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75585 Busbar protection

Overview Specifications Related products & services Documents & downloads  Support

75585 Busbar protection
Sustainability Slemens EcoTech
Product lifecycle Active Product ®

Product class B: return restricted, please contact your Siemens partner/contact

Packaging dimensions (L x Not available
WxH)

Net weight 0.001 Kg

@ Additional products and services are available for this product. Ensure you
have everything you need and explore more options.
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| Platform details

Switch models and configurations

Figures 1 through 2 show the FS IES5100-24FS and IES5100-16TS switches.

CONSOLE & 24% 100/ 100DBASE-X SFP &

e e

® Ay 10G SFP+ w8y 16 RI45/SFP Cormbo # Power Supply

Figure 1.
IES5100-24FS, 24-Port Gigabit Ethernet L2+ Managed Industrial Switch, 24 x 1Gb SFP, with 8 x 1Gb Combo and

4 x 10Gb SFP+, -40 to 85° C Operating Temperature

(-5

T T T T e
L ewes weow

® 4y 10G SFP+ ® 4x 100/1 000BASE-X SFP s 16 1010001 DOOBASE-T R4S

Figure 2.

IES5100-16TS, 16-Port Gigabit Ethernet L2+ Managed Industrial Switch, 16 x 10/100/1000BASE-T, with 4 x

1Gb SFP and 4 x 10Gb 5FP+, -40 to 75° C Operating Temperature
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CHAPTER 1: INTRODUCTION

This chapter specifies the finctional performance requirements for design, qualiy,
manufacture and factory test and commissioning of the protection and control fimctions
related to the protection system.

System operating conditions and auxiliary power supplies shall be as specified mn
chapter DATA and elsewhere m this specification in addition on appended drawings .
Information on the minmum and maximum fault levels will be furnished to the
contractor later on . the Bidder’s proposal should be mn such a manner that could be
coordinated with remote end feeder’s protection scheme which are existing,

The bidder must fill out the guarantee requirement tables of technical specification
completely and should provide a list of deviations for this Technical Specification and
appended drawing, which will be used in technical evaluation , otherwise it means that
the Bidder has accepted all the requirements that is requested and confirms correctness
and suitability of the whole of this specification .

Main required documents which submitted from contractor to consultant Engneer are
listed in chapter DOC.

CHAPTER 2: STANDARDS

The protective equipment shall be designed, manufactured and tested i accordance
with the latest edition of the following standards :

IEC 60297 Dimensions of panels and racks .

IEC 60947 Control switches

IEC 60359 Expression of the functional performance of electric measuring
equipment .

IEC 60547 Modular plug-in unit and standard 19 mounting unit .

The protection equipment shall fulfill the requirements of the following standards :

IEC 60255 Electrical relays, especially :

IEC 60255-3 Single mput energizing quantity measuring relays with dependent
requirement and tests

IEC 60255-5 Insulation coordination for measuring relays and protection
equipment requirement and tests

IEC 60255-6 Measuring relays and protection equipment

IEC 60255-9 Dry make contacts

IEC 60255-11 Interruptions to and altemating component (ripple) n DC
auxiliary energizing quantity of measuring relays

IEC 60255-12 Directional relays and power relays with two mput energizing
quantities

IEC 60255-13 Biased (percentage) differential relays

IEC 60255-14 Endurance tests for electrical relay contacts — Preferred values for

Protection System Specificaion
REV.C
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contact loads

IEC 60255-15 Endurance tests for electrical relay contacts — Specification for the
characteristics of test equipment

IEC 60255-16 Impedance measwring relays

IEC 60255-21-1 Vibration, shock, bump and seismic tests on measuring relays and
protection equipment-Section 1 : Vibration tests (sinusoidal)

IEC 60255-21-2 Vibration, shock, bump and seismic tests on measuring relays and
protection equipment-Section 2 : Shock and bump tests

IEC 60255-21-3 Vibration, shock, bump and seismic tests on measuring relays and
protection equipment-Section 3 : Seismic tests

IEC 60255-22-1 Electrical disturbance tests for measuring relays and protection
equipment — Section 1 : 1 MHZ burst disturbance test

IEC 60255-22-2 Electrical disturbance tests for measuring relays and protection
equipment — Section 2 : Electrostatic discharge test

IEC 60255-22-3 Electrical disturbance tests for measuring relays and protection
equipment — Section 3 : Radiated electromagnetic field
disturbance test

IEC 60255-22-4 Electrical disturbance tests for measuring relays and protection
equipment — Section 4 : Fast transient disturbance test

IEC 60255-23 Contact performance

IEC 60255-25 Electromagnetic emission tests for measuring relays and
protection equipment

IEC 61850 Communication in substation

IEC 60801-5 Fast transient

IEC 60802-2 Electrical discharge

All the amendments and references listed with the above standards shall apply, alo
other relevant IEC standard should be considered by the Engmneer’s Approval. Other
standards, m case of lacks in IEC, can be considered by the Engneer approval .

In addition, the protection equipment shall comply, where necessary, with standards of
other related equipments m fault clearing equipment, e.g CB, CT, CCVT and etc. .

CHAPTER 3: GENERAL PRINCIPLES

The functional requirements of this Specification relating to protection units shall apply
to all equipment on which the protective function is dependent, thus They shall also
apply to parts which are not directly related to the relay protection such as finctions in
the auxiliary power distribution , interface cubicles , remote end feeders protection and
etc . included i the protection unit function .

Strict demands shall be made on selectivity i fault isolation. Only the minimum
possible part of the substation shall be tripped to isolate the fault or clear abnormal
conditions. On the other hand, to improve security, the protection systems should be
designed to isolate only the faulty portion of the network. For faults out of the
protection zone, the protection system should remain stable or operate selectively in
conjunction with other protection systems, mcluding breaker failure.

Protection System Specificaion
REV.C
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The design of the relays shall be such that high tripping reliability will be achieved and
prevent to maloperation.

The correct operation of the substation protection equipment shall not be limited or
restricted to environmental mfluences, also the protection system shall be mmuned for
electromagnetic disturbances should be taken i to consideration. This mmunity is a
combination of the immunity for each piece of equipment and the measures made in the
substation (wirmng, shielding, etc.) to lmit the disturbances. Therefore the substation
protection equipment shall be designed to withstand the nfluence of :

Switching operations in primary circuits

Lightning stroke in HV line

Lightning stroke n grounded component

Switching operations in secondary circuits

Faults occuring within or near the substation producing residual currents and

ground potentioal rise

Al protective relays shall be mtegrated in suitable quantity panel (Swing type)
according to consultant Engneering recommendation but, in distribution feeders
(33KV/20KV/11KV/6.6KV voltage levels), it can be mstalled n LV compartment of
cubicles.

In general, all requirements and specifications of protection device and general
principles that should be considered in protection system designs is described as
following:

a) Requirements of numerical relays

The corresponding serial interface permits events, measurements, distrurbance recorder,
data and protection settings to be read and sets of parameter settings to be changed.
These units shall be equipped with the operator program which faciltates configuration
and setting of the protection, listing parameters, reading events and listing the various
mternal diagnostic data.

The units shall be provided with a programmable logic for trip and indications. It should
be possible for user to configurate protection logic or to monitor finctions. the basic
structure shall be modular for binary inputs and outputs to faciltate user adoption.

The contractor shall supply laptop including software tools in order to configure and
settings, uploading the event or disturbance recording of relays. The tools shall fulfil
the following requirements:

The programs shall be usable n a standard PC.

Preparation of configuration and setting shall be able to make offline, ie. with
the PC not connected to the protection units.

The configuration tools shall have finctions for detection of logical errors i the
configuration.

Protection System Specificaion
REV.C
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Protection units shall be provided with disturbance recorder finction that monitors at
least 9 analogue mputs, and the capacity for recording disturbances shall be provided for
at least 3 sec. The time resolution for time stamping shall be 1 msec or less.

The units also shall be provided with event recorder function with capacity at least 150
time tagged event with a resolution of 1 ms.

Disturbance or event recording shall be able to be initiated from the following methods:
- Selected binary signals go "High"
- Selected binary signals go "Low"
- Analoge quantties (Current and/or voltages) reach set over or under trigger
values.

The protection units system shall provide all relevant mnformation for fault finding
analysis, and trouble shooting Suttable and user friendly fault evaluation software shall
be included mn the scope of supply and provided short fault summaries and automatic
printouts about fault history and fault location. The protection Engineer may have his
own PC based system to evaluate all the required nformation for proper fault analysis
mdependently of the network control centers.

The protection units shall be equipped with man/machine mnterface (MMI) for local
control of the terminal too. This local MMI shall be front mounted and based on a user
friendly menu structured program.

Protection units parameter setting shall be possible to access from MMI terminal, laptop
via serial port and remote control center for reading event lists and reading & setting the
terminal parameters. The setting of parameter or activation of parameter sets shall be
restricted by password to the protection Engmneer.

Also, all protection units must be able for connecting to the substation control system
and support standard communication protocol-IEC61850-with fiber optic media
connection.

All protection units shall be equipped with opto coupler inputs and output contacts in
which the user can assign these mputs and outputs for protection finctions.

Protection relay designs shall include extensive automatic self checking facilities to
supervise and monitor the condition of the mdividual relay, measuring elements, DC
supply, hard wire faiwre and etc. Any abnormal condition detectd shall initiate an
alarm and indicate the defective element. Defects that may cause maloperation of the
relay shall mhibit operation of the particular relay or element of a relay system. Less
critical defects may intiate an alarm only.
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b) Protection Zones

The protection relays shall be connected to current transformers i accordance with
appended drawings. The respective protective relays shall actuate the circuit breakers
adjacent to the measurement zone, for complete isolation of the fault. In some cases,
breakers m other voltage levels may have to be tripped remotely. For isolation of a fault,
all breakers around the fault shall be tripped.

All protection zones of each objects shall be overlapped with each adjacent zones.

The measurement and tripping zones shall be coordmnated with breaker failure
protection function, so that primary faults between the breaker and the current
transformer will be tripped by the breaker failure protection funciton, with the possible
degree of selectivity.

c) Backup protections:

All faults which have such magnitude that jeopardize continued operation of the grid,or
represent risk to personnel, or can cause appreciable material damage to plant or to the
whole system, shall be isolated even in the event of a single faiure mn the relay
protection equipment, relevant circuits such as measuring quantities, auxiliary voltage
and etc. or breakers.

Any malfinction or internal fault which can cause one set of relays to fail when
operation is needed for a system fault , must not have the same effect on the other set of
protective relays , for a particular circut .

Backup finctions are required and shall be satisfied with “remote backup” or “Local
backup” duplicated equipment. The switchgear objects which are to be equipped with
“local backup”™ are specified n the requirements for the various protective relays.

In case SUB I & SUB II (Main and Back-up) equipment are located i the same
substation, both sets of equipment nust not be included m the same protection
terminals. The deviation for this matter shall be approved by Consulting Engineers.

When one set of relaying in a circut is taken out of service to be repaired,
maintenanced or tested, the circutt shall be adequately protected by the other set of
relaying . And also between these two sets, a defect m one substation must not affect the
function of both sets.

d) Redundancy
The redundancy of the protection system can be made in the following ways , for
different parts of the system (In accordance with appended drawing) the following types

of redundancy are chosen.

- Local redundant protection system with two main protections. The main protective
relays are totally separated; fod from separated DC auxiliary systems, fed from
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separated instrument transformer cores (CT) and windings (CVT). The two mamn
protection systems use separated communication channels between the line ends. The
two systems shall both have the required speed, sensitivity and functionality.

Local redundant protection system with one main protection and one backup
protection. The SUB [ & SUB II (Mam and Back-up) protective relays are separated
to a high degree; fed from separated DC auxiliary systems, fed from separated
instrument transformer cores(CT) and windings (CVT). There might be some
functions only in the main protection system, such as autoreclosing In such cases
some connections between the two systems can be necessary. The main protection
system shall have the required speed, sensitivity and finctionality, while the backup
protection system can have limited performance.

Station local backup protection system: Each object in the station only has one single
protection system. The protection for one or more mcommg bays will serve as
backup protection for the other objects. The system requires a time graded protection
system in order to enable selectivity.

Remote backup protection system : Each object has only one sigle protection
system. The system requires a time graded protection system in order to enable
selectivity.

e) Inter-Tripping

Tripping of breakers in adjacent stations is normally achieved by direct mter-tripping
activated from the breaker failure, short zone, over voltage and line reactor protection.

The two channel transfer trip scheme using audio frequency shift tones on power lne
carrier or adapted with data transfer by fiber optical and other communication systems
will provide reliable and secure high speed tripping of line terminals in the event that
described above to clear a fault. The nter-tripping channel shall be monitored and an
alarm will be mittiated in the event of a fault on the chamnel . The mter-tripping channel
shall be coded or otherwise safe guarded against spurious operation in the event of
disturbances m the teleprotection system. This safe guard nwst not appreciably reduce
the trip function ofthe channel, fiber optical or other communication systems.

