/67N Direction determination for overcurrent, phases and
ground
27159 Under-/overvoltage
810/U Under-/overfrequency
27Q Undervoltage-controlled reactive power protection
27147159(N) Flexible protection (index quantities derived from
32/55/81R current and voltages): Voltage, power, p.f.,
rate-of-frequency-change protection
Basic + Basic version (see above) P|G
Dir V,Pf IEF 67/67N Direction determination for overcurrent, phases and
ground
27159 Under-/overvoltage
810/U Under-loverfrequency
27Q Undervoltage-controlled reactive power protection
27147159(N) Flexible protection (index quantities derived from
32/55/81R current and voltages): Voltage, power, p.f.,
rate-of-frequency-change protection
Basic + Basic version (see above) Plc
Dir IEF 67/67N Direction determination for overcurrent, phases and
ground

V, P, f =Voltage, power, frequency protection 1) only with position 7 = 1 or 5 (non-sensitive ground current input)

Dir = Directional overcurrent protection

IEF = Intermittent ground fault

5/136 | Siemens SIP - Edition No. 8

Continued on
next page



Selection and ordering data

Description Order No. Order code
1415
Multifunction protection relay with local control 7sJ66 1 0-1I0I0O-0ICICIC-0I0I0]
ANSI No.
Basic + Basic version included Flp
Sens.earth-f-det. 67/67N Direction determination for overcurrent,
Dir REF?) phases and ground
67Ns Directional sensitive ground-fault detection
67Ns Directional intermittent ground fault protection
87N High-impedance restricted earth fault
P|D
Basic + Sens.earth-f-det. Basic version included
Dir IEF REF2 67/67N Direction determination for overcurrent,
phases and ground
67Ns Directional sensitive ground-fault detection
67Ns Directional intermittent ground fault protection
87N High-impedance restricted ground fault
Intermittent earth-fault
F|F
Basic + Dir. Sens.earth-f-det. Basic version included
V,P,f REF2) 67Ns Directional sensitive ground-fault detection
67Ns Directional intermittent ground fault protection
87N High-impedance restricted ground fault
27159 Under-/overvoltage
810/U Under-loverfrequency
27Q Undervoltage-controlled reactive power protection
27147159(N) Flexible protection (index quantities derived from
32/55/81R current and voltages): Voltage, power, p.f.,
rate-of-frequency-change protection
Basic + Dir. Sens.earth-f-det. Basic version included 7|
REF2) 67Ns Directional sensitive ground-fault detection
67Ns Directional intermittent ground fault protection
87N High-impedance restricted ground fault
Basic + Dir. Sens.earth-f-det. Basic version included ik
Motor V,P,f REF2 67Ns Directional sensitive ground-fault detection
67Ns Directional intermittent ground fault protection
87N High-impedance restricted ground fault
48/14 Starting ime supervision, locked rotor
66/86 Restart inhibit
51M Motor load jam protection
Motor statistics
27159 Under-/overvoltage
810/U Under-/overfrequency
27Q Undervoltage-controlled reactive power protection
27147/59(N) Flexible protection (index quantities derived from
32/55/81R current and voltages): Voltage, power, p.f.,
rate-of-frequency-change protection
. . . HH
Basic + Sens.earth-f-det. Basic version included
Motor Dir V,P,f REF2) 67/67N Direction determination for overcurrent,
phases and ground
67Ns Directional sensitive ground-fault detection
67Ns Directional intermittent ground fault protection
87N High-impedance restricted ground fault
48/14 Starting ime supervision, locked rotor
66/86 Restart inhibit
51M Motor load jam protection
Motor statistics
27159 Under-/overvoltage
810/U Under-loverfrequency
27Q Undervoltage-controlled reactive power protection
27147159(N) Flexible protection (index quantities derived from
32/55/81R current and voltages): Voltage, power, p.f.,
rate-of-frequency-change protection
V, P, f =Voltage, power, frequency protection REF = Restricted earth fault Continued on
Dir = Directional overcurrent protection Motor = Motor protection next page
IEF = Intermittent ground fault 2) For isolated/compensated networks, only with postition 7=2,6 (sensitive earth current input)
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Selection and ordering data

