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SIEMENS
Objectives of this Brochure

= Objective
The following examples give an overview of the requirements for protection
devices in medium-voltage systems with solution references.

= Notes on the use of this brochure
First select a subject in the footer.

The starting situation is shown in the upper part.
The bottom part points out various possible solutions.

In due case, reference is made to further pages.

With this document, we are providing solution references from the field of
protection technology for your successful application.
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The Protection System

SIEMENS

When designing the protection for the respective protected object, not only the
protection device shall be considered, but the entire protection system.

In particular, the current transformers must be designed such that even for the maximum
short-circuit current, the protection device is supplied with adequately precise secondary

currents over a sufficiently long period of time to clear the fault.

| CB Circuit breaker* | Instrument Transformer
CT, PT

| \ = _ / Line

Connection
cable*

BB

| Protection device |

The system is as strong as its weakest link!

IEC-ANSI-Symbols

* These components are
not elaborated in detail
in this brochure.
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Redundancy principle

SIEMENS

Protection systems are normally designed such that the failure of one component

can be "overcome" ("n-1 principle").

Depending on the degree of redundancy, concessions with regard to tripping time

and/or selectivity are acceptable.

Example 1: Protection grading
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Example 2: Backup protection

If the differential prot. (87L) fails,
the time overcurrent protection (50) will
trip with time delay.
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Current Transformers

The current transformers must be designed such that they can transfer the maximum
short-circuit current in nearly non-saturated condition for a certain period of time while
the protection correctly evaluates the fault. A precise calculation of this time is only
feasible by a dynamic simulation (e.g. with CTDim). Alternatively, however, the actual
accuracy limiting factor of the transformer can also be determined.

Current transformer
designation:

5P 10; 15VA

Transformer rated power

Nominal accuracy limit factor

Core type: P = Protection
M = Measurement

Maximum fault in %
at Koo X |y

Current transformer rating:

. R.+R
KSSC = KSSC ' ot -
Rct +R|_tg +R

relais

K'ssc = Effective sym. short-cct current factor

Kssc = Rated sym. short-circuit current factor
R, = Current transformer burden

R, = Rated resistive burden

Ry, = connection cable burden

R..is = Relay burden
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Neutral Point Treatment

In central Europe, medium-voltage systems are predominently operated in compensated condition, i.e. the
starpoints of the three-phase system are grounded via an arc compensating coil (Petersen coil).

This way, the single-pole fault current (ground fault current) is largely compensated by the inductive current
in phase opposition so that most ground faults quickly disappear on their own (overhead line system).
Even in continuous ground faults (cable system), in case of single-pole faults the operation can continue
for the time being. At the same time, however, the ground fault must be located, as the increased voltage
of the sound phases entails the risk of double ground faults which then must be switched off as soon as
possible.

The size of a compensated system is limited by the permissible uncompensated ground fault I :

at 6kV to 30kV to | < 600A, at 110kV to I < 1500A.

Systems of smaller size (i.e. systems of industrial plants) may even be operated in an isolated manner,
provided the capacitive ground current (cable data per unit length) of the system does not exceed 50A.
Also in this case — just like in the compensated system — the operation will continue in the event of ground
faults for the time being.

Low-ohmic (grounded) systems limit the short circuit current. Single-pole faults (ground fault in solidly
grounded system) have to be tripped as soon as possible.
This is easy on the equipment, but it may mean that consumer loads are disconnected abruptly.
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Neutral Point Treatment
"low-ohmic grounded system

System with resistive
grounding:

In the low-ohmic grounded system, ground faults cause short-circuit-type fault currents to flow which
are limited by the neutral point resistance and are switched off in accordance with the grading
coordination chart of the system.

The fast tripping off of ground faults may cause consumers to be disconnected. However, the quick
elimination of faults helps preserve the equipment.
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Neutral Point Treatment SIEMENS
"isolated system"
Isolated system:

> oy L1
\4
E T o
d—d-

The ground current | flows back to the neutral point via the fault location.

Based on the phase angle of this current to the simultaneously occurring displacement voltage, the
direction can be determined in which the ground fault — with regard to the transformer installation site —
located.