1)) Relay Indications :

All protection units shall be provided with resetable visual indicating devices for trip
functions i the individual or grouped relay for all protections belonging to a switchgear
object . These mdications shall be clearly visible without the need for opening doors of
relay cubicles and on the HMI interface in control room and other enclosures. Indication
devices shall be provided for every relay. The faulty phases shall be indicated when the
measuring principle in the protection makes this possible. Multi stage protections shall
be designed so that the indications will clearly show the stage which has itiated
tripping. An indication for tripping shall be mitiated when the protective relay has given
a tripping signal. Tripping indication shall always be provided , regardless of the
duration of the tripping signal .
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In addition to the above wvisual tripping mdications, corresponding potential free
contacts shall be available for event and fault recorder, and these contacts shall close
when visual indication is obtained . Time delayed protection zones have to be equipped
with potential free starting contacts of such a design that the running time can be
mdicated m the event recorder. The relay shall have push buttons to make it possible to
reset indicating signals. This resetting shall be possible without opening of the relays
covering .

The front view of the relays shall be mcluded LED indicators at least for the following
signals:

- The relay m operation

- The relay i m test mode

- Trip from protection function

- The relay is blocked

- The relay faulty

2) Tripping & Closing Circuits

The tripping circuits for the relay protection belongmng to Sub. 1 and Sub.2 (main &
backup) shall be entirely separated electrically and mechanically. This implies that they
must include separate comnectors, terminal blocks, cables, auxiliary relays etc. Breakers
shall have electrically and mechanically separate tripping coils which can be actuated by
SUB I & SUB II (Mam and Back-up) protection independently. The finction must not
be jeopardized if both coils receive a trip signal simultancously. The design of SUB I &
SUB II (Main and Back-up) systems shall confirm with the following stipulations.

Diodes shall not be permitted i trip circuits where therr faihre (either open or shorted)
may result in failure to trip or otherwise incorrect discrimination of protection relays. As
far as possible the use of diodes n other circuits also shall be avoided . If diodes are
used, they shall have an avalanche characteristic with a PIV rating of at least 10

Amperes.

Only the positive polarity of DC supply shall be closed at trippmg The negative
polarity is permanently connected to the trippmg coil of the breaker .

The tripping circuits shall be supervised ndependently n both states when the breaker
is open and closed. The supervision shall ncludes the DC supply, tripping coil, cables
(DC supply cable and tripping cable to the breaker), and Aux. contact of the coil when
the breaker is closed. Design of trip circuit supervision (TCS) should be such that TCS
relays don’t operate when the protections scheme is under testng This relay must open
the close circut of relevant CB.

All protection tripping finctions shall be time limited. Unlimited sealmn tripping relays
are not allowed. It means that protective devices which don’t reset rapidly when the
fault is cleared, have to be equipped with time relay which nterrupts the tripping
function, for example for transformer mechanical protections. Electrical reset should be
considered wherever is applicable .

Protection System Specificaion
REV.C




ol 5 g S b1ocdd 6ol (52130 Olbos Acdlio

3B TS 55 %8 &5 i o 2l 55,91 720 G5 3 oty Ui 5311

O Zuls (5551 s =S50
Parsian Gulf Fajr Energy Co.

RELAY.9

The closing circutt (where applicable in accordance with appended drawing) either shall
be supervised when the breaker is open or closed. The supervision shall includes the DC
supply, closing coil, cables (DC supply cable and closing cable to the breaker), and the
Aux. contact of the coil when the breaker is open. Design of close circuit supervision
(CCS) should be such that CCS relays dont operate when the protection scheme is
under testing,

Tripping coils in the breaker shall be supplied with high burden self reset tripping relays
which must have an operating time not more than 8 ms. These tripping relays shall also
be capable of breaking the inductive current (at least X/R<40ms) even if the auxiliary
contact in the breaker fails to open. These requirements should be achieved by means of
a relay combmation consisting of a fast relay with adequate closing capacity, m parallel
with a relay with adequate breaking capacity. Specification of trip relay output contacts
shall be coordinated to trip coils specification. These tripping relays shall be mstalled
for each breaker and for each tripping coil separately.

Closing coil of the breaker shall be supplied with high burden self reset closing relay
which must have adequate closing capacity. Specification of close relay output contacts
shall be coordinated to close coil such as X/R ratio. This closing relay shall be installed
for each breaker (or each pole where applicable accordance with appended drawing).

The tripping and closing relays should be considered separate from SUB I & SUB II
(Main and Back-up) relays; these relays should not be included in protective relays.

h) Testing Facilities :

Protective relays shall be designed for easy maintenance and testing. All protective
relays shall be capable of being tested individually, even under substation normal
operation, with adequate safety of the test personnel and without the risk of spurious
trippmg and do not affect in other protection relays.

When testing the main or backup protective relays, it is not acceptable that the
protective finctions of other sub systems become blocked or activated .

The design shall be such that external test equipment can be connected to the protective
relay at a permanently mounted connector. All quantities necessary for measuring the
functional values of the protection such as alarm, current and voltage circuits,
indication, power supply, closing and tripping signal shall be comected to this
connector. This test equipment must isolate power supply, trip and close circutt of it's
relay under test from both sides during test procedure.

All necessary actions in the circuits of the protective relays shall be carried out by
means of a switching device of such design that the actions will automatically take place
m the correct sequence for satisfyng the personnel safety requirements and for
preventing spurious operation of CBs. In addition, the design shall be such that, after
testing, the protective relays will safely revert to its operational conditions, satisfying
the demands for personnel safety and spurious trippmg .
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All necessary actions in normal maintenance testing shall be capable of being carried
out from the front view of the relay cubicle, where the switching devices for testing
shall also be located.

Voltage and current inputs could be isolated from the relay, and test equipment should
be connected without open circuting the normal current circuit, also these quantities
could be mjected into the relay from portable test equipment without removing the relay
from the panel .

When the protective relay is testing, the signal of testing mode shall be transferred to
event recorcer. At the end of test procedure, the signal of normal operation mode should
also be transferred to E/R.

i) Current Circuits :
The protective relay shall be designed for the secondary rated current of CTs.

Separate current transformer cores shall be used for SUB I & SUB II (Main and Back-

up) protections. Contractor should propose the relay and devices having lowest burdens

and CT requirements for various type of relaying due to following facts :

- Source side fault levels .

- X/R ratio of grid.

- Necessity of using similar CTs in all bays for One and Half CB and Ring
arrangement.

- Limiting CT secondary voltage not to exceed 2000 volts.

- All CT ratios.

- Single shot auto reclosure requirements with C.B. duty cycle as C-O-C-O:

30(90)-400-30(90)ms

- Summation of interconected burden to secondary CT and cable between CT and

control room .

- Requirements of protection time not to exceed the required guaranteed time in last

auto reclosure shot under worst maximum and minimum d.c offset including CT

presaturation conditions, etc.

- Large number of relays , recorders , etc . connected to CT cores.

- All other technically required features .

The current circuit shall be earthed in the first junction box i the switchyard after the

current transformer .

Earthing of the secondary terminals of the current transformer cores used for protective
schemes shall be carried out consistently throughout the plan “Towards” the object.
(where applicable).

In the event of a postulated current flow towards the object , the secondary terminals
with incoming directions of current shall be earthed . No earthing other than that
mentioned above shall be provided in a galvanically connected current circutt. In case of
the summation of currents by direct galvanic connection , the circuit may only be
carthed at one pomt and in the first junction box from the current transformers . Such
summation must not take place at any other pomt than i the First
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junction box as mentioned above.

In the First junction box in switchyard provision shall be made for short circutt the
current in a simple manner. This can be arranged with suitable leg out of the terminal
block .

All CT requirements shall be specified separately for each relay and core by bidder and
respective calculation should be sent to Engmeer for approval

) Voltage Circuits :

The protective relays shall be designed for rated voltage, which is alo the rated
secondary voltage of the potential transformers. the protective relays shall be
dimensioned on the basis of capacttive or mductive voltage transformers with data
specified in these specifications . For all distance relays, fault locator, voltage operated
relays and etc. the contractor shall furmish the details of transient, steady state CCVT
requirements along with the tender. Those relays which operate successfully without
any time delay even in transient condition of CCVT operation are preferred to those
which operate with time delay .

Due to the very low short circuit currents on the voltage circuits, special MCBs or fuses
with Aux. contacts are required.

The secondary windings of the voltage transformers i various phases shall be
mterconnected and earthed in the first junction box from the potential transformers . The
mterconnection and earthing shall be carried out in such a manner that a correct
reflection of the primary voltage will be obtained . No earthing in the galvanically
connected parts of the voltage circuits is required.

Separate secondary cores shall be used for SUB I & SUB II (Main and Back-up)
protections.

Same CT, CCVT and CVT requrements shall be specified by bidder and respective
calculation should be sent to consulting Engineer for approval .

Any mismatch between proposed istrument transformers (CT, CVT and CCVT ) and
relays should be avoided . Bidder is responsible to take care of such mismatches, if any.

The voltage circuits shall be divided mto separate groups. A group for the protective
relay and it must not used for any other purpose. All subdivisions nto groups shall be
carried out in the first junction box after the potential transformer, where the various
groups shall also be individually fused. The protective potential circuit shall be fused
mdividually and separated from the metering circuits. Separate cables from the first
junction box in accordance with the above shall be used for SUB I and SUB II (Main
and Back-up) protection circuits.

Failure of fuses and MCBs shall be monitored by very high speed fuse failure relays .
This relay shall operate mn the event of open circuits i one, two or three phases of the
secondary but not in the event of primary loss of voltage. Sufficient free potential
contacts shall be provided n the relay for mitiation of alarm system and blocking of
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control and protection equipments where necessary. The fuse failure relay shall be
located m the control room. Specification of fuse failure relay output contacts must be
coordinate to conneted circutt such as X/R ratio.

k) Auxiliary DC Voltage Supply :

There are two independent sets of battery and battery charger in substations (according
to appended drawing).

The SUB I & SUB II (Mamn and Back-up) protective relays and their associated circuits
will be supplied from separate batteries (if exist), so that the tripping finction from each
relay protection set, must not be dependent on the other battery .

Separate circuits from main DC distribution board shall be considered per each object
(line, trans , etc .) for the following purpose :

- Supply to the protective relays.
- Breaker and D.S/E.S circuits
- Trip and close circuit

Auxiliary supplies relevant to each protection panel shall contain the above mentioned
circuts and be protected individually by means of their own MCBs.

An under voltage relay shall be provided in each protection cubicle to supervise d.c and
a.c supply failure and mstalled at the end of circuits in each panel, also auxiliary contact
of MCBs used for supervision of auxiliary DC supply .

If DC/DC converters are going to be used for any relay supply, they shall be equipped
with proper heat-sink and a suitable shield to prevent any influence on relay operation
due to harmonics.

1) Constructional Design :

For constructional designs ie. accessibilty, electronic parts, Degree of Protection (IP
Code), panels, cubicles and etc., see also the Chapters of CONTROL and PANEL.

CHAPTER 4: FAULT CLEARING TIMES

The clearing time specified below are defined for the assurance of the fault up to instant
when the fault has been entirely nterrupted, ie including the circut breaker operating
time. An interruption time of 2.5 cycle for 400KV and 230KV circuit breakers, 3
cycle for 132KV & 63KV circutt breakers shall be considered i the design of the

control and protection equipment.

If fault is occurred mside or nearby the substations the clearing time for 400KV, 230KV
is 80msec and for 132KV, 63KV is 100 msec.
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Distant line faults shall be cleared within following time for different voltage levels :

400 KV, 230KV 100 msec

132 KV, 63KV 120 msec
Faults between a circuit breaker and current transformer shall be cleared for adjuacent
breakers in substation within 200 ms and for breakers at the remote end of the line
within 240 ms .

In the event of breaker failure function, the adjacent breaker m substation mmst be
cleared within 240 ms (distant line fault 260 ms ) and at the remote end 280 ms, by
direct mter tripping or 400 ms, by remote backup function .

The clearing time mentioned above are typically, and actual clearmg time nust be

calculated by case system study for each substation.

CHAPTER 5: COMMON PROTECTION

a) Circuit Breaker Failure and Short Zone Protection:

The breaker failure protection shall safeguard the breaking of fault current in the event
of a circuit Breaker failing to operate .

The substations shall be equipped with breaker failure protection in accordance with
appended drawings .

The breaker failure protection finction shall be started from the protection of the
corresponding objects n mam as well as backup protection . The breaker failure
protection shall not be started by other breaker failure protection or by manually
mitiated operations. Short zone and zero voltage protections shall not mitiate breaker
failure protection, too. Also several breaker failure protections may have to be started
by the protection of a single object .

It shall be possible to intiated breaker failure start from different protection finctions
within the protection terminal via binary out-puts in the termmnal and it shall not be
mitiated from trip relay.

The breaker failure protection shall enable retrip to both trip coils of the mam circuit
breaker after 110 msec. This retrip can be a single pole trip, n case of a single pole trip
from the protection function. The retrip can be a three pole trip in case of three pole trip
from the protection function.

The breaker failure protection shall not give unwanted trip in case of existing a DC
component in the current transformer circuit after a correct trip.

The breaker faitwe protection shall consists of current relays which determine whether
the mterruption has been satisfactorily carried out. ie., the relay must check current for
operation at first, if the current is less than the pickup of current, then the relay must

Protection System Specificaion
REV.C




ol 5 g S b1ocdd 6ol (52130 Olbos Acdlio

3B TS 55 %8 &5 i o 2l 55,91 720 G5 3 oty Ui 5311

O Zuls (5551 s =S50
Parsian Gulf Fajr Energy Co.