Description Order No. Order code
1415
SIPROTEC 7SJ66 multifunction protection relay and bay controller 7sJ66 1 -0O000-0II00 D00
ANSI No. Description
Basic + Basic version included RH
Dir. S.EF Motor?) 67/67N Direction determination for overcurrent,
phases and ground
67Ns Directional sensitive ground-fault detection
67Ns Directional intermittent ground fault protection
87N High-impedance restricted ground fault
48/14 Starting ime supervision, locked rotor
66/86 Restart inhibit
51M Motor load jam protection
Motor statistics
27159 Under-/overvoltage
810/U Under-/overfrequency
27Q Undervoltage-controlled reactive power protection
27147159(N) Flexible protection (index quantities derived from
32/55/81R current and voltages): Voltage, power, p.f.,
rate-of-frequency-change protection
Basic + Basic version included HG
Motor Dir V,P,f 67/67N Direction determination for overcurrent,
phases and ground
48/14 Starting ime supervision, locked rotor
66/86 Restart inhibit
51M Motor load jam protection
Motor statistics
27159 Under-/overvoltage
810/U Under-/overfrequency
27Q Undervoltage-controlled reactive power protection
27147159(N) Flexible protection (index quantities derived from
32/55/81R current and voltages): Voltage, power, p.f.,
rate-of-frequency-change protection
Basic + Basic version included HIA
Motor 48114 Starting ime supervision, locked rotor
66/86 Restart inhibit
51M Motor load jam protection
Motor statistics
Measuring/fault recording 0
With fault recording 1
Slave pointer, average values, 3
min/max-values with fault recording
ARC, fault locator, synchro-check 0O
without 0
79 with autoreclose 1
21FL with fault locator %)
79,21FL with 79 and fault locator 3
25 with synchro-check 3 4
25,79, 21FL  with synchro-check 3), with auto reclose, with fault recorder 7

Motor = Motor protection

V, P, f =Voltage, power, frequency protection

Dir = Directional overcurrent protection
IEF = Intermittent ground fault
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SIPROTEC 7SJ66

Selection and ordering data

Temperature monitoring box
RTD-box TR1200 (RS 485) 7XV5662-6AD10
RTD-box TR1200 IP (Ethernet) 7XV5662-8AD10

Varistor/Voltage Arrester

Voltage arrester for high-impedance REF protection
125 Vrms; 600 A; 1S/S 256 C53207-A401-D76-1

240 Vrms; 600 A; 1S/S 1088 C53207-A401-D77-1

Manual for 7SJ66
English C53000-B1140-C383-x

1) x = please inquire for latest edition (exact Order No.)
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Connection diagram

|
BO1 [ 1P3
A L | ] P4
|
|
B BO2 r LI P5
: P6
|
IC BO3 ———1P7
BO4F 1 P8
IN/INs , —__1P9
BO5 L P11
VA BO6F 1 P12
xi ———1P10
| —1 K11
BO7 - 1 K13
V4 : L 1K12
|
|
Life contact ! —) |1
I 1 K16
| BI1 |
|
= |
| BI2 T 1P1
P Suppl ™)
ower Supply _ _ : P2
| BI3 :
Bl4 System Interface : ] B
RJ45 |
tBIS |
|
Service interface [ C
BI6 RJ45 :
4 BI7 |
F10_H = Time Synchronization l A
G — * 4 BI8 RJ45 |
+ [
] + 1 BI9 Front PC Interface |
K3 | 4 BI10 USB |
K4 —Fr—"1—1BI11 :
K5 i +  BI12 |
K6 -——*{3—1BI13 _ | L
K7 ' + L BI14 Grounding on the Rear Wall |
I z, |
K8 C———*{1—1BI15 |
K9 CH———71—1BI16 |
K10 - - |
- |

Fig. 5/151 SIPROTEC 7SJ661 connection diagram
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Connection diagram

IC BO3 —~——— {1 P7
BO4¢>~——+ P8

IN/INs T
BO5 —;i:l P11
VA BO6 ¢-——— I P12
ch; —+{—P10
K

|
S S =i
V4 K12

FI1 [ +H——*1— BI6 Life contact I g K
N K16

F12 33— 4—¢BI7 .