Depending on the total cable capacity, the ground current I can be detected via Holmgreen connection or
by means of core-balance current transformers.

If the size of the system is too great (I > 50A), the neutral point must no longer be used in an isolated
manner because otherwise the arc will no longer be self extinguishing.
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Ground Fault Detection
"isolated system"

Neutral point treatment:

E non-grounded -> isolated system

SIEMENS

= Ground fault = ,
no short circuit

= Operation continues for the time being
= Ground fault must be reported and eliminated as soon as possible

Radial system: 4 forward

l backward

Energy flow directio

D directional earth-fault relay, sin ¢ method

Determination of direction:

Phase angle between capacitive current (cable data

per unit length) and displacement voltage
Holmgreen connection or cable-type current
transformer, depending on the level of capacitative
current!

Sensitive ground current input at protection device
required!

Meshed system:
|

5~

O

D transient earth-fault relay
Ground fault is present on that line at the end of which
both transient earth-fault relays indicates "forward".

Determination of direction:

Evaluation of phase angle of ground current
and displacement voltage (1st half-wave) at the
time of ground fault occurrence

CT connection: Holmgreen connection Page 9
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Neutral Point Treatment SIEMENS
"resonant-grounded system"

Resonant-grounded
system:

The ground current | flows back to the neutral point via the fault location and is (nearly) compensated by
the inductive compensating current |, of the Petersen coil. Thus,

at the location of the ground fault, merely the remaining ground current |, flows which can be reliably
measured only by a core-balance current transformer. The direction of the ground fault can be determined
from the phase angle of the active component of this ground current |, to the displacement voltage present
at the same time.

The phase-to-ground voltages of the fault-free phases increased by V3 burden the cable insulation and can
cause a double ground fault (short-circuit current!). If such double ground fault occurs before the single
fault has been located, this is an indication of rotten cables. In this case it should be considered to ground
the neutral point of the system via a resistance.
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Ground Fault Detection

"resonant-grounded system"

Neutral point treatment:

Grounded via Petersen coil
-> compensated or
L resonant-grounded system

SIEMENS

=Ground fault =
, no short circuit

= Operation continues for the time being

= Ground fault must be reported and eliminated as
soon as possible

Radial s stem' 4 forward

l backward

Energy flow dlrectlon

D directional earth-fault relay, cos ¢ method
(wattmetric)

Determination of direction:

Phase angle between residual wattmetric

current and displacement voltage

Core-balance current transformer required!

Sensitive ground current input at protection
device required!

Meshed system:

= |

O

D transient earth-fault relay

The ground fault is located on that line at which
ends both interval time relays indicate "forward".
Determination of direction:

Evaluation of phase angle of ground current
and displacement voltage (1st half-wave) at the
time of ground fault occurrence

CT connection: Holmgreen connection Page 11
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Radial System

Radial systems distribute the energy from the feeding point to the consumers. However, in case of a
protection trip, all downstream consumers will be disconnected. Switching over to another line these
consumers can be supplied again.

Because of the one-end infeed and unmeshed topology, a radial system is easy to protect.
Nevertheless there is a variety of possible solutions:

» Usually a grading of is sufficient. A disadvantage of this
solution is the increase of tripping times in the direction of the infeed, the location with the highest short
circuit power. Due to the increased tripping time, also the number of downstream stations is limited. The
upstream relays also represent a backup protection for the downstream devices. Moreover, this system
structure can be used for the busbar protection by reverse interlocking.

» An alternative protection concept with minimum tripping times is provided by
Line differential protection relays (87L) protect the connection between the stations at high speed.
The protection of busbar itself requires additional consideration (compare busbar protection). Also the
backup protection concept must be considered separately. For the reason of hardware redundancy the
integrated definite-time overcurrent protection (50) function of the differential protection devices(87L) should
not be used for the same section of the system.

» Of course, the radial system can also be protected by means of provided
that the distances between the stations allow correct grading of distance zones. Faults can be tripped at
high speed in most cases.