RELAY.15

b) Pole Discordance Protection

In addition to the breaker failure protection function, all single pole operated circuit
breakers must be equipped with a separate pole discordancy protection. The pole
discordancy protection shall use the auxiliary contacts or current quantity of different
phases, so that an alarm shall be mitiated with a time delay in both closing and opening
operation of the breaker. The time delay shall be sufficient to avoid spurious function
due to normal differences m operating time of different poles. At the same time when
the alarm is mitiated, the pole discordancy protection shall trip and activate the breaker
failure relay of the same breaker.

During single phase auto reclosing, the pole discordancy protection shall be blocked.
¢) Lock-out Relay

The bistable lock-out relay shall be provided for each circuit breaker with one LED
which indicates operation of the relay.

This relay shall have two coils in order to perform set and reset operation of the relay.
This relay must be mtiated by other protections except zero voltage relay, first stage of
circut breaker failure protection, the first zone of distance protection and directional
earth fault protection, if autoreclose relay selector switch is on.

Circuit breaker closing circuit shall be interrupted if lock-out relay is operated.

This relay shall be reset manually from it's MMI and electrically from all possible

remote control objects.

CHAPTER 6: TRANSMISSION FEEDER PROTECTION

GENERAL

400 and 230KV lne protection shall consist of SUB I, SUB II and 132 and 66/63KV
lne protection shall consist of main and backup.

The protection shall be divided and connected to instrument transformers as shown in
appended drawing,

400 and 230KV SUB I protection consist of distance, over voltage, zero voltage, STUB,
directional earth fault protections with tripping and closing circuit devices.

400 and 230KV SUB II protection consist of distance, directional earth fault, auto
recloser, synchro check, circuit breaker failure, short zone, pole discordance and lock-
out protections with tripping and closing circuit devices.
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132 and 66/63KV main protection consist of distance, directional earth fault, zero
voltage, auto recloser, synchro check protections with tripping and closng circuit
devices.

132 and 66/63KV backup protection consist of directional over current, directional earth
fault, sensitive earth fault (For cable feeders), circutt breaker failure, short zone and
lock-out protections with tripping and closing circuit devices.

Each part of the transmission line protection as specified heremafter shall be designed
and finalized with consultant Engineer.

a) Distance Protection

Distance protection shall be "Full scheme" design. The type of measuring characteristic
should be approved by “Engineer”, and should be convenient in case of over head line
or cable feeders.

The protection shall operate for phase/earth and phase/phase fault. The measuring
voltage is supplied from capacitive voltage transformer and it is therefore required that
the protection has good directional and reach characteristics in conjunction with this
type of measuring transformer and distance relay shall not maloperate on reverse fault
due to CCVT transients. Adequate directional finction i required on complete
collapses of the measuring voltage on all type of faults, including three phase short
circuts relay should be furnished with cross polarization, close up bolted fault feature,
ete. In view of the induced disturbances in the measuring voltage cables, a directional
function based on high directional sensitivity (direction at low voltage) is not
acceptable.

The distance protection scheme shall offer four (4) different distance zones each of
them independently programmable regarding impedance and direction. At least three of
the four zones shall have a timer to allow time gradation for backup protection of the
line to be protected in zone 2 to 4. Zone 1 shall have high speed clearance of faults at
mid poimnt of the protected circuit. The operating time shall be less than 25 milli
seconds.

Fach zone shall be provided with its own resistive reach settng and shall be

mdependent of the other zones and shall have separate settmgs for phase faults and
ground faults.

Residual compensation factor for the earth return path, Ky, shall have a sufficient
settng range. Residual compensation factor is defined as: Kn = 1/3 (Xo/X1-1).

Alternatively, the distance relay may use the zero sequence compensation factor, Ko,
defined as: Ko = Xo/Xi.

The distance relay shall measure accurately within 5% of the set reach for all zones and
under worst operating conditions (such as CCVT transients and CT saturation) for
setting values of 0.5 to 10 ohms and SIR (source impedance ratio) less than 30.
Dynamic overreach shall not exceed 5% under the same conditions.

Protection System Specificaion
REV.C




ol 5 g S b1ocdd 6ol (52130 Olbos Acdlio

3B TS 55 %8 &5 i o 2l 55,91 720 G5 3 oty Ui 5311

O Zuls (5551 s =S50
Parsian Gulf Fajr Energy Co.

RELAY.17

Reset ratio shall be less than 105% of settings for all zones.

Multi phase fault measurment charactristics shall be polygonal type for both SUB I and
SUB 1I distance protection in 400KV and 230KV over head lines, and at least one of
them must be lenticular charactristic or MHO type.

In 132 & 63KV O.H.L, distance relay shall be polygonal and MHO charactristic type
together.

The distance protection shall allow phase selective clearing of faults n all kind of start
modes. The phase selector logic shall be able of reliable discrimination of the faulted
phase during single phase to ground faults. Phase to ground faults shall always be
detectd as phase to ground faults and nwilti phase faults whether or not mvolving ground
shall not be detectd as single phase faults but always as multi phase faults and shall
provide three phase trip output.

The phase selection logic may use separate measuring elements in combination with
level detectors measuring the symmetrical components of the relay currents to
determine the type of fault and faulty phase.

Phase selections that depend on undervoltage is not acceptable.

For directional discrimination, the relay shall use a short cicut mdependent voltage
using a voltage memory to secure full sensitivity of the direction discrimination. For
unbalanced faults partial cross polarization of other equivalent forms of non-faulty
phase polarzing shall be employed.

The distance protection should have proper finction during weak infeed or single side
mfeed. Alko, mutual compensation should be considered for this protection. This is
required for existing parallel lines or future lmes. This distance relay shall not
maloperate by adding mutual compensation unit.

For high resistance earth faults, the transmission line protection in Sub. 1 (or mam) shall

be equipped with directional earth current relay. Its timing shall be graded with basic

time of distance relay with carrier assisted . This relay shall operate for faults occur in

the entire of the lme by comparing the direction of the earth faults from both ends .

Current pick up range shall be adjustable . This relay shall be capable to operate

properly under following conditions :

- Weak infeed from one end which echo feature shall be considered.

- Breaker open n the remote end with echo feature and proper time delay shall be
considered.

- Reversal of current direction on healthy line in double circut lines during an earth
fautt.

The minimum operating current should be <10% and the minimum operating voltage
should be <1% of the rated voltage . The time delay should be selectable between
mdependent and all standardized dependent time characteristics (IEC curve). Separate
communication schemes must be available for the earth fault function.
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DEF function shall be polarized by open delta comected Aux. voltage transformers
supplied from the lne CCVT (or by software programming inside relay).

The relay shall be provided with a voltage transformer supervision function to monitor
the AC input voltages and block operation of the distance and DEF functions when the
AC input is lost on one or all of the phases. This shall be fast enough to enable
blocking of zone 1 even when the mput current is equal to the rated current. In case of
detecting a single or multi phase faiture of the CVT circutt, the distance protection shall
switch to a inverse characteristic over current protection mode. The auxiliary contact of
the CVT circut MCB shall also be used to supplement blocking.

The relay shall be blocked by CVT fise fail circuit. Distance relay shall be consist of a
three phase instantaneous over current which is only activated when the relay is blocked
by fuse failure unit. This function shall be set between 0.5-1.2 In.

DEF function operation shall be blocked during single phase trippng of distance relay
and auto reclosing

To protect the stub comnection when the line discomnector switch is opened and no
adequate fault voltage is fod to the distance protection, stub protection is required. The
stub protection shall consist of three phase mstantancous over current relays with a
setting 0.5-1A for 1A C.T and 2.5-5A for 5 A C.T. The stub protection is only activated
when the disconnector switch of line is open. This protection function shall be provided
for one and half circutt breaker and ring arrangement only.

The relay shall be provided with an out of step (power swing) blocking function to
prevent undesired operation or trippmng of the relay durmg stable power swing
conditions. Power swing blocking shall be mhibited during the dead time of a single
phase autoreclose cycle or when an earth fault is detectd. It shall also be possible to
select blocking of any one or more selected zones, e.g., block tripping of all zones,
except zone 1. While blocking distance relay by power swing unit, relay shall be
consisting of a three phase nstantaneous over current relay with a setting range 0.5-1.2.
This over current finction is activated when the relay is blocked by power swing unit

only.

The relay shall be provided with a switch onto fault protection function, which shall
cause instantaneous tripping for both close-in and far-end faults when a faulty lne is
energised. The logic shall use the voltage from CVTs connected to the line side. Also
any closing command for the CB can be used to inttiate this finction. It shall also be
possible to start this finction via telecommunication from the distance relay at the
remote end of'the line. The switch on to fault must be bypassed after a preset timing.

Line protection unit shall be equipped with thermal over load protection for thermal
protection of line.

The teleprotection scheme for distance unit and DEF unt via independent channels
must be easily changed from one scheme to the other one (ie. permissive underreach,
blocking , permissive overreach and etc.).

This shall be generally achieved by the use of suttable links , switches , software, etc.
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The intertrip n distance and DEF protection schemes from both sides of the line shall
be achieved by PLC, fiber optic (separate channels) or etc. It shall be possble to
transmit and receive signals simultaneously. The basic transmission time i the channels
should not exceed 20 ms. The equipment for supervision of an interface to the
Teletransmission equipment for both channels shall be considered. In the event of a
fault in the channels, the intertrip and the auto reclosing shall be blocked and an alarm
shall be mitiated. In case of zone extension scheme, the blocking of auto reclosing
should be reset.

The quantty of channels in 400KV and 230KV lnes should be six channels; distance
SUB I (channel 1), DEF SUB I (channel 2), distance SUB II (channel 3), DEF SUB II
(channel 4), direct transfer trip (channels 5 & 6), for 132KV and 63KV lines four
channels shall be considered; distance Main (channel 1), DEF Main (channel 2), and
direct transfer trip (channels 3 & 4).

Distance protection shall include a fault locator for identifying the location of faults on
transmission lines. ‘The fault locator shall provide visual mformation to the operator by
means of a LCD and / or printout location of the fault in Km or percentage length of the
transmission line length.

The fault location function shall have an accuracy class of less than 2%. The fault
location assessment shall be independent of fault resistance, load current or the supply
of any data from different source.

b) Directional Over Current and Directional Earth Fault Protection

When fault current can flow i both directions through the relay location, it may be
necessary to use directional over current and directional earth fault relay to detect the
faults at the forward direction of relay. For detection of fault direction, addiional
voltage mputs shall be provided for relay.

The relay shall be provided with a voltage transformer supervision finction to monitor
the AC mput voltages and block operation of the relay when the AC mput is lost on one
or all of phases. This shall be fast enough to enable blocking of protection relay, even
when the input current is equal to the rated current. The directional unit shall have
maximum torque angle selectable from 30 to 70 degrees.

These relays shall have definte and inverse time characteristic with current setting
range from 5% to 200% nominal current, adjustable in steps of 5% and shall comply
with IEC 60255, also, shall be supplemented with an mstantaneous element having a
range 5 to 20 times of'the nominal current.

The instantaneous and mverse time elements shall have separate trip and alarm contacts,
and separate trip indicators.
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Transient over reach of instantancous element with high X/R ratio of primary system
shall be small enough (Less than 5%) and drop off to pickup ratio shall be high enough
(greater than 95%).

c) Sensitive Earth Fault Protection

The sensitive earth fault protection shall be realized with an over current relay with a
very low burden operated from the residual or earth fault current. It should be provided
with a low current setting range of 0.2% to 20% of the rated current, adjustable in steps
of 0.1%. The time delay should be adjustable between 0.5 and 15 sec. This relay shall
have drop off to pickup ratio greater than 95%.

This relay shall be operated n two stages. The first stage, should emit alarm and the
second stage should trip the relavant circuit breakers and mittiate the lock-out relays.
Separated trip and alarm output contacts shall alko be provided.

d) Single and Three Phase Auto Reclose and Synchrocheck Relay

The transmission over head line protection shall be designed for single phase and three
phase reclosing. Auto reclosing shall only take place if the tripping is mitiated by the
first zone of distance protection, directional earth fault or distance protection inter trip
schemes. When energizing the lne, until 3 Sec. the auto reclosing shall be blocked.

In the case of one and half circuit breaker or ring arrangement, the reclosing relays shall
be provided with a priority circuit, which shall permit programming of the breaker
reclosing sequence when two breakers are bemg controlled. The following reclosing
modes shall be possible:

- Close breaker A only

- Close breaker B only

- Close breaker A first followed by breaker B only after successfully reclosing breaker
A orvice versa

- Close breaker A and B simultancously (for single phase trips only)

Fach CBs shall be equipped with separate auto reclosure for complete independent
operation.

The reclosing relay shall be provided with inputs to accept reclosing initiation from two
or more line protection relays. Whenever the inputs of the relays are inconsistent in the
phase to be tripped, the reclosing relay shall change the tripping mode to three phase.

