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SIPROTEC 7SD60 Numerical Current Differential Protection Relay

for Two Pilot-Wire Link

Differential protection relay for
overhead lines and cables

Current differential protection
with external summation cur-

rent transformer 4AM49 (87L)

Suitable for use for distances
of 12 km max. via two pilot-
wires

Differential protection can be
combined with overcurrent
release

Pilot-wire monitoring function
Bidirectional remote tripping
Circuit-breaker intertripping at
the remote station

Seal-in of the TRIP command
until manual reset (Lockout
function)

Minimal current transformer
requirements due to integrat-
ed saturation detector

Restraint againstinrush/unde-

layed trip for high differential
faultcurrents

Operational measured values

Local and remote current
Differential current
Restraint current

Monitoring functions

Hardware
Firmware
Spill current supervision

Hardware

Auxiliary supply voltages
24,48V DC

60, 110, 125V DC
220,250V DC, 115V AC
Local operation by means of
integrated keyboard

LCD display for settings and
analysis

Housing

flush-mounted housing 1/6
19"7XP20

surface-mounted housing 1/6
19"7XP20

Differential protection
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SIPROTEC 7SD60 Numerical Current Differential Protection Relay
for Two Pilot-Wire Link

Description

Application

The 7SD60 unit is a numerical
current differential protection
relay, simple to set, operating
in conjunction with the remote
station via a two pilot-wire link.

It is connected to the primary
current transformers via an ex-
ternal summation current
transformer. The unit operates
internally on the summated
current taken from the second-
ary side of the summation cur-
rent transformer. The link to
the remote station is realized
by means of a pair of symmet-
rical pilot-wires allowing dis-
tances of up to approximately
12 km. Adaptation to the pi-
lot-wire resistance is effected
by means of software within
the unit. Therefore matching is
not necessary.

The primary field of application
of the unit is protection of
short overhead lines and ca-
bles with two line ends. How-
ever, transformers and reac-
tors may be located within the
protection zone. The unit can
be fitted with inrush restraint
in such cases. A differential
protection instantaneous trip-
ping stage is also provided in
this case. Vector group adapta-
tion is not effected inside the
unit and must, if necessary, be
effected by means of a match-
ing current transformer.

The 7SD60 can be fitted with a
pilot-wire monitoring function.
In addition to monitoring the
pilot-wire link to the remote
station, this also includes
bidirectional circuit-breaker
intertripping and a remote trip-
ping command.

This unit substitutes the
7SD24 steady-state differential
protection. However, direct
interoperation with the 7SD24
is not possible. On replace-
ment of a 7SD24, its external
summation current trans-
former can be used as the in-
put transformer for the 7SD60.
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The compact 7SD60 protec-
tion relay contains all the com-
ponents for:

* Measured value acquisition
and evaluation

» Operation and LCD indica-
tions

¢ Alarm and command con-
tacts

« Input and evaluation of binary
signals

» Data transmission via the
RS485 bus interface
* Auxiliary voltage supply
The primary current transform-
ers are connected to the
4AM49 summation trans-
former. At the rated current
value of either 1 A or 5 A this
outputs a current of 20 mA
which is measured by the
7SD60 unit. The summation
current transformer is supplied
together with the protection
unit if so ordered.

The unit can be supplied in
two different housings. The
one for flush mounting in a
panel or cubicle has connec-
tion terminals at the rear.

The version for panel surface
mounting is supplied with ter-
minals accessible from the
front. Alternatively the unit can
be supplied with two-tier ter-
minals arranged above and be-
low the unit.

The following functions are in-
tegrated:

* Current differential protec-
tion with adjustable trip
value lpi>

» Differential protection with
combined trip release
(lo=>and I)

« Detection of current trans-
former saturation due to ex-
ternal faults.