For busbar protection the principle of reverse interlocking can be used. By overreaching the zones and
distances, the backup protection can be implemented easily. However, distance protection devices do
require voltage transformers (at least on the busbars).
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Radial System

Example: Industrial system

Only those protection relays
in regard to the topology are
shown.

Infeed 1 Infeed 2

IRRYIEE SR IRPPL
5355 5050

§3653L T LLid

Emergency connection

b r--------- - - =-===---"--"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"---
Busbar protection by reverse interlocking
m’ @ @ @ via additional DT (definite time — ANSI 50) or
integrated reserve DT (ANSI 50) (at Al = ANSI 87L) Page 13
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Ring Network

Ring networks are used primarily in industrial plants because they permanently supply all stations
with electrical energy from two sides. This allows faults on connection cables to be selectively
switched off without disconnecting the consumers.

The bilateral or multilateral infeed requires higher efforts on the protection scheme as the fault
current can flow in both directions, i.e. non-directional overcurrent protection relays are unsuitable
as main protection.

» Ring networks are usually protected by means of . This way, faults on connection
lines between the stations are disconnected at high speed. The non-directional definite-time overcurrent
protection function contained in this relay can be applied for a backup protection concept, however, it is not
an option for a busbar protection with reverse interlocking.

So the use of 7UT6 or 7SS60 presents itself as useful for busbar protection, but here, too, some thought
must be given to the question of backup protection.

» As an alternative, ring networks can also be protected by . For this purpose,
are used which, however, require voltage transformers
as well as a communication link to the respective partner device at the opposite end of the line. The busbar
protection can be realized with this relay by means of reverse interlocking. By the overreach grading of
neighboring sections of the system, a backup protection concept can be set up at the same time in which
restrictions with regard to the selectivity may occur.

» Of course, ring networks can also be protected by means of provided that the
distance between neighboring stations allows a correct grading of distance zones. With this device, faults
would in most cases be switched off at high speed. An option for the protection of the busbars again is the
principle of reverse interlocking. Due to grading of the (50) relays in neighboring sections of the system, the
backup protection is included. However, distance protection devices also require voltage transformers.
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SIEMENS
Ring Network

Example: Industrial system

Only those protection relays
in regard to the topology are

(N (N
) Infeed 1 Infeed 2 K | shown.
& &

1313 XT3
I

56650 554

@ (87L) Line differential protection (7SD61, 7SD80))
(87BB) Busbar differential protection (7UT6)

é évl) é éﬂ) %' > 7) Directional DT overcurrent protection (7SJ62) ? (,\5 (,\5

Saal
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Time-Overcurrent Protection SIEMENS

The time-overcurrent protection (50/51) detects faults based on the current magnitude
and trips after the delay time has expired. Time-overcurrent protection devices work
either with sharply defined current thresholds (50) or an inverse trip characteristic (51).
Modern digital devices work phase-selectively and have designated setting values for
ground faults.

Definite time:

t [sec]
2.0 1 = The 50 requires a minimum
of 3 current inputs, and optional an
1.5 4 TRIP AREA earth current input
= No voltage acquisition =
1.0 Frrrreeemrrnnnnnrnaanaanansl L no direction determination
i = Easily settable through time and
0.5 current thresholds
y ; ; . - E y X Irated
0.5 1.0} 1.5 20 * 25
1> 1>>

Trip characteristic of a two-stage (50) protection
(definite time-overcurrent)
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Time-Overcurrent Protection (51) SIEMENS

The inverse time-overcurrent protection 51 is used preferably outside of Germany
as its tripping time is variable, depending on the current magnitude.

Relay operating characteristics and their settings must be carefully coordinated to
achieve selective tripping

Inverse time :

The 51 requires a minimum
of 3 current inputs, and optional an
earth current input

No voltage acquisition =
no direction determination

Variable, inverse-current-dependent
tripping time

Characteristics according to IEC,
ANSI or BS (British Standard)

51 characteristic diagrams (exemplary)
(inverse time-overcurrent protection) Page 17
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Time-Overcurrent Protection (50)

Main applications:

The 50 can be used as main protection as soon as the values of operating current and
fault current are clearly differentiable.