The reclosing relay shall be provided with blocking mputs for such purpose as delayed
distance relay tripping, manual closing of breakers, pole discordance, breaker failure
trip, msufficient circuit breaker stored energy for close-trip sequence, communication
channel failure and etc. A blocking signal shall override and interrupt an intiated
reclosing cycle and reset the reclosing relay. Depending on the blocking signal,
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blocking shall either remain as long as the blocking input is present, or shall result n
lock-out.
The auto reclose shall have an nternal timer for setting of dead time.

The time duration in which the breaker is open shall be preselectable between 300 up to
1500 ms m step of 50 ms.

Provision shall be supplied for blocking the auto reclosing from the local control panel
and by remote control .

Auto reclosure shall be equipped with counter . In case of single phase reclosing,
separate counters for single phase and three phase reclosmg shall be provided too,
manual closing shall be considered by counter.

The synchrocheck relays shall provide permissive functions when three phase
autoreclosing is  performed. These relays/functions can be integrated m the
autoreclosing relays. (The synchro check function for autoreclosing only).

The synchrocheck relay shall have adjustable settings as follows, these functions to suit
the actual application requirements, for high speed reclosing of transmission lines :
- The voltage magnitudes on both sides of the breaker shall be higher than 0.8 pu before
synchro check takes place.
The difference m voltage magnitude shall be less than the adjustable setting of 0.05-
0.3 pu of rated line voltage in steps of not more than 0.05 pu.
The difference in phase angle shall be less than the preset value adjustable within 5° to
60° .
Frequency difference is less than 0.2 Hz
Live bus (or line) conditions shall be detectd when the voltage exceeds 0.8 pu of the
bus (or line) voltage.
- Dead line (or bus) conditions shall have a voltage level setting of about 0.3 — 0.5 pu of
the voltage.

e) Over Voltage Protection

Due to possibilty of over voltages during light load transmission or when the line is
energized from one end, an over voltage relay shall be considered. The relay shall be
equipped with facility to send a direct trip signal to the remote end CBs for complete
isolation of'the line and the equipment comnected to it n case of operation.

The over voltage protection shall generally consist of definite time characteristic, and
have a settng range from 100% to 120% of rated voltage with very high drop off to
pickup ratio (more than 95%) and continuously adjustable time delay of 2 to 20 Sec. ,
mverse time characteristic over voltage relay may be provided upon the approval of the
consulting Engmeer.

Zero Voltage Protection
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The transmission line protection include equipment for zero voltage tripping which
isolates line afier 7s following a drop of all phase voltages to less than 50%. The
equipment shall be provided with three phase voltage sensing under voltage relays. The
equipment shall only operate for low voltage in all three phases. The function is
necessary to avoid spurious tripping due to removal of fuses in the measured voltage
circut. After operation of the relay, the tripping signal shall be mterrupted after about
2s, regardless of whether or not the voltage has been reestablished. The operation of the
zero voltage equipment shall be blocked automatically when the series disconnectors of
the line have been opened, so that spurious tripping is prevented when the Ine is
isolated .

CHAPTER 7 : POWER TRANSFORMER PROTECTION

GENERAL :

Transformers are divided to transmission and distribution. These are including three or
two winding power transformers or autotransformers.

The transformer protection shall comprise of H.V, M.V and L.V side protections and be
divided into SUB I & SUB II (Mamn and Back-up).

The protection relays shall be comnected to mstrument transformers as shown in
appended drawings.

Main protections consist of differential, restricted earth fault (HV & MYV), over flux or
over voltage, zero voltage and some mechanical protections with tripping and closing
circuit devices.

Back up protections consist of overcurrent (HV, MV), earth fault (HV, MV), high set
and low set over current (LV), over current and earth fault for Aux/earthing
transformer, circuit breaker faiwe, short zone, lock-out protection and some
mechanical protections with tripping and closing circuit devices.

Each part of the transformer protection as specified hereinafier shall be designed and
finalized with consulting Engineer. A suitable mtertrip scheme shall be applied to the
transformer bay, trippmg all circuit breakers belonging to each of the transformer
windings.

a) Differential protection

The transformer differential protection devices shall be able to protect two and three
winding transformers. The protection principle is the comparison of currents of the
different voltage levels to detect any difference ie. fault condttion. The measured
current values are defined as restran and differential currents. Tripping takes place if
the comparison of the restraming/differential current is within the tripping zone. All
faults within the protection zone e.g. phase faults, earth faults and internal fualts shall be

recognized.

Protection System Specificaion
REV.C




ol 5 g S b1ocdd 6ol (52130 Olbos Acdlio

3B TS 55 %8 &5 i o 2l 55,91 720 G5 3 oty Ui 5311

O Zuls (5551 s =S50
Parsian Gulf Fajr Energy Co.

RELAY.23

The relays should use a bias characteristic with three sections, the first section is set
higher than the transformer magnetising current, the second section is set to allow for
off nominal tap setting, while the third section has a larger bias slope beginning well
above the rated current to cater for heavy through fault conditions.

The measured values are compared phase by phase. If there is one faulty phase,
tripping shall takes place. If in only one phase mrush conditions are detected, tripping
is restramed. The command time of the relay shall not be higher than about 25 nx.

The relay shall have an adjustable mmimum pickup sensitivity of 20% and a bias
characteristic slope of at least 15%. In case of heavy internal fault the tripping time
acceleration scheme shall cleared the fault within 20 msec.

The differential protection fimction shall be provided with 2" harmonic restraint to
avoid tripping at magnetizing inrush and 5 harmonic restraint to avoid tripping at over
excitation.  Recovery imrush and CT saturation shall not mfluence the differential
function. Also the d.c. offset must not affect the operating characteristic of the relay.

Zero sequence compensations in the transformer differential protection shall be
provided. This function is required to provide stabilizing effect under heavy transient
through fault conditions.

Internal mterposing current transformer (ICT) shall be considered m the differential
relay for phase and ratio correction of main CTs.

b) Restricted Earth Fault Protection

High or low impedance restricted earth fault protection schemes are required for each
neutrally earthed voltage level's winding. It shall be comnected to dedicated CT cores
on the HV and / or MV and the neutral connections to the transformer and earthng/ Aux.
transformer according to appended drawing,

It shall have a sensitive setting to detect earth faults at least for 10% of the power
transformer windings from neutral. It shall remain stable for through faults. The relay
shall have an operating time of less than 20 ms.

The relay shall be unaffected by harmonics and d.c. components existing in the current
mput of the relay.

For high impedance type, the related CTs shall be at equal ratios, identical magnetising
characteristics and identical secondary resistance. The magnetising current shall be
minimized practically in order to maximise the sensitivity of this protection.

Externally comnected nonlinear resistor shall be used at the CT summation point to
protect the CTs and relay from high peak voltage during mteral faults. Also, stabilizing
resistor shall be used for stabilzing during external faults that calculated by contractor
and approved by consulting Engineer.

c) Overflux protection
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Over flux protection shall be provided for transmission and power plant substations.
This protection shall be based on the measurement of V/HZ and operated in two stages.
The first, should be an adjustable alarm and the second stage, it should be tripped the
circutt breaker and mitiated lock-out relays. The second stage shall have an mverse
time charactristic and be matched to the thermal characteristics of transformer.
Separated trip and alarm output contacts shall be provided.

This relay shall have drop off to pickup ratio greater than 95%. Over flux protection
shall not be applied on the power transformer side with an OLTC mstalled.

d) Over Voltage Protection

Three phase over voltage protection shall be provided for distribution substations and
transmission substations (if required). This relay shall have an mverse time charactristic
and be mounted to the thermal charactristics of transformer upon the approval of
Engineer. Separate trip and alarm output contacts shall be included. Also, definte time
charactristic of over voltage relay should be provided with time delay function
adjustable between 2 to 20 second. This relay shall have drop off to pickup ratio greater
than %95.

e) Zero Voltage Protection

The transformer protection include equipment for zero voltage trippng which isolates
the transformer after 7 sec. following a drop of all phase voltages to less than 50%.
The equipment shall only operate for low voltage in all three phases. In the event of a
low voltage in only one or two phases, the automatic control equipment shall be blocked
after 2s and an indication shall be provided. The finction is necessary to avoid spurious
trippng due to removal of fuses n the measured voltage circuit. After operation of the
relay, the tripping signal shall be mterrupted after about 2s, regardless of whether or not
the voltage has been reestablished. The operation of the zero voltage equipment shall
be blocked automatically when the series disconnectors of the transformer have been
opened, so that spurious tripping is prevented when the transformer is isolated.

1)) Over Current and Earth Fault Protection

For each winding of a power transformer or Aux. transformer (if required), a three
phase over current relay with difinte and mverse time elements shall be provided for
over current protection. These elements shall comply with IEC 60255.

The over current IDMT elements shall have current ranges from 5% to 200% nominal
current, adjustable in steps of 5%.

Each over current element shall be supplemented with an instantaneous element having
a range 5 to 20 times nominal current. It should also be capable of being set to mfinity.
The instantaneous and the IDMT elements shall have separate trip and alarm contacts
and separate trip indicators.
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An earth fault element connected to the power transformers and aux/earthing
transformers neutral CTs, having the same curve specification as the over current
elements are provided.

The delta connected tertiary windings shall be provided with tertiary over current
protection. The relay shall be connected to CT located inside the tertiary windings and
not in the tertiary bushings. In case of no load comnection, the CTs should be single
phase but in load connection case, three single phase CTs should be supplied in which
each one mstalled on seperate phase of tertiary wmnding. The protection shall comprise
of two single phase over current relays whose coils are connected in series and contacts
in paralel.

One unit shall be normal mverse time relay along with associated long range timers to
protect the tertiary windings for low magnitude faults by being set for a low pickup
based on less than tertiary rated current. The second unit shall be high set with normal
mverse characteristics with associated timers. The high set relay shall be allowing pick
up value of 150% or more of tertiary rated current and shall be protecting the windings
for moderate to heavy faults.

The inverse time characteristics of both units should comply with LE.C. 60255. The
timers shall be selected based upon tertiary windings heat curves.

All of over current protections shall be considered to avoid maloperation of this
protection under various transformer energization and switching conditions.

Transient overreach of instantancous element with high X/R ratio of primary system
shall be small enough (less than 5%) and drop off to pickup ratio shall be high enough
(greater than 95%).

The three phase thermal overload fuction protects the msulation against thermal stress.
It is used when oil or winding over temperature detectors are not installed. The thermal

protection is provided with two independently set levels for alarm and tripping,

In delta connection side of transformers that is not earthed or separated from
aux/earthing transformer in order to commissioning operation and maintenance, zero
sequence voltage protection shall be provided to clear earth faults on the unearthed
windings. The zero sequence voltage shall be derived by the use of intermediate voltage
transformer located in protection panels. No open-delta P.T. connection shall be made
n switchyard.

2) Sensitive Earth Fault Protection

The sensitive earth fault protection shall be realized with an over current relay with a
very low burden operated from the earth fault current. It should be provided with a low
current setting range of 0.2% to 20% of the rated current, adjustable in steps of 0.1%.
The time delay should be adjustable between 0.5 and 15 sec. This relay shall have drop
offipickup ratio greater than 95%. This relay only shall operate the alarm inttiation.
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h) Mechanical Protection

The transformer, according to its voltage level and nominal power include different
types of mechanical protection. Generally, these protections consist of two stages
operation n which at the first stage of mechanical protection operation begns to alarm
and in the second stage it trips to the circut breakers locating at each side of the
transformer and simoulktanously lock them.  These protections are divided to two
categories of SUB I & SUB II (Main and Back-up) according to consultant Engineers
recommendation.

The trip signal from the pressure relief device and buchholz relay of the transformers
shall be located in SUB II (Back-up).

Since mechanical protection trips are in form of latch contact, it is essential that the
contractor utilize a timer for both main & backup trips for the purpose of self reset. In
order to repeat mechanical protections, it is necessary to use a flag auxilliary relay. For
high speed mechanical protection such as buchholz, pressure relief and ete., it is
essential to use high speed and flag auxiliary relay, m which & should be finalized
according to consulting Engmneer's recommendation at design stage. In the excitation
circut of lock-out relay, it is essential to use directly a mechanical protection relay
contact, (not a timer contact) and to prevent a lock-out relay coil from continuous
energization, it is necessary to use a normaly close contact of the lock-out relay in the
excitation circutt of set coil m series form.

In cases, which is necessary to close a circuit breaker like one and half CB or ring
arrangement, during mamtenance period and etc. , it is essential to use a normaly open
contact of HV disconnector switch mn mechanical trip excitation circuit of set coil (lock-
out relay).

These mstructions is valid for Aux/Earthing transformers and OLTC mechanical
protections too.

CHAPTER 8: REACTOR PROTECTION
GENERAL

Reactor shall be equipped with protections which is divided to SUB I & SUB II (Main
and Back-up).

Main protection consist of differential and some mechanical protections with tripping
and closing circuit devices.

Backup protections consist of overcurrent and earth fault, circuit breaker failure, lock-
out protection and some mechanical protections with tripping and closing circuit
devices. The protection relays shall be connected to nstrument transformers as shown
m appeded drawings.
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If the reactor is comnected directly to the transmission line the reactor protections should
trip the line breakers, otherwise they shall trip CBs of the reactor's.

a) Restricted Earth Fault Protection

High and low impedance restricted earth fault protection schemes are required for
reactors. It shall be comnected to dedicated phases bushing CT cores and neutral
bushing CT.