In consequence: Increased
restraint of differential pro-
tection.

e Inrush restraint with instanta-
neous tripping stage

* Seal-in of the trip command
until manual reset (Lockout
function)

* Pilot-wire monitoring

» Circuit-breaker intertripping
to the remote station

* Remote tripping command
via a binary input

Improved measuring
methods

By means of digital measured
value processing, in particular
through use of numerical fun-
damental frequency filters, the
interference effects of DC
components in the instrument
transformer circuits and other
transient components in the

differential current is practically

filtered out. By that, use of
sensitive settings of the pro-
tection unit is possible, even
under difficult conditions.

erate precisely and have no
negative effect on the
long-term stability, are em-
ployed for detection of the in-
rush condition.

Continuous self-monitoring

Both the hardware and soft-
ware of the unit are continu-
ously self-monitored. High
availability is thus ensured.

Event-logging with
time-stamp

The 7SD60 unit makes avail-
able extensive data for analy-
sis of faults and for supervision
of the operating conditions.
The messages are time-
stamped and stored in various
memories.

« Fault indications (fault logs)
The last three fault logs are
always available on request.
All the events associated
with differential protection
tripping are recorded on a
millisecond time resolution.
Whenever a new fault opera-
tion occurs, the oldest one
stored is overwritten.

« Operational indications
(event logs)
All operational indications are
stored in a circular buffer.



Operational measured values

Two measured values can be
displayed simultaneously on
the LCD display. The following
measured values are available
for supervision and commis-
sioning purposes:

* The summated current at the
local relay (which is a replica
of the symmetrical operating
current of the line)

¢ The calculated summated
current of the remote end

« The differential current of the
line. This is the difference of
the summated current of the
local relay and the summated
current of the remote end.

« Pilot-wire resistance (for
commissioning and setting)

 The angle between the
summated currents (for com-
missioning)

« Restraint current

Testing aids

The protection unit facilitates
testing and commissioning for
the user. Numerous test func-
tions, which can be activated
either by means of the opera-
tor keys or by means of the
DIGSI PC program, have been
integrated in the unit. Entry of
a password is required for
some of the tests. The follow-
ing testing aids are provided:
* Measured value display of
the operational values

« Interrogation of the status of
binary inputs, LEDs

« Circuit-breaker trip test
Operation of the trip relay by
means of operator keys.
Previous entry of password
necessary.

Freely assignable inputs and
outputs

A number of messages, e.g.
blocking of a function via a bi-
nary input or the TRIP com-
mand (which is assigned to a
command contact) are avail-
able within the unit. Com-
monly used messages are pre-
assigned, so that normally
there is no need to alter the in-
puts and outputs.

Nonetheless, provision has
been made for “OR linking” by
the user of up to 10 messages
to a binary input. Up to 20
messages can be simulta-
neously assigned to a com-
mand and alarm relay or to a
LED.

Opt -~ RS485 Protection Protection Protection
RS232 .. RS485 device 1 device 2 device 31
Converter 7SD60 7SD60 7SD60
A Terminator
[N N 29 N N 29 N N 29 120 Q
B ( \ ( \ ( \ 7 (line de-
. 2\ 28R 28R i 282 pending)
n
S z7a [ Jra L] 1275
RS232 \l

Fig. 4

11+

Bus communication via RS485 interface

Serial data transmission

As standard, the unit is fitted
with an RS485 interface. This
is suitable for connection to a
bus and allows connection of
up to 32 devices via a two-wire
serial interface (use of a third
core for earth is recom-
mended). A PC is connected
via this interface using an
RS232<->RS485 converter,
thus allowing use of the DIGSI
operator program, by means of
which PC-aided planning, pa-
rameter setting and evaluation
can be performed. By this
readout it is also possible to
output the fault recordings
stored by the unit on occur-
rence of faults.

Using a RS485<->820 nm opti-
cal converter as an accessory
(7XV5650, 7XV5651), it is pos-
sible to provide an interfer-
ence-free and isolated link to a
central control system or a re-
mote control system employ-
ing DIGSI, thus allowing imple-
mentation of economically via-
ble configurations, e.g. for re-
mote diagnostics.

The serial interface can also be
set in the IEC 60870-5-103
mode (VDEW - Association of
German Utilities - interface),
thus allowing integration of the
unit in a station control system.
However, only 2 messages
(ready for operation and the
trip signal) and the fault record-
ing are available. For this rea-
son use of the 7SD502 unit is
recommended in those cases
in which integration in the sta-
tion control system is a prime
consideration.