Selectivity is reached by grading the delay times.

Line Protection
Application Examples: < >
PP P = Use of 50 as line protection possible in case of one-
side power supply and radial system structure.
@ @ @ = Disadvantage: highest tripping time at infeed point
%— -= - - = - - =1 @Motor protection
50 * I 50 * I 50 * I = Use of 50 on motors as short-circuit protection.
= = Modern digital 50 devices usually comprise further
t=600ms protection functions for motors, such as e.g.

overload protection (49).

Transformer protection

= Use of 50 as main protection of transformers
(up to ~ 5 - 10MVA).

= High-current stage |>> acts as instantaneous short-
circuit protection on the high-voltage side, overcurrent
stage I> as backup protection for the low-voltage side

= Additional function "thermal overload protection" (49)
protects against overload of the transformer.  page 18
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Time-Overcurrent Protection as Motor Protection

Modern digital time-overcurrent devices also possess additional protection functions to
protect medium-voltage motors. By means of so-called "RTD boxes", the temperatures
of critical points of the motor (e.g. bearings) can be detected and monitored. This way,
especially the sensitivity of the thermal overload protection can be increased.

y RTD-Box
L2 - , - 7XV5662-6 RS 485
L3 } |——H—| e 4 - 7XV5662-8 Ethernet
i L .
J L3
a s
—/
i EZ lo
Lﬂ‘ =

RS 485/Ethernet

Page 19
up to 12 thermal elements
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Time-Overcurrent Protection

Backup protection applications:

Being a low-price, simple protection, the 50 protection is predestined as backup
protection. Upon failure of the main protection, the 50 has the ability, in a higher grading
time, to trip faults, at least those of high current intensity, and thus prevent damage of
the primary equipment. Even a lack of selectivity may be acceptable then.

@ @ Backup protection for line diff. protection (87L)

= Blocking of the 50 elements as long as the line

Examples:
<P
I

differential protection is active.

= Hardware redundancy compared to integrated backup
protection function of line differential protection

= in case of grading of the 50 device, lower selectivity
may be possible

Backup protection for transformer diff. protection

* Hardware redundancy compared to integrated
backup protection function of transformer
differential protection
» Permanent activation as backup protection possible
as differential protection quicker than 50
= Settings same as for 50 as main transformer protection,
high-current element I>> slightly delayed (approx. 50ms)

Page 20
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Directional Time-Overcurrent Protection (67) SIEMENS

The directional time-overcurrent (67) protection determines the direction of current
flow based on the phase angle of current and voltage and, in addition to the non-
directional (50) overcurrent elements, offers directional ones. This allows the current
thresholds and delay times to be different for the two directions.

Main applications are parallel lines and lines supplied from both sides.

~B- Direction of supply
I

Example for Parallel line: I

In case of one-side supply via a parallel line, a fault in a line is
also fed via the parallel line and thus by feedback from the
opposite end.

A directional overcurrent protection(67) can trip a fault current
flowing against the supply direction at high speed since this
cannot be the operating current.

300ms

e TS

’___‘éu__ teunnnge
1
w
=)
=]
3
7]

t = Oms

Lo

Page 21
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Directional Time Overcurrent Protection SIEMENS

Lines supplied from both sides (see Ring networks) can be protected with directional
relays (67). For this purpose, the grading ensues from both infeeds in opposite
directions. At the two outer ends, a non-directional (50) each is sufficient.

Example: Line supplied from both sides

As with the grading of non-directional devices (50), the grading cannot be applied to
an unlimited number of relays, because otherwise the delay time would exceed the
permissible grid stability limit.

Page 22
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Directional Comparison Protection (67) SIEMENS

Directional relays (67) placed at the beginning and end of a line section can trip any
system faults in between without delay provided they receive information from the
opposite side in which direction the relay sees the fault. If both devices see the fault
in forward direction, they will trip without delay. This protection principle requires a
communication link between the two relays of each section!