The relay shall have an operating time of less than 20 ms.

The relay shall reman unaffacted m harmonics and d.c. components existng mn the
current mput of the relay.

For high impedance type, the related CTs shall be at equal ratios, identical magnetising
characteristics and identical secondary resistance. The magnetising current shall be
minimized practically in order to maximise the sensitivity of this protection.

Externally connected nonlinear resistor shall be used at the CT summation point to
protect the CTs from high peak voltage during mternal faults. Also, external resistor
shall be used for stablizing during external faults that calculated by contractor and
approved by consulting Engineer.

b) Over Current and Earth Fault Protection

A three phase over current and earth fault relay with difinite time elements shall be
provided for this protection. These elements shall comply with IEC 60255.

The over current and earth fault elements shall have current ranges from 5% to 200%,
adjustable m steps of 5%.

Each over current and earth fault element shall be supplemented with an mstantaneous
element having a range 5 to 20 times nominal current. It shall also be capable of being
set to nfinity.

Provisions shall be considered to avoid maloperation of this protection under various
reactor energization and switching conditions.

Transient overreach of instantancous element with high X/R ratio of prianmry system

shall be small enough (less than 5%) and drop off to pickup ratio shall be high enough
(greater than 95%).

c) Mechanical Protection
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The reactors according to its voltage level and nominal power include different types of
mechanical protection. Generaly, these protections consists of two stages operation in
which at the first stage of mechanical protection operation, begins to alarm and in the
second stage it trips to the circuit breakers and simouttanously lock them.  These
protections are divided to two categories SUB I and SUB II (Main & Back-up)
according to consultant Engineers recommendation.

The trip signal from the pressure relief device and buchholz relay of the reactors shall
be located m SUB II ( Back-up).

Since mechanical protection trips are in form of latch contact, it is essential that the
contractor utilize a timer for both SUB I & SUB II (Main and Back-up) trips for the
purpose of self reset. In order to repeat mechanical protections, it is necessary to use a
flag auxiliary relay. For high speed mechanical protection such as buchholtz, pressure
relief and etc., it is essential to use high speed and flag auxiliary relay, in which it
should be finalized according to consulting Engmeer's recommendation at design stage.
In the excitation circuit of lock-out relay, it is essential to use directly a mechnical
protection relay contact, (not a timer contact) and to prevent a lock-out relay coil from
continuous energization, it is necessary to use a normaly close contact of the lock-out
relay in the excitation circuit of set coil in series form.

In case of reactor connected to line directly, if its necessary to energize the line without

reactor (durmg maintenance), it is essential to use a normaly open contact of reactor
disconnector switch in excitation circuit of lock-out relay set coil.

CHAPTER 9: POWER PLANT FEEDER PROTECTION

GENERAL

This section specifies the protection system and devices required for protecting of H.V
feeders, which comnects the generator transformers to the transmission substations as
shown mn drawings .

The power plant protection is divided mto SUB I & SUB II (Main and Back-up). SUB I
(Main) protections consists of unit protection differential, zero voltage protection with
tripping and closing circutt devices.

Backup protections consist of directional over current, directional earth fault, sensitive
earth fault (for cable feeders), circuit breaker failure, short zone and lock-out protection
with tripping and closing circuit devices.

The protective relays shall be comnected to mstrument transformers as shown in
appended drawings. Each part of the power plant feeder protection as specified
heremafter shall be designed and finalized with Engmeer.

a) Unit Protections (Differential)
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Unit protections include current differential, phase comparison, etc., which only detects
faults in the zone between the relays (Termmals) that installed in both sides of feeder.
(Suitable for overhead lnes and cables)

This protection must be stable aganst through fault and CT saturation with suitable
operating charactristic.

Dual redundant commwmnication lnk is needed to allow exchange of mformation
between the relays at the feeder ends.

Communication link between the relays can be accomplished with any pilot wires, PLC,
Radio link and optical fiber which should be approved by Engneer.

Over current protection fiunction shall be included m differential relays. If the
communication link is destroyed, unit protection exchange to over current protection.

Each terminal should have an internal compensator finction for difference of CT
characteristics that are installed at both ends of the feeders.

Second harmonic restran must be used to stabilize the protection against mrush current
when the protected feeder is connected to transformer.

In case of triangulated connection of feeders, the contractor should considere three
terminals, i which, each terminal shall have communication with other terminals, one
by one, separately.

b) Directional Over Current and Directional Earth Fault Protection

When fault current can flow m both directions through the relay location, t may be
necessary to use directional over current and directional earth fault relay to detect the
faults at the forward direction of relay. For detection of fault direction, additional
voltage mputs shall be provided for relays.

The relay shall be provided with a voltage transformer supervision finction to monitor
the AC mput voltages and block operation of the relay when the AC nput is lost on one
or all of phases. This shall be fast enough to enable blocking of protection relay, even
when the mput current i equal to the rated current. The directional unit shall have
maximum torque angle selectable from 30 to 70 degrees.

These relays shall have definte and mverse time characteristic with current setting
range from 5% to 200% nominal current, adjustable in steps of 5% and shall comply
with IEC 60255, also, shall be supplemented with an mnstantaneous element having a
range 5 to 20 times of'the nomimal current.

The instantaneous and nverse time elements shall have separate trip and alarm contacts,
and separate trip indicators.
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Transient over reach of nstantancous element with high X/R ratio of primary system
shall be small enough (Less than 5%) and drop off to pickup ratio shall be high enough
(greater than 95%).

c) Zero Voltage Protection

The power plant feeder protection mclude equipment for zero voltage tripping which
isolates the power plant feeder after 7 sec. Following a drop of all phase voltages to less
than 50%. The equipment shall be provided with three phase voltage sensing under
voltage relays. The equipment shall only operate for low voltage m all three phases.
The finction is necessary to avoid spurious trippng due to removal of fuses in the
measured voltage circut. After operation of the relay, the tripping signal shall be
mterrupted  after about 2s, regardless of whether or not the voltage has been
reestablished. The operation of the zero voltage equipment shall be blocked
automatically when the series disconnectors of the feeder have been opened, so that
spurious tripping is prevented when the feeder is isolated.

d) Sensitive Earth Fault Protection

The sensitive earth fault protection shall be realized with an over current relay with a
very low burden operated from the residual or earth fault current. It should be provided
with a low current setting range of 0.2% to 20% of the rated current, adjustable in steps
of 0.1%. The time delay should be adjustable between 0.5 and 15 sec. This relay shall
have drop off to pickup ratio greater than 95%.

This relay shall operate in two stages. The first should emit alarm and the second staget
should send trip signal to related cicuit breaker and initiate the lock-out relays.
Separated trip and alarm output contacts shall be provided.

CHAPTER 10: SHORT LINE FEEDER PROTECTION

GENERAL

These lines are too short for most type of distance relays and faults mpedance would be
lower than the smallest impedance that could be computed by the relay.

Moreover, in some cases the impedance that distance relay detects is more than the
actual impedance (over reach) or viceversa (under reach). so the necessity of using unit
differential protection mnstead of distance protection m these cases are clear.

Short line feeders are defined for feeders with length of approximately less than 4Km,
that approved by consulting Engneer. This section specifies the protection system and
devices required for protecting of the short line feeders.
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The short line protection is divided mto SUB I & SUB II (Main and Back-up). SUB I or
main protections consist of unit protection (differential) and zero voltage protections
with tripping and closing circuit devices.

SUB 1II or backup protection consist of directional over current, directional earth fault,
sensitive earth fault (for cable feeders), circuit breaker failure, short zone, auto recloser,
synchrocheck, pole discordance (if required) and lock-out with tripping and closing
circut devices.

The protective relays shall be comnected to mstrument transformers, as shown in
appended drawings. Each part of the short lne feeders protection as specified
heremafter shall be designed and finalized with consulting Engineer.

a) Unit protections (differentional)

Unit protections include current differential, phase comparison, etc., which only detects
faults in the zone between the relays (termmals) that installed n both sides of feeder.
(Suitable for overhead lines and cables)

This protection should be stable against through fault and CT saturations with suitable
operating charactristic.

Dual redundant commumication links is needed to allow exchange of nformation
between the relays at the feeder ends.

Communication link between the relays can be accomplished with any pilot wires, PLC,
Radio link and optical fiber which shall be approved by Engineer.

Over current or distance protection finction shall be included in differential relays. If
the communication link is destroyed, unit protection exchange to above protections. For
this means, the contractor shall be supplied all of necessary requirements.

In case of over head line, each terminal must be able to emit single pole trip for
mitiation of single pole auto reclose (if required).

Fach terminal shall have an iternal compensator finction for difference of CT
characteristics that are installed at both ends of the feeders.

Second harmonic restrain must be used to stablize the protection against inrush current
when the protected feeder is conneced to transformer.

In case of triangulated comnection of feeders, the contractor must consider three

termnals, that each terminal must commumicate with other terminals, one by one,
separately.

b) Directional Over Current and Directional Earth Fault Protection.
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When fault current can flow m both directions through the relay location, t may be
necessary to use directional over current and directional earth fault relay to detect the
faults at the forward direction of relay. For detection of fault direction, additional
voltage mputs shall be provided for relays.

The relay shall be provided with a voltage transformer supervision function to monitor
the AC mput voltages and block operation of the relay when the AC mput is lost on one
or all phases. This shall be fast enough to enable blocking of protection relay, even
when the input current is equal to the rated current. The directional unit shall have
maximum torque angle selectable from 30 to 70 degrees.

These relays shall have definte and mverse time characteristic with current setting
range from 5% to 200% nominal current, adjustable in steps of 5% and shall comply
with IEC 60255, also, shall be supplemented with an instantaneous element having a
range 5 to 20 times of'the nominal current.

The instantaneous and nverse time elements shall have separate trip and alarm contacts,
and separate trip indicators.

Transient over reach of mstantancous element with high X/R ratio of primary system
shall be small enough (Less than 5%) and drop off to pickup ratio shall be high enough
(greater than 95%).

c) Zero voltage protection

The short line protection include equipment for zero voltage tripping which isolates the
short line after 7 sec following a drop of all phase voltages to less than 50%. The
equipment shall be provided with three phase voltage sensing under voltage relays. The
equipment shall only operate for low voltage i all three phases. The function is
necessary to avoid spurious tripping due to removal of fuses in the measured voltage
circutt. After operation of the relay, the tripping signal shall be interrupted after about
2s, regardless of whether or not the voltage has been reestablished. The operation of the
zero voltage equipment shall be blocked automatically when the series disconnectors of
the feeder have been opened, so that spurious tripping is prevented when the feeder is
isolated.

d Sensitive Earth Fault Protection

The sensitive earth fault protection shall be realzed with an over current relay with a
very low burden operated from the residual or earth fault current. It should be provided
with a low current setting range of 0.2% to 20% of the rated current, adjustable m steps
of 0.1%. The time delay should be adjustable between 0.5 and 15 sec. This relay shall

have drop off to pickup ratio greater than 95%.

This relay shall operate in two stages. The first should emit alarm and the second staget
should send trip signal to related circut breaker and intiate the lock-out relays.
Separated trip and alarm output contacts shall be provided.
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e) Single and Three Phase Auto Reclose and Synchrocheck Relay

The short line protection shall be designed for single phase and three phase reclosing
Auto reclosing shall only take place if the tripping is initiated by the unit protection.
When energizing the line, until 3 Sec. the auto reclosing shall be blocked.

In the case of one and half circut breaker and ring arrangement, the reclosing relays
shall be provided with a priority circuit, which shall permit programming of the breaker
reclosing sequence when two breakers are bemg controlled. The following reclosing
modes shall be possible:

- Close breaker A only

- Close breaker B only

- Close breaker A first followed by breaker B only after successfully reclosing breaker
A or vice versa

- Close breaker A and B simultancously (for single phase trips only)

cach CB shall be equipped with separate auto reclosure for complete mdependent
operation.

The reclosing relay shall be provided with blocking inputs for such purpose as manual
closing of breakers, pole discordance, breaker failure trip, msufficient circuit breaker
stored energy for close-trip sequence, communication channel failure and etc. A
blocking signal shall override and mterrupt an inttiated reclosing cycle and reset the
reclosing relay. Depending on the blocking signal blocking shall either remain as long
as the blocking mput is present, or shall result in lock-out.

The auto reclose shall have an mternal timer for setting of dead time. The time duration
m which the breaker is open shall be preselectable between 300 up to 1500 ms m step of
50 ms.

Provision shall be supplied for blocking the auto reclosing from the local control panel
and by remote control .

Auto reclosure shall be equipped with counter. In case of sigle phase reclosing,
separate counters for single phase and three phase reclosing shall be provided too,
manual closing shall be considered by counter.

The synchrocheck relays shall provide permissive fiunctions when three phase
autoreclosing is performed. These relays/functions can be integrated m the
autoreclosing relays. (The synchro check finction for autoreclosing only).