n
N
o

1

U

 +—1+— BI8 +

K1 I + Power Supply )_—:_:I P1
K2 ———F73—1BI9 = \|m——P2
K3 +——+F+—+4BIM0

|
|
C o H— 71— i
K4 ' + BIT1 System Interface I B
K5 , BI12 )45 — |
K6 . + BI13 ,
K7 C_H+—*{1+—¢Bl14 Service interface TR G
K8 :}—:—+|Z)—< BI15 RJ45 : 8
| " |
K9 | ] BI16 Time Synchronization | | ) o
I H—HA— BI17 o
J2 ' + BI18 Front PC Interface |
T
J3 [ —F14BI19 UsB U
J4 : * BI20 .
J5 : * BI21 ' .
J6 [ ++—F1—4¢BI22 Grounding on the Rear Wallé ! .
Ny d— - |
|
' l
I |
I |
I |
I |
L ]

Fig. 5/152 SIPROTEC 7SJ662 connection diagram
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Connection diagram

Q1 [
Q[ 1
Q3[
Q41
Q5[
Q61
Q7 [ H
Qs 1

R1[C—H
R2[_H
R3 [ H
R4}

RS [ H
R6

F1 1
F2[ 1
F3 1
F4 1
F5 1
F6 L1
F7 [
F8 [ H
FOL—F
F10 1
F11
F12 1
K1 [
K21
K3 [
K41
H1 1
H2 1
H3 1
H4 1+
H5 1
H6 L1
H7 1
H8 [
HO [}

R

S

Continue Next Figure

Fig. 5/153 SIPROTEC 7SJ663 connection diagram
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Continue Next Figure



Continue from Previous

Connection diagram

Continue from Previous

BO11 L K13
L K12
| L K14
BO12 K15
! —1K16
I
BO13 —————+[__1 M6
013 - |

BO17 - M13
I M12

) M14

BO18 ¢ 1 M15
—C—IM16

BO19 F%: L6
L7

BO20 -~ 1 L8
BO21F L9
— = 11L10
BO22 |1
BOZ3F C—1L13
1112

—_—— e —— e ——— —a

Fig. 5/154 SIPROTEC 7SJ663 connection diagram
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Dimensions
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Fig. 5/155 Dimensional drawing for SIPROTEC 7SJ66 (housing size 1/3)

5/144 | Siemens SIP - Edition No. 8

150
S —
145
Oo oQO
R P F
Q N K
A
B
c
D
)
Oo oO
Rear View




SIPROTEC 7SJ66

Dimensions

295 172 20

Dimensions in mm
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Fig. 5/156 Dimensional drawing of a SIPROTEC 7SJ66 (housing size 1/2)
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Distance Protection 7SA6

SIPROTEC 7SA6 distance protection relay for all voltage levels

Fig. 6/1

SIPROTEC 7SA6 distance protection relay

Description

The SIPROTEC 7SA6 distance protection relay is a universal
device for protection, control and automation on the basis of the
SIPROTEC 4 system. Its high level of flexibility makes it suitable
to be implemented at all voltage levels. With this relay you are
ideally equipped for the future: it offers security of investment
and also saves on operating costs.

— High-speed tripping time

— Impedance setting range allows very small settings for the
protection of very short lines

— Self-setting detection for power swing frequencies up to 7 Hz

— Current transformer saturation detector prevents non-selective
tripping by distance protection in the event of CT saturation.

— Phase-segregated teleprotection for improved selectivity and
availability

— Digital relay-to-relay communication by means of an inte-
grated serial protection data interface

— Adaptive auto-reclosure (ADT)

Function overview

Protection functions

* Non-switched distance protection with
6 measuring systems (21/21N)

* High resistance ground-fault protection
for single and three-pole tripping (50N,
51N, 67N)

* Ground-fault detection in isolated and
resonant-grounded networks

* Tele (pilot) protection (85)

* Fault locator (FL)

» Power-swing detection/tripping (68/68T)
* Phase overcurrent protection (50/51/67)
 Switch-onto-fault protection (50HS)

* STUB bus overcurrent protection
(50STUB)

* Overvoltage/undervoltage protection
(59127)

 Over/underfrequency protection 810/U)

LSP2318-afp.tif

* Auto-reclosure (79)
¢ Synchro-check (25)
 Breaker failure protection (50BF)
e Thermal overload protection (49)

Control function
¢« Commands for control of CBs and isolators

Monitoring functions

e Trip circuit supervision (74TC)
« Self-supervision of the relay

¢ Measured-value supervision
 Event logging/fault logging

e Oscillographic fault recording
* Switching statistics

Front design

¢ Easy operation with numeric keys

¢ Function keys

* LEDs for local alarm

e PC front port for convenient relay setting

Communication interfaces
¢ Front interface for connecting a PC
¢ System interface for connecting to a control system via various
protocols
—IEC 61850 Ethernet
—IEC 60870-5-103 protocol
— PROFIBUS DP
- DNP 3
1 serial protection data interface for teleprotection
 Rear-side service/modem interface
* Time synchronization via
— IRIG-B or DCF 77 or
- system interface