A B C D
, o oL .
% X/ | % X/ % X
[1>18[@———€art I>tg @t I>,t8 - p——@[ € I>.{ Legend:
1>,t8 @l>t 1>ty & ::: 1>t 1>t 9] 67
I>,t I>,t 1>t A 1>t 1>, Bt 50
>t 1>t 1>t 1>t 1>t 1>
R1.1 R1.2 R 21 R2.2 R 3.1 R3.2
The information that the fault is located in "backward" direction is transferred to the partner device by the
communication link. This device will then block the directional, instantaneous tripping element,
the protection operates with "normal" grading time.
In the faulty line section, both devices will see the fault in "forward" direction. The directional high-speed
element will not be blocked, the fault will be switched off instantaneously. Pade 23
age
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Line Differential Protection (87L) SIEMENS

The line differential protection (87L)is used to protect strictly selective areas at high
speed. The simple measuring principle of current comparison requires a
communication link between the partner devices.

While in former times, analog measured values used to be transmitted via pilot wires,
modern devices use the advantages of digital communication.

P 0 Y\ s
[ 774 I 87L e
\ Communication link

Advantages: Drawback:
= Simple measuring principle = Requires reliable communication
= Requires current transformers only link to the remote end
= No grading time (fast tripping)
= Strictly selective

Page 24
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SIEMENS
Line Differential Protection (87L)

SIPROTEC 4 line differential protection devices (87L) can protect system configurations with
up to six ends. While the 7SD61 or 7SD84 are designed as a two-end protection, the 7SD5
(7SD52/53) or 7SD8 (7SD86/87) relays provide two active interfaces for exchanging data with
the partner devices by means of digital communication in ring or chain topology.

Intelligent algorithms with Inrush detection and T - LN |
vector group treatment allow even transformers i 7SD5
in the protection zone. 7SD5 7sDs
or
. i 7SD8
Example: Different system topologies
|-/ - F——tt
== FOC —fiber optical cable — 5 =
(|
& e 7SD5 —
7SD5, 782:51, 7SD80 7SD5, 7sgf1, 7SD80 D s DS g
7SD8 or or or
7SD84, 7SD8 7SD84, 7SD8 i —he e
—

=8 =
7SD5 / 7SD61 7SD5 / 7SD61

or or Page 25
7SD84, 7SD8 7SD84, 7SD8
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Line Differential Protection (87L)

SIEMENS

The use of digital communication for exchanging protection-relevant data (e.g.
measured values, intertrip command, etc.) allow a flexible adaptation to existing data
transfer paths. In particular fiber optic direct links enable a secure communication.
But there are other communication options as well.

Use of fiber optical cables
820 nm, 1.5 km
FOC 820 nm, 3.5 km
1300 nm, 24 km
1300 nm, 4/24 km
1300 nm, 60 km
1550 nm, 100km

Multimode (SIP4 / SIP5)
Multimode (SIP4)

Monomode (SIP4)
Multi-‘Monomode (SIP5/7SD80)
Monomode (SIP4 / SIP 5)
Monomode (SIP4 / SIP5)

Use of pilot wire cables (PW) or telefone wires (2 wires used) by conversion from FO cables (FOC)
to copper cables with the communication converter 7XV5662-0AC00

1.5 km

PW Pilot wire (twisted pair) E
FOC | E ;I FOC
820 nm, up to 8 km al 820 nm,

=
1]

1.5 km
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Line Differential Protection (87L) SIEMENS

The use of digital communication for exchanging protection-relevant data (e.g.
measured values, intertrip command, etc.) allow a flexible adaptation to existing data
transfer paths. In particular fiber optic direct links enable a secure communication.
But there are other communication options as well.

Use of digital communication systems by means of conversion from FOC to X.21 or G703.1 with communication
converter 7XV5662-0AA00 or G703.6 (E1,T1) with 7XV5662-0ADO00.

Wide area

communication network

Use of digital communication systems by means of conversion from FOC to IEEE C37.94

IEEE C37.94 IEEE C37.94
interface interface
T~ Wide area
Foc communication network FOC
820 nm 820 nm
1,5 km 1,5 km

Page 27
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Line Differential Protection (87L) - 7SD80 SIEMENS

The use of digital communication for exchanging protection-relevant data (e.g.
measured values, intertrip command, etc.) allow a flexible adaptation to existing data
transfer paths. In particular fiber optic direct links enable a secure communication.
But there are other communication options as well.