The synchrocheck relay shall have adjustable settings as follows, these functions should
sutt the actual application requirements, for high speed reclosing of transmission lines :
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- The voltage magnitudes on both sides of the breaker shall be higher than 0.8 pu before
synch-check takes place.
The difference m voltage magnitude shall be less than the adjustable setting of 0.05-
0.3 pu of rated line voltage m steps of not more than 0.05 pu.
The difference in phase angle shall be less than the preset value adjustable within 5° to
60° .
Frequency difference is less than 0.2 Hz.
Live bus (or line) conditions shall be detectd when the voltage exceeds 0.8 pu of the
bus (or line) voltage.
- Dead line (or bus) conditions shall have a voltage level setting of about 0.3 — 0.5 pu of
the voltage.

CHAPTER 11: DISTRIBUTION FEEDER PROTECTION

GENERAL

Distribution feeders include 33KV, 20KV, 11KV and 6.6KV outgoing feeder. This
section specifies the protection system and devices required for protecting of the
distrbution feeders. 'The protection shall be comnected to mstrument transformers as
shown m appended drawing,

Distribution feeder protection consist of over current, earth fault, sensitive earth fault
(for cable feeders), autorecloser, synchrocheck and lock-out protections with tripping
and closing circuit devices.

Each part of the distribution feeder protection as specified heremnafter shall be designed
and finalized with consultant Engineer.

a) Over Current and Earth Fault Protection

A three phase over current and earth fault relay with difinte and mnverse time elements
shall be provided for this protection. These elements shall comply with IEC 60255.

The over current and earth fault IDMT elements shall have current ranges from 5% to
200%, adjustable in steps of 5%.

Each over current and earth fault element shall be supplemented with an nstantaneous
element having a range 5 to 20 times nominal current. It should alo be capable of
being set to infinity. The mstantancous and the IDMT elements shall have separate trip
and alarm contacts and separate trip mdicators.

Provisions shall be considered to avoid maloperation of this protection under various
feeder energization and switching conditions.

Transient overreach of instantancous element with high X/R ratio of priamry system
shall be small enough (less than 5%) and drop off to pickup ratio shall be high enough
(greater than 95%).
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b) Sensitive Earth Fault Protection

The sensitive earth fault protection shall be realized with an over current relay with a
very low burden operated from the residual or earth fault current. It should be provided
with a low current setting range of 0.2% to 20% of the rated current, adjustable in steps
of 0.1%. The time delay should be adjustable between 0.5 and 15 sec. This relay shall
have drop off to pickup ratio greater than 95%.

The sensitive earth fault relay shall be connected to core balance CT.

This relay shall operate in two stages. The first should emit alarm and the second staget
should send trip signal to related circut breaker and mitiate the lock-out relays.
Separated trip and alarm output contacts shall be provided.

c) Autoreclose and Synchro check Relays

The distributaion feeder protection shall be designed for three phase reclosing. Auto
reclosing shall only take place if the tripping is mitiated by over current and earth fault
protection.

The reclosing relay shall be provided with blocking mputs for such purpose as manual
closing of breakers, msufficient circuit breaker stored energy for close-trip sequence and
ete. A blocking signal shall override and mterrupt an inttiated reclosing cycle and reset
the reclosing relay. Depending on the blocking signal, blocking shall either remain as
long as the blocking mput is present, or shall result m lock-out.

The auto reclose shall have an internal timer for settng of dead time. The time duration
i which the breaker is open shall be preselectable between 200 up to 1500 ms i step of
50 nx.

Provision shall be made for blocking the auto reclosing from the local control panel and
by remote control .

Auto reclosure shall be equipped with counter.
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CHAPTER 12: CAPACITOR FEEDER PROTECTION

GENERAL

This section specifies the protection system and devices required for protecting the
capacitor feeders.

The protection shall be comnected to mstrument transformers as shown m appended
drawing,

Capacitor feeders protection consist of over current, earth fault, sensitive earth fault (for
cable feeders), unbalance current, over voltage, under current and lock-out protections
with tripping and closing circut devices.

a) Over Current and Earth Fault Protection

A three phase over current and earth fault relay with difinite time elements shall be
provided for this protection. These elements shall comply with IEC 60255.

The over current and earth fault elements shall have current ranges from 5% to 200%,
adjustable n steps of 5%.

Each over current and earth fault element shall be supplemented with an mstantancous
element having a range 5 to 20 times nominal current. It should alo be capable of
being set to mfinity. The instantancous and the elements shall have separate trip and
alarm contacts and separate trip indicators.

Provisions shall be considered to avoid maloperation of this protection under various
feeder energization and switching conditions.

Transient overreach of mstantancous element with high X/R ratio of priamry system
shall be small enough (less than 5%) and drop off to pickup ratio shall be high enough
(greater than 95%).

b) Sensitive Earth Fault Protection

The sensitive earth fault protection shall be realized with an over current relay with a
very low burden operated from the residual or earth fault current. It should be provided
with a low current setting range of 0.2% to 20% of the rated current, adjustable in steps
of 0.1%. The time delay should be adjustable between 0.5 and 15 sec. This relay shall
have drop off to pickup ratio greater than 95%.

This relay shall operate in two stages. The first should emit alarm and the second staget
should send trip signal to related circuit breaker and inttiate the lock-out relays.
Separated trip and alarm output contacts shall be provided.

The sensitive earth fault relay shall be connected to core balance CT.
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©) OverVoltage Protection

Three phase over voltage protection shall be provided for capacitor feeders. This relay
shall have an mverse time charactristic upon the approval of the Engineer. Separate trip
and alarm output contacts shall be mncluded. Also, definte time charactristic of over
voltage relay should be provided with time delay function adjustable between 2 to 20
second. This relay shall have drop off to pickup ratio greater than %95.

d) Unbalance Current Protection

Sensitive definite time current relay is designated to detect unbalance by sensing current
passing through jointed star neutral point (harmonic restrained) with two stages, one for
alarm and the other for trip function.

Unbalance protection is normally provided for arcing faults within a capacitor bank and
other abnormalities that may damage capacitor elements /units.

In same capacitor arrangement, for unbalance protection, voltage sample could be used.
e) Under Current Protection

Special requirments must be considered in closing of capacttor bank circuit breaker.
Once disconnected from the system a shunt capacitor bank can not be reinserted
mmediately due to the electrical charge trapped within the capacitor units, otherwise

catastrophic damage to the circuit breaker or switch can occur.

Undercurrent relay with timer are used to detect the bank going out of service and
prevent closing the breaker until the set time has elapsed.

CHAPTER 13: BUS-BAR PROTECTION

GENERAL

Each 400KV, 230KV, 132KV and 63KV bus-bar shall be protected by high or low
mpedance differential bus-bar protection according to appended drawings.

Each 33KV, 20KV, 11KV and 6.6KV bus-bar shall be protected by zero voltage
protection according to appended drawings.

when a bus-bar fault occurs, all circuit breakers connected to the faulted bus-bar section
shall be tripped simultaneously, whether they can feed fault current or not.

The bus-bar protection shall have independent bus-bar zones suitable for substation bus-
bar designation.

If bus-bar protection has msufficient output contacts for trip of all respective circuit
breakers, the contractor shall supply separate high burden trip relays for this means,
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sufficientty. These trip relays shall be mndependent of other protections and used only
for bus-bar protection alone to trip the circuit breakers comnected to faulty bus-bar
directly.

Extension of the bus-bar protection system shall be possible easily. The protection
cubicles shall already be wired for the possible total number of feeders. Thus, later on,
the respective modules or parts for extension can easily be fitted to the protection
system.

The extension of bus-bar protection cubicles shall be possible for any future feeders
and/or bus-bar configuration by adding additional cubicles.

Prior to manufacturing the contractor shall mndicate the remamning extension
possibilities in the same cubicles and the final quantity of provisions for future feeders
which shall be approved by the Employer/Engineer.

a) High Impedance Differential Bus-Bar Protection

The bus-bar protection shall be offered as unbiased high mpedance circulating current
type protection being capable of detecting three phases, phase to phase and phase to
earth faults, under all system plant conditions.

The protection shall not be intiated by spurious tripping on maximum DC offset and
maximum short circuit power on external faults under CT saturation of any related
feeders.

The bus-bar protective equipment shall not be affected by harmonic circulating currents
such as a multiple earthed power system.

The related CTs shall be at equal ratios, identical magnetizing characteristics and
identical secondary resistance. The magnetizng current shall be mmimized practically
in order to maximize the sensttivity of this protection.

Current transformer secondary wiring rings shall be formed at the bus-bar protection
relay panels and not at the switchgear cubicles.

The fault settng for any type of fault shall be selectable from 10% of the minimum fault
current available.

The operating time of the measuring relays shall not exceed 20 ms at five times the
relay current setting.

Automatic and continuous supervision of CT circuits shall be provided. Operation of the
supervision equipment shall give local and control room alarms and shall take the
defective protection zone out of service by short circuiting the current transformer bus
wiring. These actions must be provided even in case a failure occurs i the associated
secondary wiring of CT when any primary circuit is carrying full load current. Current
transformer shorting relays shall be hand reset latching devices with contacts capable of
carrying for three seconds a secondary current equivalent to the maximum fault current
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and a voltage capability across open contacts of 3KV peak. Also, separated measuring
elements shall be provided for each phase.

Externally comnected nonlinear resistor shall be used at the CT summation point to
protect the CTs from high peak voltage during mternal faults. Also, external resistor
shall be used for stabilzing during external faults that calculated by contractor and
approved by Engmneer.

The offered bus-bar protection shall ensure fully discriminative fault clearance i all
possible operational configurations for the double bus-bar arrangement.

For double bus-bar arrangements two independent systems shall be provided for each
bus-bar fed from separate current transformer, one designated the discrimmnating zone
and other designated as check zone. The discrimmating zone shall comprise of a
separate differential scheme covering all it's bus-bar sections and check zone shall
comprise of one differential scheme covering all of sections connected to two bus-bars.

Releasing of a trip command shall be based on two different trip criteria. For a faulty
bus-bar, tripping shall mitiate all connected circuits.

For double bus-bar arrangement, the check zone system shall have no auxiliary contacts
in the current transformer circuits.

Farly make and late break type auxiliary contact of mamn disconnector shall be
employed for discriminating zone of double bus-bar protection. The auxiliary contact
shall not be repeated by auxiliary relays.

b) Low Impedance Differential Bus-bar Protection

Each bus-bar can be protected by low impedance differential bus-bar protection
according to designation condition. In case of a bus-bar fault, the protection shall trip
and lock-out the respective feeders of the faulty bus-bar. The bus-bar protection is
preferred to design as a distributed system with a main untt (central unit) and feeder
units (Bay unit) communicating via fiber comnection. Feeder units and mamn unit may
be mstalled m common protection cubicle or m the related feeder controlprotection
cubicle.

The central unit shall have a star coupler module to transfer data from Bay units to the
central processor via the star coupler protocol system.

The protection shall have the following properties:

- It shall be a phase segregated protection scheme without summation CTs

- It shall be sensitive to both short circuits and earth faults within the bus system.

-The protection time ncluding tripping relays shall be less than one period ie. 20 ms for
50 Hz.

-The protection shall withstand short circuit currents thermally and dynamically for 1
sec.
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Bus-bar protection must not give spurious trippng on maximum DC offset and
maximum short circuit power on external fault under CT saturation of any related
feeders.

The finction of the protection shall supervise all CT secondary loops and shall be
blocked if a measuring circuit is faulty.

The protection scheme shall accept single and double bus-bar systems with bus-bar
couplers and bus-bar sectionalizes as well as one and half circuit breaker arrangement.

Combination of NO and NC auxiliary contacts (Late break and early make type) on
each discomector or breaker shall be provided for openmng and closing the bus-bar
replica of the protection. Direct switching of CT secondary circuits is not acceptable.
Full selectivity shall be achieved for every bus-bar zone. The replica of each respective
feeder disconnector and CB shall be incorporated in the logic.

The bus-bar low impedance protection shall have bmary /O module for detection and
processing the posittion of discommectors and breakers, blocking signals, external
resetting signals, etc. (suitable with bus design).

The bay units shall have mput current transformer module containing, the interposing
CTs for measuring phase and neutral currents with termmals for 1A or 5A (depending
on the design).

The bus-bar protection shall be able to operate on current transformers having a wide
range of different ratios and specifications. The transformation to the proper ratio shall
be determined by the input parameter at the bay unit. The analogue signals shall be
fittered, transformed into digital signals with a sampling rate of not less than 48 samples
per period. (2.4KHz).

A continuous and independent monitoring of the CTs circuits, bus-bar disconnector
auxiliary circuits and bus coupler auxiliary contacts shall be provided. If an error is
detected, the protection shall be blocked and alarms shall be dispatched to the next
higher control level.

The DC supply of the protection equipment shall be fed from two independent station
batteries in bus bar protection relays which have redundant power supply.

The setting for any type of fault shall be selectable from 60% of minimum fault current
available.

The extension of the bus-bar protection shall be possible by comnecting firther Bus-bar
protection bay units to the main unit and modification of software parameters.

External resistor could be used for stabilzing during external fault (if required), that
calculated by contractor and approved by Engineer.
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©) Zero Voltage Protection

The busbar Protection Include equipment for Zero Voltage Tripping which isolates bus-
bar feeders affer 7s following a drop of all phase voltages to less than 50%. The
equipment shall be provided with three phase voltage sensing under voltage relays. The
equipment shall only operate for low voltage in all three phases. The function is
necessary to avoid spurious tripping due to removal of fuses m the measured voltage
circutt. After operation of the relay, the tripping signal shall be interrupted after about
2s, regardless of whether or not the voltage has been reestablished.