LSA2001a eps
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SIPROTEC 7SD60 Numerical Current Differential Protection Relay
for Two Pilot-Wire Link

Description

Easy setting

Menu-driven setting is carried
out via the integrated operator
panel and the LCD display.
Setting by means of the DIGSI
program is, however, much
more user-friendly. In the latter
case all the PC functions of the
DIGSI standard program, which
is common to all SIPROTEC
units, are available. An eco-
nomic version DIGSI-Light is

available for the 7SD60, 7SJ60 z
i ] walve of differrekisl carrent
and 7RW60 units. 'm e i
Fod harmenic costerd im the difFerent. current
Hax. difl correst Par 2vd harmmic restraint

Fault recording Win. Lesal circenl D1 Do reledss Crig By BIOF
S . Thime delay of diFferential pratsction

Fault recording is carried out ftate of T8¢ inteverip send Faneclm

on tripping by the differential fend wigesl proloagstlen far Interteip

relay. The instantaneous value DiFF correak threskald far Spill Secreak g,

Time delay Far Spill Cerrent sugereisian

of the summated current of
the local relay and of the re-
mote relay are recorded in ad-
dition to the differential current
and the restraint current.

Triggering of fault recording
from the PC is also possible
for test purposes.

Up to eight faults in total can
be saved at any one time. The
oldest of these is overwritten
whenever a new fault is re-
corded.

Total fault memory time is 5 s. \l/

Local Remote
operation operation

Fig. 6
Central operation via DIGSI
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Functions

Mode of operation of the dif-
ferential protection relay

An external summation cur-
rent transformer 4AMA49,
which can be supplied as an
accessory eitherinal Aora
5 A version, allows connection
of any secondary currents of
the primary current transform-
ers (see Fig. 7). The standard
ratios of the three primary
windings of the summation
current transformer are
ILL:IL2:IL3 =5:3:4
(IL1:1L3:1L0=2:1:3) (see Fig. 9).
In consequence the sensitivity
of the tripping characteristic
for single-phase faults is ap-
preciably higher in comparison
to that for two-phase and
three-phase faults. Since the
current on such faults is often
weak, an amplification factor
of 1.7 to 2.8 referred to the
symmetrical response value is
achieved.

Other sensitivity values can,
however, be obtained by alter-
ing the connections at the
summation c.t.

With a symmetrical three-phase
current of 1 x I, the secondary
current of the summation cur-
rent transformer is 20 mA.

The 7SD60 measures and
digitalizes the summated
current Iy, of the local relay by
means of a sensitive current
input (see Fig. 9). A voltage
drop occurs across a fixed-
value resistor R; installed in
the unit. With a through-
flowing load or a through-
flowing short-circuit current,
the voltage drop at both ends
of the line is approximately
equal but of opposite polarity,
so that no current flows
through the pilot-wire. On oc-
currence of an internal fault,
different values are obtained
for the voltage drop across R,
at both ends. In consequence
a current |, flows through the
pilot-wire, which is measured
by means of the current trans-
former. In conjunction with the
pilot-wire resistance (available
as a parameter in the unit) and
the internal resistor R, it is
possible to calculate the differ-
ential current from the meas-
ured current flowing through
the pilot-wire. As soon as an
adjustable value is reached,
the protection relay trips the
line at both ends.

Matching of the sensitivity of
the unit for different values of
pilot-wire resistance is ef-

fected by the firmware of the
unit during parameter setting,

4AM4930 summation
current transformer

T

Fig. 7

7SD60 Line differential protection for operation with two pilot wires

I pif
INLine

] [ 7SD60
station 1
Pair of pilot wires,
max. 12 km
4AM4930 summation
current transformer 2
] [ 7SD60 5]
station2  |S
Slope %3

Trip

LSA2366 eps

IRestraint

‘\\'
21 < 1\\\\\\\\ \
1 Setting lpift> x Additional
- 7 restraint area
e - & -
- T T T T T T T T
1 2 3 4 5 6 7 8 9
2.5 fixed invariable INLine
I pift = lu+ 1o
IRestraint = [l1] + [I2]

I

current at local relay end of line, current flowing into the line is positive

12 = current at remote relay, current flowing into the line is positive
InLne = rated current of the line

Fig. 8

Trip characteristic of differential protection

so that time-consuming
matching of the pilot-wire re-
sistance is unnecessary.