Use of fiber optical cables

=
i
h 1300 nm,4/24 km Multi-‘Monomode fiber cables h

Use of existing pilot wire cables or telefone wires (2 wires used)

. Pilot wire cables (twisted pair) * “

- |
L_“ Up to 15 km

]

* Isolation transformer 5kV or 20 kV

Page 28

Differential
protection




Transformer differential protection (87T)

The transformer differential protection (87T) is used for the selective, instantaneous
protection of transformers. Compared to the line differential protection the transformer

differential current can be calculated in one device because the distances and burdens
from devices to the CTs are limited.

In modern transformer differential protection relays, no matching transformers are
required. The digital protection device does this by way of calculation.

Normal operation: l,+1,=0
Transformer fault: L +1,#0

The digital transformer differential protection(87T) takes the
following into account by calculation:

= Correction of CT misadaption to the rated transformer
current

= Correction of phase shift of vector group
= Correction of zero sequence current, e.g. elimination

Page 29
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Distance protection (21) SIEMENS

The distance protection(21) monitors the acquired currents and voltages with regard
to the configured pickup type. Depending on the respective system conditions,
various distance characteristics have been established. As long as load and fault
current can be clearly distinguished by the current magnitude, an overcurrent pickup
is sufficient. If the current and voltage conditions between operating and fault status
are more complicated, more elaborate pickup types will be required.

Types of pickup:

Voltage- and

angle-dependent X

overcurrent pickup 1
U r

Voltage-dependent
overcurrent pickup

1> 1/U< 1>>

P Page 30
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Distance protection (21) SIEMENS

If the distance protection (21) picks up, the impedances of all six possible fault loops
are determined from the acquired currents and voltages and compared to the
configured zone settings (~ fault distances).

After the delay time stored for the respective zone has elapsed, the distance protection
trips and clears the fault.

Fault loops Trip characteristics;
E L1L2L3 .o j

1 | I | ‘
Distance

protection (21) N

LN

L LN
L TN
CRTEE RN
-
-

v

L1-E

L2-E
L3-E
L1-L2 >

L2-L3 > -
L3-L1
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Distance protection (21) Time grading

The fault impedance acquired enables the distance protection (21) to be graded such
that it will trip faults up to the nearest station at high speed. For more remote faults, it
simultaneously poses a backup protection for the protection device in the nearest
station. Due to measuring inaccuracies, however, zone 1 is set smaller than the
distance to the closesed station in order to avoid overreach (unselective tripping).

t h

t5 non-dir. end time* * not with
. . .| impedance
t4 directional end time starter
t;
t2
1:1
| | :
— — —— Station
i Device 1 & Device 2 Device 3 % Device 4
7SA61 7SA61 7SA63 7SA61

The SIPROTEC 4 distance protection devices 7SA6 have 5 independent time zones as well
as the overlap zone Z1B for reliable rapid tripping in case of "Switching onto Fault" and

"Automatic Reclosing".
Page 32
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Distance Protection (21)

SIEMENS

The distance protection (21) in the incomer feeder serves as backup protection for the
relays of the outgoing feeder and as busbar protection at the same time. Since no
selective grading for the busbar is possible (insufficient impedance), this relay is set as
backup protection for the outgoing protection with the shortest zone 1. For this reason,
busbar faults are not switched off until the first grading time has elapsed.

........... Outgoing protection
1st level

e s o 00000 Outgoing protection
2nd level

Page 33
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SIEMENS
Busbar Protection (87BB)

Busbars (BB) are the locations in switchgears with the highest energy concentration.

BB faults that persist for too long can easily lead to damage to primary equipment.

The resulting interruptions in supply — particularly in industrial systems — can have a
considerable negative impact (loss of production, etc.). For this reason, important busbars
must be protected with its own (87BB) system to ensure at high speed tripping.

In view of the fact, however, that busbar faults are very rare, BB-faults are normally
switched off in a higher grading time. Depending on the complexity of the BB system (from
single to quintuple BB), a dedicated BB protection(87BB) is more or less elaborate.