Siemens SIP - Edition No. 8
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Application

Application

The distance protection relay 7SA6 is non- 20
switched incorporating all the additional lﬁ(()e(lfﬁgte
functions for protection of overhead lines control

and cables at all voltage levels from 5 to
765 kV. B

DI @@%m@-@@?@

(resonant grounding, isolated, solid or
low-resistance grounding) are reliably
dealt with. The unit can issue single or
three-pole TRIP commands as well as
CLOSE commands. Consequently both
single-pole, three-pole and multiple auto-

LSA2504-dgpen.eps

|
|
|
All methods of neutral point connection i |
|
T
|
|

reclosure is possible. Measured/

. . metered CFC Logic
Teleprotection functions as well as values
ground-fault protection and sensitive .
ground-fault detection are included. Supervision (S:irr'f:numcaﬂon LD
Power swings are detected reliably and

non-selective tripping is prevented. The T T T T T T T T e e

unit operates reliably and selectively 1) Teleprotection schemes can use conventional

even under the most d|ff|cu|t network Signa”ng or serial data exchange
conditions.

Cost-effective power system Fig. 6/2 Function diagram
management

The SIPROTEC 4 units are numerical relays which also provide

control and monitoring functions and therefore support the ANSI Ereaaten fmaiens

user in view of a cost-effective power system management. The

. C L Distance protection
security and reliability of power supply is increased as a result of 21/21N &

minimizing the use of hardware. Fault locator

The local operation has been designed according to ergonomic

. 2 . Directional ground-fault protection
criteria. Large, easy-to-read backlit displays are provided. SO 1Y . P

. . . Back t protecti
The SIPROTEC 4 units have a uniform design and a degree S Al BRI S

STUB-bus overcurrent stage

(%]

w

ul

ol @ l
ul

9|2

cl||o

w ~

of functionality which represents a benchmark-level of
performance in protection and control. If the requirements

Power swing detection/tripping

o
o0
N
00
X

for protection, control or interlocking change, it is possible in

the majority of cases to implement such changes by means of

o . . . 85/21 Teleprotection for distance protection
parameterization using DIGSI 4 without having to change the

hardware. Weak-infeed protection

The use of powerful microcontrollers and the application of
digital measured-value conditioning and processing largely sup-

Teleprotection for ground-fault protection

Switch-onto-fault protection

urli(oo]| (N
2]|g||2
(&)
VWIS
=

presses the influence of higher-frequency transients, harmonics

and DC components. Breaker-failure protection

w
o
@
M

Overvoltage/undervoltage protection

w1
e}
=
N
~

Over/underfrequency protection

®
=
Q
c

Synchro-check

Auto-reclosure

@ ®

Trip circuit supervision

~
N
=
(@)

Lockout (CLOSE command interlocking)

Thermal overload protection

Sensitive ground-fault detection

®®®
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Distance Protection 7SA6

Construction

Construction

Connection techniques and housing
with many advantages

s, 2, %5, and "h-rack sizes:

These are the available housing widths
of the 7SA6 relays, referred to a

19" module frame system. This means
that previous models can always be
replaced. The height is a uniform 245 mm
for flush-mounting housings and 266 mm
for surface-mounting housings for all
housing widths. All cables can be con-
nected with or without ring lugs. Plug-in
terminals are available as an option.

It is thus possible to employ prefabricated
cable harnesses. In the case of surface
mounting on a panel, the connection
terminals are located above and below

in the form of screw-type terminals. The
communication interfaces are located

in a sloped case at the top and bottom

of the housing. The housing can also

be supplied optionally with a detached
operator panel (refer to Fig. 6/5), in order
to allow optimum operation for all types
of applications.