Trip characteristic of the
differential protection relay

The main function of the unit is
current comparison protection.
The trip characteristic is fixed
and takes into account both
the linear and the non-linear er-

rors of the current transform-
ers. Itis only necessary to set
the tripping value Ipi (See Fig.
8), although the standard set-
ting is suitable for most appli-
cations. It should be
parameterized according to the
rated current of the line; sensi-
tive setting is possible even
when the current transformer
rated currents and the line

rated currents differ by as
much as a factor of 2. Differ-
ences in the current transfor-
mation ratios at the ends of
the line must, however, be
compensated for by means of
external matching current
transformers.

In some cases this can be real-
ized by the summation current
transformer.
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SIPROTEC 7SD60 Numerical Current Differential Protection Relay

for Two Pilot-Wire Link

Functions

Overcurrent release / differ-
ential current monitoring

The differential protection
function can be combined with
an additional overcurrent re-
lease. To this end the criteria
,overcurrent* and , differential
current* are linked logically so
that a TRIP command is given
out by the differential function
only when a differential
current and an overcurrent co-
exist. By this means it is often
possible to avoid malfunction-
ing due to pilot-wire
short-circuit or wire-break of a
connection between a current
transformer and the summa-
tion current transformer. For
this purpose the 7SD60 is fit-
ted with an additional differen-
tial current monitoring func-
tion, which can effectively
block the differential protec-
tion after a delay of some sec-
onds on reaching of an adjust-
able value of differential cur-
rent in conjunction with simul-
taneous operational current Iy,
within the load range.

Saturation detector

Improved stability on sin-
gle-ended saturation of the pri-
mary current transformers is
ensured by means of an inte-
grated saturation detector. It
provides additional stability
during external faults. 5 ms are
enough time to measure an
external fault due to a high re-
straint and small differential
current. Indication is done
within the additional restraint
area (see Fig. 8). If -due to c.t.
saturation - the differential cur-
rent flows into the trip area,
the differential trip is blocked
for a certain time. Transient
saturation of current trans-
formers caused by transposed
DC components in the
short-circuit current can thus
be recognized. As a result the
requirements on the current
transformers are reduced so
that they are only required to
conduct the steady-state
through-flowing short-circuit
current without saturation.

6 Siemens SIPROTEC 5.2 [1999

Pilot-wire link / pilot-wire
monitoring

The link to the remote station
comprises a symmetrical pair
of wires (e.g. telephone lines).
The maximum permissible dis-
tance between two stations is
approximately 12 km.
4AM9513 isolation units can
be employed for potential iso-
lation against interference in-
duced by longitudinal voltages
where the pilot-wires run par-
allel to power cables over long
distances.

Since the pilot-wires form an
integral part of the differential
protection, these are normally
monitored continuously. This
function is available as an op-
tion. To achieve this, 2 kHz
pulses with a defined pulse-
width ratio are transmitted to
the remote relay via the pi-
lot-wires. Detection of a fault
in the pilot-wire link results in
blocking of the differential pro-
tection.

Circuit-breaker intertripping /
remote tripping

Normally tripping is effected at
both stations as a result of cur-
rent comparison. Tripping at
one end only can occur when
an overcurrent release is used
or with short-circuit currents
only slightly above the tripping
value. Circuit-breaker intertrip-
ping can be parameterized in
the unit with integral pilot-wire
monitor, so that definite trip-
ping at both ends of the line is
assured.

In addition, it is possible by
means of a binary input to out-
put a remote tripping com-
mand for both directions. The
command transmission time is
approximately 80 ms.