CHAPTER 14: BUS COUPLER OR BUS SECTION FEEDER PROTECTION

This section specifies the protection system and devices required for protecting the bus
coupler or bus section feeders. The protection shall be comnected to mstrument
transformers as shown in appended drawings.

Bus coupler or bus section feeder protection consists of over current, earth fault, circuit
breaker failure, short zone and lock-out protections with trippmg and closing circuit
devices.

a) Over Current and Earth Fault Protection

A three phase over current and earth fault relay with difinte and mverse time elements
shall be provided for this protection. These elements shall comply with IEC 60255.

The over current and earth fault IDMT elements shall have current ranges from 5% to
200%, adjustable m steps of 5%.

Each over current and earth fault element shall be supplemented with an mstantaneous
element having a range of 5 to 20 times nominal current. It should also be capable of
beng set to mfinty. The mstantaneous and the IDMT elements shall have separated
trip and alarm contacts and separate trip ndicators.

Provisions shall be considered to avoid maloperation of this protection under various
reactor energization and switching conditions.

Transient overreach of instantancous element with high X/R ratio of priamry system
shall be small enough (less than 5%) and drop off to pickup ratio shall be high enough
(greater than 95%).
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CHAPTER 15: TESTING
GENERAL

All of protection equipments must have a type tests certificate according to related IEC
standard and shall be submitted to consulting Engneer.

Equipment which is designed for particularly important finctions shall be subjected to
special testing as stated m this specification according to the relevant IEC standard. If
type and special tests (verified by certificate) are already carried out, new tests specially
for this delivery are not generally necessary. However, client/consultant Engineer has
the right to demand for any/all type and special tests on one or each equipment.

Following routme tests are required for all of protection equipment:

- Pre-factory acceptance test (Pre-FAT) in the country of origm.
- Factory acceptance tests (FAT) m Iran.
- Site acceptance test (SAT) i the substaion

The test program shall include such details as all of relay configuration logic, sequence
of the tests, blank test record sheets, the number of each equipment to be tested, test
procedures, test circuits, along with related IEC standard and detail of the testing
equipment to be used and it's calibration nformation, shall be arranged in a manner that
covers consultant Engineer and client, and after approval submitted to consultant
Engineer at least two weeks before starting of tests in Pre-FAT and FAT.

The contractor shall submit the factory acceptance test (or factory test report) for all of
equipments.

The client/consultant Engineer is fully entitled to obtain mnspection autohorities from out
side his organization for any extra mspection duties which the client/consultant
Engmneer may deem necessary.

The client/consultant Engmeer is fully entitltd to each recommendation and
modification of protection circuit diagrams, wiring, and relays configuration during test
even after approval of the related documens.

a) Special Test

These special tests shall be performed on very important relays and protection systems.
They generally include various types of each relays. The contractor shall furnish the list
of relays for such tests for Engineer's approval.

The tests shall be carried out to establish the characteristics and performance of power
system protection relays, their accuracy and/or sensitivity of measuring, the protection
or other fimctions.
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Simultaneously the correct operation of internal logic (starting, phase selection,
trippmg, etc.) mdications, output contacts, etc. during steady state conditions shall be
examined. Measurement of returning values (reset) of starting functions, the accuracy
of timing finctions, etc. also shall be done. Also the power consumption on AC
current, AC voltage and DC auxiliary circuit shall be measured.

General methods of testing shall be divided mto two main categories: steady state tests
and dynamic tests. The latter shall be divided into single source dynamic tests and
double source dynamic tests. The tests shall be performed with the nfluencing
quantities or factors at their rated values to establish the basic characteristics at first, and
then performance of the protection equipment, the effect of varying some of these
mfluencing quantities or factors within their nominal ranges shall be mvestigated
(parametric test).

When IEC recommmendations are available, reference shall be made to those documents.
In the other cases the testing shall be done in accordance with CIGRE paper 34-7, 1984
session, 29" August to 6™ September "Evaluation of characteristics and performance of
Power System Protection Relays and Protective Systems" paper presented i the name
of study committee 34 (protection) by M. Monseu, convener of working group 34.

The method of testing shall generally be as per IEC, if applicable and/or above CIGRE
report or as agreed nutually between Engmeer and Contractor for device/protective
relays. Preference shall be given for complete testng on TNA (Transient Network
Analyser). However the conjunctive test bench method may be allowed after Engmneers
approval

b) Routine Test

Fach relays shall be tested at the manufacturer's works (agreed with consultant
Engneer) and tested. For all kind of faults and conditions (such as transient condition,
DC offset, no load and on-load current, etc.)

Also, routine test include following items but not limited to these:

- Visual ispection

- Check of the accuracy and measurement range.

- Mechanical operation test

- Vertfication of degree of protection

- High voltage test (2000 volts for 1 mmute) as stated below in NOTE.
- Electrical controls, interlocks sequential and finctional operation tests.
- Verification of wiring as per approved schematic drawing,

NOTE :

All wiring and apparatus which are or may become, connected to voltage sources other
than the supply for the very low voltage (50 volts and below) shall be subjected for one
minute to an alternating test pressure of 2000 volts rrm.s at 50 Hz to the frame of the
panels on which they are accommodated, immediately afier which the msulation
measured at 500 volts DC shall not be less than 20 megohms. Included in these

Protection System Specificaion
REV.C
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RELAY.44

requirements is apparatus and wiring which become comnected to voltage transformers
or current transformers, wirng in panels, cubicles and racks.

c) Type Tests

Approved type tests shall be carried out in the manufacturer's works on each type of
protective system. During the tests, ancillary equipment shall be erected and comnected
so as to reproduce service conditions as closely as possible.

Where type tests have been carried out under previous contracts on protective
equipment similar in all essential respects to the equipment included in the contract, the
Engineer may waive the type tests on prodution of complete test records which he
approves, relating to the equipment concerned.

Type test include the following items but not limited to these:

Type test for distance protection.

Extra high current connectors tests.

Tests relating to transient extra high current (conducting character and Dynamic
operation).

Extra type tests for digital protection systems.

Mechanical tests for trembling, shock and earth quake

Environmental tests (temperature and humidity).

Tests for the assurance of healthy operation of automatic reclosers.

Insulation tests (impulse tests).

Electro magnetic consistency.

Protection System Specificaion
REV.C
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RELAYJ. 1

TECHNICAL PARTICULARS & GUARANTEED DATA FOR PROTECTION RELAYS

BUSBAR PROTECTION

BUSBAR PROTECTION RELAY 4007230 KV 132/63 KV

Manufacturer
Type
IManufacturer's Country

Fault setting with maximum number of current transformers connected primary amperes for :
a) Phase/earth fault
b) Phase/phase fault
Current setting range

Curent ipervi alarm setting with maximum number of cutrent transformer
Comnected (ptimary amperes)

Pickup time

a) A4t 3" times fault setting
b) At “ 10” times fault setting

Maximmum through fault current at which protection is stable

Current transformer requirement

) Knee point voltage
b) Winding resistance

c) Maxinmm exciting current at knee point voltage
Number of contacts available

Relay burden

Setting of series connected reinforcing contactor

Resistance of series connected

Values of seriesresistance and wattage
Isolator Awe. switches requirement :
2) Number of contacts nermallz open
b) Number of contacts normally closed

) Timing sequence between aws . switches and main contacts
Maxinmim total lead burden

Recommended cable lead burden

IEC 61850 communication protocol prowided

11417/2024
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RELAYJ. 2

TECHNICAL PARTICULARS & GUARANTEED DATA FOR PROTECTION RELAYS

BUS WIRE SUPERVISION PROTECTION (MAIN) 4007230 KV 132/63 kV

Manufacturer

Type

M 's Country

Rated voltage (applied voltage

Anpsiliary supplies
Frequency

Burden

Setting

Drop offratio

Pickup ratio
Accuracy

Number of contacts

IEC 61850 communication protocol provided

AUXILIARY RELAY (SELF RESET) HIGH SPEED TYPE FOR BUS BAR PROTECTION

REPEATER 4007230 kV 13263 KV

Iy

Type
Manufacturer's Country

Rated voltage
Targets

Number of contacts

Pickup time

a) Iake contact (NO)

b) Break contact (NC)
Permissible voltage for pickup
Permissible voltage for dropoff

Permitted ambient temperature for indoor application

Permitted ambiert temperature for outdoor application

1141712024
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RELAYJ. 3

TECHNICAL PARTICULARS & GUARANTEED DATA FOR PROTECTION RELAYS

Contacts detail :

a) Rated voltage (ac/dc)

b) Maximum system voltages :
1) Within contact set

2) B etween sets of contact

c) Cutrent canrying capacity (for already closed contact)
1) 200 ms/1 Sec.

2) Continuousl

d) Making and conducting capacit

a) L/R > for

1) 200 ms/1 Sec.

2) 1 Sec. , 2 contactsin parallel
b) Breaking capacity :
DACPF > 0.1 Max. 250V

2)DC L/R < 40 ms , single contact/two in series
Duty lewvel as per appendix of [EC 255020

Type ofmwunhg
[EC 61850 communication protocol provided Yes/No

BUS COUPLER / SECTION FEEDER PROTECTION

BUS COUPLER / SECTION INSTANTANEOUS & INVERSE TIME OVER CURRENT & EARTH
FAULT PROTECTION (BACK UP)

4007230 KV 132/63 KV

Manufacturer

Type

Manufacturer's Country
Rated cumrent
Relay burden :

a) I

b) Inverse time
Setting range :

a) Instantaneous
b) Inverse time
Time setting range
Minimum pickup time :
Instantaneous

Inverse time

1141712024
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RELAYJ. 4

TECHNICAL PARTICULARS & GUARANTEED DATA FOR PROTECTION RELAYS

Maxinuim reset :

a) Instantaneous

b) Inverse time

Number of contacts :

a) I

b) Inverse time

c) Start contact

Transient over reach for instantaneous element

ms
ms

Drop offfpick up ratio for i elemeni
Time accuracy class

IEC 61850 communication protocol provided

CIRCUIT BREAKER FAILURE PROTECTION WITH TIMER FOR SHORT ZONE

(FOR BUS COUPLER/SECTION CBs) 400230 kV 132/63kV

Manufacturer
Type
Manufacturer's Country

Rated current

Value ofthe limit of operating ranges of the rated cumrent
Drop off/ pick up ratio
Resetting ime
Operating time for current detector at 2 times
Minimum operating cumert
Number of timers
Setting range of timer

Number of phases
Relay burden

Thermal contimious current

Number of contacts available
Feature for trip by (trip command + CB closed contacts )
IEC 61850 communication protocol provided

1141712024
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Busbar Protection

Generation Distribution

7VE8SS 75L87 75J85 7SA82 75182 7SA82  7KEB85
7UMBS 75885 7UT8 6MD8 7SA86  7SD82 7SA86  7UM85
78485 7KE85 7UM85 | 75885 78J85 78D86 78D82  75K82

7uUTe 7VK87 7VE85 7KE85 75486 75L86 78D86 78K85

O)
s

@_4 !
@-" BMU8S

o3

Figure 2.15/1 Fields of Application of the SIPROTEC 5 Devices

[dw_75585_anwendung, 4, en_U5|

SIPROTEC 75585

The SIPROTEC 75S85 bushar protection has been designed with
the highest selectivity possible for a large variety of different
bushars and all voltage levels. Additional protection and control
functions extend the field of application to a complete station
protection.

246 | SIPROTEC 5 Device Series - Protection, Control, Automation, Monitoring, and Power Quality — Basic - Catalog — Edition 7
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SIPROTEC 5 Devices and Fields of Application

Busbar Protection — SIPROTEC 75585

SIPROTEC 75585

The SIPROTEC 75585 busbar protection is a selective, safe, and
fast protection against busbar short circuits in medium-voltage
systems, high-voltage systems, and systems for very high
voltage. The proven, fast, and reliable algorithms from the
SIPROTEC 7SS52 in conjunction with the flexible, scalable, open,
and user-friendly SIPROTEC 5 platform set the new bar for the
SIPROTEC 7SS85 busbar protection.

The SIPROTEC 75585 is the right solution for interoperable,
compatible busbar protection as per IEC 61850, a cost-effective
extension of your electrical power system with busbar protec-
tion or as the replacement for the SIPROTEC 75S52.

ONE platform, ONE device, ONE configuration tool for all appli-
cations, voltage levels, and busbar-protection systems. The new
SIPROTEC 7SS85 offers various options for the busbar-protection
architecture: Centralized, distributed or — for the 1st time in the
history of busbar protection — a hybrid busbar-protection system
where process information can be connected directly as well as
measured by distributed bay devices.

The selection of the device base functionalities (significant
features) and the modular hardware structure allow optimum
adaptation of the SIPROTEC 75585 to a large variety of system
configurations and functional requirements up to a complete
station protection.