Fig. 6/3 Flush-mounting housing
with screw-type terminals

(T

CRCRCRC R

LSP2166-afp.tif

Fig. 6/4 Rear view of flush-mounting housing
with covered connection terminals
and wirings

LSP2244-afp.eps

Fig. 6/5 Flush-mounting housing with plug-in terminals and detached operator panel
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i

Fig. 6/6 Surface-mounting housing with
screw-type terminals

LSP2219-afp.eps

LSP2237-afp.tif

Fig. 6/7 Communication interfaces in a
sloped case in a surface-mounting
housing
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Protection functions

Protection functions

Distance protection (ANSI 21, 21N)

The main function of the 7SA6 is a non-
switched distance protection. By parallel
calculation and monitoring of all six
impedance loops, a high degree of
sensitivity and selectivity is achieved

for all types of fault. The shortest
tripping time is less than one cycle. All
methods of neutral-point connection
(resonant grounding, isolated, solid or
low-resistance grounding) are reliably
dealt with. Single-pole and three-pole
tripping is possible. Overhead lines can be
equipped with or without series capacitor
compensation.

Four pickup methods
The following pickup methods can be
employed alternatively:

e Overcurrent pickup I>>

 Voltage-dependent overcurrent pickup
VII

* Voltage-dependent and phase angle-
dependent overcurrent pickup VI/I/ ¢

e Impedance pickup Z<

Load zone

The pickup mode with quadrilateral
impedance pickup (Z<) is fitted with a
variable load zone. In order to guarantee
a reliable discrimination between load
operation and short-circuit (especially

on long high loaded lines), the relay is
equipped with a selectable load encroach-
ment characteristic. Impedances within
this load encroachment characteristic pre-
vent the distance zones from unwanted

tripping.

Absolute phase-selectivity

The 7SA6 distance protection incorpo-
rates a well-proven, highly sophisticated
phase selection algorithm. The pickup of
unfaulted phases is reliably eliminated.
This phase selection algorithm achieves
single-pole tripping and correct distance
measurement in a wide application range.
Interference to distance measurement
caused by parallel lines can be compen-
sated by taking the ground current of the
parallel system into account.

This parallel line compensation can be
taken into account both for distance
measurement and for fault locating.

Forward

% /Line
| 75
| 74
......................................... 72
Z1B!
Reverse o
\L Z1 i
Load P Line ' Ppist Load
R
2 Forward
g
! &—— Reverse
Fig. 6/8 Impedance fault detection Z< with quadrilateral characteristic
Characteristic ~ Characteristic X
v with pickup @, without pickup ¢,
Fault detection area
Load area Fault detection area
UI>>)- Load area Load area
W1,>) - p< o>
2 R
UI>)- %’
g
§ Fault detection
4 area

Fig. 6/9 Voltage and angle-dependent
overcurrent fault detection V/I/¢

Fig. 6/10 Angle pickup for the V/I/ ¢ fault
detection

Forward —> 2

Reverse \ Line
S \
\\ \

! \\\215 70\ 4 75
75 Z3
Forward
\
4 <— Reverse
Fig. 6/11 Distance zones with circle characteristic
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Protection functions

Seven distance zones

Six independant distance zones and one
separate overreach zone are available.
Each distance zone has dedicated time
stages, partially separate for single-phase

and three-phase faults. Ground faults

are detected by monitoring the ground
current 3Ip and the zero-sequence voltage
3Vp. The quadrilateral tripping charac-
teristic allows use of separate settings

for the X and the R directions. Different

R settings can be employed for ground
and phase faults. This characteristic
offers advantages in the case of faults

with fault resistance. For applications

to medium-voltage cables with low line
angles, it may be advantageous to select
the distance zones with the optional circle
characteristic.

All the distance protection zones can be
set to forward, reverse or non-directional.

2EbhllzaEEERCS

Fig.

Optimum direction detection

Use of voltages, which are not involved with the short-circuit
loop, and of voltage memories for determination of the fault
direction ensure that the results are always reliable.

Elimination of interference signals

Digital filters render the unit immune to interference signals
contained in the measured values. In particular, the influence of
DC components, capacitive voltage transformers and frequency
changes is considerably reduced. A special measuring method is
employed in order to assure protection selectivity during satura-
tion of the current transformers.

Measuring voltage monitoring

Tripping of the distance protection is blocked automatically in
the event of failure of the measuring voltage, thus preventing
spurious tripping.

The measuring voltage is monitored by the integrated fuse fail-
ure monitor. Distance protection is blocked if either the fuse fail-
ure monitor or the auxiliary contact of the voltage transformer
protection switch operates and in this case the EMERGENCY
definite-time overcurrent protection can be activated.

Fault locator

The integrated fault locator calculates the fault impedance
and the distance-to-fault. The results are displayed in ohms,
kilometers (miles) and in percent of the line length. Parallel
line compen