The simplest BB protection scheme works by the principle of "reverse interlocking", if a
comparison of the protection pickups clearly reveals whether incomer bays (BB fault) are
involved, or also outgoing bays (external faults).

In a single busbar, a dedicated BB protection can be realized by means of a simple node
protection (eg. 7UT6) as this does not require an isolator replica.

In a complex BB topology, the BB protection is more elaborate because only the faulty BB
section is to be switched off. For this purpose, the BB protection (7SS52) has to capture also
the isolator replica of each feeder in addition to the current and on that basis calculate the
selective areas.

Page 34
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Busbar Protection
Principle of reverse interlocking

A protection pickup in an outgoing feeder means that the fault at issue is not located in
the area of the busbar even though the protection devices of the incomer bays have also
picked up. This pickup of an outgoing feeder protection can be used to block the (nearly)
instantaneous tripping of the incomer protection.

If only the protection devices of the incoming feeder pick up, this blocking is missing and
the BB fault is switched off at high speed.

@ Outgoing feeder protection (50) trips
and blocks 50 ms stage in feeder
protection over ring line

@ Protection (50) in incoming feeder trips
in 50 ms, because no protection in
outgoing feeder has picked up and thus
blocked

In case of infeed from two sides, directional
pickup messages are required in order to detect
feedback to external faults.

If in double busbars selective areas are to be
considered, it is required to create BB-related
blocking messages (via disconnector auxiliary
contacts).

Principle of reverse interlocking Page 35
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Busbar Protection (87BB)

BB protection (87BB) for single busbars does not require an isolator replica; it is
sufficient to sum up the currents of all feeders of the selective area. The current in the
sectionalizer must be considered in the neighboring selective zones.
The feeder currents can be detected either selectively for each phase or as matching
transformer current in order to further reduce the effort for the BB protection.

3-phase:
(3 phases / relays)
BB protection for up to 5 ends

S LR |
7UT613 7UT613

5
7UT635,

3 times 1-phase: 1-phase:

(1 phase / relay) (via mixing transformer)

BB protection for up to 12 ends BB protection for up to 12 ends
L1l 1 L1l 1

Ll |
7UT6

Page 36
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Busbar Protection (87BB) Hardware SIEMENS

The decentralized BB protection (87BB) 7SS52 aquires feeder current and disconnector
positions in each switchgear bay by a dedicated bay unit. These bay units are
connected to the central BB protection device star-shaped via fiber optic cable.

Based on the isolator replica, the BB protection determines the selective area and
calculates the respective current sum.

e Central unit
LWL
o L o=
s KB . 11 sew o
Bay unit 1 Bay unit 2 Bay unit n

To the central unit of the 7SS52, up to 48 bay units may be connected which can be
assigned to up to 12 selective areas (BB sections). To safely distinguish between interior
and exterior faults, 3 ms of saturation-free transmission time of the maximum through-
flowing current are sufficient.

The tripping time (at the contact of the bay units) is less than 15 ms, independent of the

number of bay units. Page 37

Busbar
protection




Publisher and Copyright © 2012:

Siemens AG

Infrastructure & Cities Sector
Smart Grid Division

Energy Automation
Humboldtstr. 59

90459 Nurnberg, Germany

If you desire further information,
please contact our

Customer Support Center.

Phone: +49 180/524 8437

Fax: +49 180/524 24 71

(charges depending on the provider)
E-mail: support.ic@siemens.com

www.siemens.com/siprotec

SIEMENS

Smart Grid Division

Order no. E50001-G720-A167-V1-4A00
Printed in Germany

Dispo 06200, c4bs 7439

SCH DS 02120.5

Printed on paper produced without chiorine bleaching.

All rights reserved.
Trademarks mentioned in this document
are the property of Siemens AG,

its affiliates or their

respective owners.

Subject to change without notice.
The information in this document contains

general descriptions of technical options available
which do not always have to be present i individual
cases. The required features should, therefore, be
specified in each individual case at the time of closing
the contract.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