Lockout of the TRIP com-
mand with manual reset

The TRIP command can be
locked-out after tripping. In
particular, in the case of trans-
formers within the protection
zone, reclosure of the line is
normally effected only after
the cause of the fault has been
ascertained by the user. Man-
ual reset is possible either via
the operator panel (with pass-
word) or via a binary input. As
a result premature reclosure of
the circuit-breaker is pre-
vented. The logic state of the
TRIP command remains
stored even during failure of
the auxiliary supply voltage so
that it is still present on resto-
ration of the auxiliary supply
voltage.

Inrush restraint / instanta-
neous tripping stage

Where transformers or reac-
tors are located within the pro-
tection zone, inrush restraint
can be supplied as an option.
This inrush restraint evaluates
the second harmonic of the
differential current, which is
typical for inrush phenomena.
If the second harmonic value
of the differential current re-
ferred to the fundamental fre-
guency exceeds a preset
value, tripping by the differen-
tial protection is blocked. In
the case of high-current inter-
nal faults, whose amplitude
exceeds the inrush current
peak, tripping can be carried
out instantaneously.

Vector group adaptation is not
effected inside the unit and
must, where necessary, be
brought about by means of an
external matching transformer
scheme.



Connection examples

CAUTION!

The pilot wires may neither
be earthed nor fitted with
voltage arresters.

4AM4930 summation
current transformer

Remote
Summation trip
current
transformer

Pilot-wires
monitoring

qiEaa

BI2 BI3

V% < | \/#
BI1
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SIPROTEC 7SD60 Numerical Current Differential Protection Relay
for Two Pilot-Wire Link

Technical data

Inputcircuits

Auxiliary voltage

Command contacts

Signal contacts

Binary inputs

Serial interface
(Isolated)

Construction
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CE-conformity, standards

Insulation tests

EMC-tests;
Immunity
(type tests)

EMC-tests; emission
(type tests)
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SIPROTEC 7SD60 Numerical Current Differential Protection Relay
for Two Pilot-Wire Link

Technical data (continued)

Vibration and shock stress
during operation

during transport

Climatic stress

EN 60255-6

IEC 60255-6

DIN VDE 0435 Part 303

Line differential protection

All current values refer to the sym-
metrical current using standard
connection.

10 siemens SIPROTEC 5.2 1999




Remote trip

Tripping of the remote end
circuit-breaker for units with
pilot-wire monitoring only

Lockout function

Additional functions

4AM4930 summation current
transformer
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SIPROTEC 7SD60 Numerical Current Differential Protection Relay
for Two Pilot-Wire Link

Selection and ordering data
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Circuit diagram
. _____________________________________________________________________________________________________________________|

Flush- mounting case
—

. 1 Pilot-wire connection

Summation c.t.
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SIPROTEC 7SD60 Numerical Current Differential Protection Relay
for Two Pilot-Wire Link

Dimension drawings
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Conditions of Sale and Delivery

Subject to the

General Conditions of Supply
and Delivery

for Products and Services

of the Electrical and Electronic
Industry and to any other
conditions agreed upon with
the recipients of catalogs.

Export Regulations

The technical data dimensions
and weights are subject to
change unless otherwise
stated on the individual pages
of this catalog.

The illustrations are for
reference only.

In accordance with present
provisions of the German
Export List and the US
Commercial Control List,
export licences are not
required for the products
listed in this catalog.

Responsible for

An export licence may
however be required due to
country-specific application and
final destination of the
products.

Relevant are the export criteria
stated in the delivery note and
the invoice subject possible
export and reexport licence.

Subject to change without
notice.

Technical contents: Norbert Schuster
Siemens AG, EV S V13, Nirnberg
E-mail: norbert.schuster@nbg6.siemens.de

General editing: Claudia Kiihn-Sutiono

Siemens AG, EV BK T, Erlangen

We reserve the right to adjust
the prices and shall charge the
price applying on the date of
delivery.

AEn1.9la

Trademarks
|

All product designations used
are trademarks or product
names of Siemens AG or of
other suppliers.

Dimensions

All dimensions in this catalog
are given in mm.
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