Benefits
® Fast and secure — Proven and reliable algorithms since 1989

® Cyber Secure — Compliant with NERC CIP and BDEW white
paper requirements

® Robust — Highest availability even under extreme environ-
mental conditions

® Consistent — One platform, one device, one configuration tool

@ User-friendly — Configuration by the user during the entire
service life

@ Clear - Fully graphical engineering and online plant visualiza-
tion with DIGSI 5

® Flexibility — Centralized, decentralized or combined (hybrid)
architecture

® Universal — SIPROTEC 5 protection devices and merging units
as a bay unit

e Powerful — Busbar protection device as centralized feeder
protection

® Economical — Extension of power-system protection with
busbar protection

® |nteroperable — Compatible with merging units according to
IEC 61850 Rev. 2.1

omiyg
Hemeng

SIP5_GD_S5 _LED LED LD W3, 2, — -

Figure 2.15/2 SIPROTEC 75585 — Centralized Busbar Protection

The performance and flexibility of the SIPROTEC 75585 allow the
implementation of the most varied, customer-specific secon-
dary-equipment concepts and solutions, such as:

® |EC 61850 compatible and interoperable distributed busbar
protection

e Cost-efficient extension of power-system protection using
busbar protection

® Replacement solution for the proven SIPROTEC 75552 in the
electrical power system

Functions
Characteristic Key Values of SIPROTEC 75585
® Phase-selective measurement and display
® Selective tripping of faulty bus zones
® Disconnector-independent check zone as additional tripping
criterion
e Shortest tripping times to ensure network stability and mini-
mize damage to the system:
— Centralized busbar protection: 3 ms/7 ms (relay type HS/
type F)
— Distributed busbar protection: 8 ms/12 ms (relay type HS/
type F)
® Highest stability in case of external faults, even in case of
transformer saturation, through stabilization with flowing
currents

® Operate curve with freely adjustable characteristic curve
sections

® Additional operate curve with increased sensitivity for low-
current errors, for example in resistance-grounded power
systems

® Fast recognition of internal or external errors requires only
2 ms of saturation-free time of the current transformers

SIPROTEC 5 Device Series - Protection, Control, Automation, Monitoring, and Power Quality — Basic - Catalog — Edition 7 | 247
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Busbar Protection — SIPROTEC 75585

® Using closed iron core or linearized current transformers in a
plant is possible

e Adaptation of different current transformer ratios per parame-
terization

e Straight-forward dimensianing of current transformers and
stabilization factor

® 3 interacting methads of measurement allow minimum trip-
ping times after busbar faults and ensure maximum stabhility
in case of large short-circuit currents

The integrated circuit-breaker failure protection (CBFP)
detects circuit-breaker faults in case of a busbar shaort circuit
and provides a trip signal for the circuit breaker at the line
end. The adjacent busbar trips if a circuit breaker in the bus
coupler fails.

Expensive monitoring of current-transformer circuits, meas-
ured-value acquisition and pracessing, and trip circuits to
avoid averfunction and underfunction of the protection and
effort reduction for routine testing.

Various control possibilities, such as bay out of order, acquisi-
tion blocking from discannectors and circuit breakers,
blocking of protection zanes, or circuit-breaker failure protec-
tion make the adaptation to operationally-caused special
states of your plant easier.

1/3-pole or 3-pale circuit-breaker failure protection using the
integrated disconnector image for tripping all circuit breakers
of the busbar section affected

End-fault protection for the protectian of the section between
circuit breaker and current transformer for feeders and bus
couplers

e Direct tripping of protection zones through external signals

® Release of the tripping of a protection zone through addi-
tional external signals

® Release of tripping through additional, external phase-selec-
tive signals

® Cross stabilization against overfunctions in case of
transformer influence on the secondary side

® Bus caupler differential protection for fault clearing in
couplers with 2 current transformers

® With distributed busbar protection, any feeder protection
function can also be implemented using any modular
SIPROTEC 5 device as the bay device.

® Extensive cybersecurity functionality, such as role-based
access cantrol (RBAC), logging of security-related events,
signed firmware, or authenticated IEEE 802.1X netwark
access

Applications

The SIPROTEC 7SS85 busbar protection is the solution for the
following plant layouts:

e Single busbars up to quintuple busbars with or without a
transfer busbar

® Breaker-and-a-half layout

e Dual circuit breaker systems and one ar 2 current trans-
farmer(s) per feeder

® Truck-type switchgear

e Systems with cambined busbars (alternatively main/transfer
busbar)

e H-bridge arrangement with bus coupler or disconnection

® Ring busbars

248 | SIPROTEC 5 Device Series - Protection, Control, Automation, Monitoring, and Power Quality — Basic - Catalog — Edition 7
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SIPROTEC 5 Devices and Fields of Application

Busbar Protection — SIPROTEC 75585

Significant features

9,A B, CDE

Centralized process connection
Distributed process connection

yes
\yes

Hybrid: central and distributed process connection

| yes

Number of bars (max.)

3

3-phase current measuring points (max.)

20/ 24 (with EFP, without
further backup protection
function in 75585)

3-phase voltage measuring points

4 central and in the Merging
Units

In the bay units

Number of busbar sections (max.)

6

20

Number couplers (max.)

6

20

Number reserve busbar (without measuring function)
(max.)

£

12

Interoperable measured-value acquisition | yes (1/5A)

yes (IEC 61850-9-2,
IEC 61869)

yes (IEC 61850-9-2,
IEC 61869, 4000 Hz, 1 ASDU)

20 x CBFP, 20 x EFP,

20 x definite-time overcur-
rent protection,

10 x Z<(transformer),

10 x overcurrent protection
dir., 10 x V>, 10 x V<

Backup protection function

24 x CBFP, 24 x EFP,

24 x definite-time overcur-
rent protection,

10 x Z<(transformer),

10 x overcurrent protection
dir., 10 x V>, 10 x V< plus all
protection functions of the
individual merging unit

all protection functions of
the individual bay unit

Bay Units

Merging Units SIPROTEC 6MU85

yes

SIPROTEC 5 protection device (modular)

|yes

Interoperable Merging Units according to IEC 61850 Rev.
2.1 (third-party devices)

| yes

Engineering of the protection functionality

DIGSI 5
|IEC 61850 system configurator

yes

yes
yesfautomated routing
according to single-line
editor

Table 2.15/1 Selection Table of the Matching Significant Features

Short description A B

G

E

Main function

| Busbar sections 2 I 2!

Busbar differential protection

6

Only Circuit-breaker failure protec-

tion
6

Disconnector image No Yes

No

Yes

Measuring points centralized, 3-phase 20 20
(maximum)

20

20

Of...

Measuring points distributed, 3-phase
(maximum)

Bays (maximum)

Bays (included in the basic scope)?

Recommended standard hardware variant
centralized

3 For further bays, you need function points.
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SIPROTEC 5 Devices and Fields of Application

Busbar Protection — SIPROTEC 75585

Included measuring points 3-phase
centralized
Related standard hardware variant
distributed

Table 2.15/2 Significant Features Centralized Protection

Short description G

| J H

Main function

Busbar differential protection

Only Circuit-breaker failure protec-
tion

Busbar sections 6 20
Disconnector image No

20
Yes Yes

Measuring points distributed, 3-phase 45
(maximum)

45 45

Related standard hardware variant V4 V4
Table 2.15/3 Significant Features Distributed Protection

The significant properties Eand H only Circuit-breaker
failure protectionare a special feature. Here, the main
protection function is the Circuit-breaker failure protection. The
device permits the implementation of an independent,
complete backup protection for a circuit-breaker failure in the
station.

Configuration and Parameterization

The busbar protection is configured and engineered graphically
using the primary topology of your plant. That is where you add
the SIPROTEC 75585 and other devices. Use drag and drop to
add the required functions from the DIGSI 5 library to the
devices. Then, cannect the primary elements of the single-line
diagram (busbars, current transfaormers, disconnectars, circuit
breakers) to the function blocks of the devices. The primary
topalogy is now connected to the secondary equipment. This
ensures a flexible adaptation to changes and extensions over
the entire lifecycle of the plant. You adapt the protection to the
various operating states and requirements by means of parame-
terization.

Online visualization for commissioning, operation, and analysis
of important infarmation occurs in the same single-line
diagram. The switch positions are shawn in addition to the
measured values of the feeders and the protection ranges. Addi-
tionally, you get information about special operating states, for
example in the case of Bay out of serviceor reduced
selectivity of protection, for example, with a direct busbar
coupler via disconnector switches (busbar shunt by disconnec-
tors).

Disconnector Image

With the integrated SIPROTEC 75585 disconnector image, the
bay currents are assigned dynamically ta the pratection zanes
based on the disconnector-switch pasition. In case of a failure,
selective tripping of the feeders and bus couplers involved takes
place by way of the disconnectar image. This ensures the availa-
bility of the healthy system part for network operation.

V4 V4

SIPROTEC 7SS85 in general has a check zone that is independent
of the disconnector. This ensures system stability, even in case
of an incorrect assignment of the currents.

This function is characterized by the following product features:

® Processing of up to 20 or 24 current measuring points and
6 busbar sections in the centralized SIPROTEC 75585

® Processing of up to 45 current measuring points and
20 busbar sections in the distributed busbar pratection

e Disconnector runtime and position monitaring

® Due to the program assignment Disconnectar NOT off =
Disconnector on, calibrated disconnector auxiliary contacts
are not necessary.

e Storage of the disconnector-switch positions in case of an
auxiliary-voltage failure

e Convenient graphical project engineering using DIGSI 5

e Dynamic graphical visualization using DIGSI 5 in online mode
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vices and Fields of Application
Bushar Protection — SIPROTEC 75585

Application Examples

75885 Bushar protection

Bay 1

FG Current transf. (CT)

Bay 2

FG Current transf. (CT)

FG Busbar

@

Check zone

FG Disconnector (QB1)

FG Disconnector (QB1)

F@ Disconnector (QB2)

FG Disconnector (QB2)

Bus zone 1

FG Crrcuit breaker (QA)

FG Circuit breaker (QA)

Bus zone 2

(Bo8F) (B0EF)
@ @

FG Voltage/Current (V/1)

FG Voltage/Current (V/1)

[E=DYe)

Bay 20

FG Current transt, (CT)

FG Disconnector (Q81)

FG Treaner (QB2)

FG Circuit breaker (QA)
©

FG Volage/Current (V/|

[
1

OAE

Bay 1

[dw_01_config_centr-busbar, 1, en_US|

Figure 2.15/3 Centralized Bushar Protection
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SIPROTEC 5 Devices and Fields of Application

Bushar Protection — SIPROTEC 75585

75885 Busbar protection
Bay 1 Bay2 Bay 24*

FG Current transf, (CT) FG Current transf, (CT) FG Current transf, (CT)

F& Busbar FG Disconnector (QB1) FG Disconnector (QB1) FG Disconnecior (QB1)

I | | I

Check zone FG Disconnector (QB2 FG Disconnector (QB2 FG Disconnecior (QB2
|l | '

FG Crcult breaker (QA) FG Circult breaker (QA) s FG Cwcuit breaker (QA)

Bus zone 2 1 % ] 5 @

Process bus (IEC 61850-9-2, IEC 61869)

| FG Circutt breaker (QA) \ "~ FG Circuit breaker (QA) ! FG Circuit breaker (QA}

&= @)

@)

2} _ _ | Fe votage/Current (V/1) 2} _ _ | FG Voltage/Current (V/l) o é} =4
GIHI) G
G

FG Disconnector (QB1) FG Disconnector (QB1) FG Disconnector (QB1)

FG Disconnector (QB2) FG Disconnector (QB2) K- FG Discennector (QB2)

4
Bay 24

" 24 (with EFP, without further backup protection functions)
for simpiification the requred IEEE 1588v2/PTP master clock is not shown

[dw_02_config_decentr-busbar_IEC61850, 1, en_UIS|

Figure 2.15/4 Centralized Bushar Protection using IEC 61850 Compatible Distributed Process Connection
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SIPROTEC 5 Devices and Fields of Application

Busbar Protection — SIPROTEC 75585

75585 Busbar profection

Bay 1 Bay2 Bay 20

FG Current transf. (CT) FG Curent transf. (CT) FG Current transf, (CT)

FG Disconnector (QB1) FG Disconnector (QB1)

FG Disconnector (QB2) FG Disconnector (QB2)

FG Circunt breaker (QA) FG Circuit breaker (QA)

FG Busbar

Check zone
Bus zone 2

FG Disconnector (QB1)

FG Disconnector (QB2)

FG Circutt breaker (QA)

FG Voitage/Current (V/1)

Process bus (IEC §1850-9-2, IEC 61869)

g \" ™ ~| FG Circuit breaker (QA)

FG Circuit breaker (QA)
QB1) QB2 QB

€oBp) @)

aBz

FG Voltage/Current (/1) FG Voltage/Current (V1)

Ser =

v
Bay1

FG Disconnector (QB1)

FG Disconnector (QB2)

SR
G454

FG Disconnector (QB1)

FG Disconnector (QB2)

k2
Bay 20

for smpiification the required [EEE 1588v2/PTP master ciock |s not shown

[dw_03_config_decentr-busbar_hybrid, 1, en_US|

Figure 2.15/5 Centralized Bushar Protection using Hybrid Process Connection
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SIPROTEC 5 Devices and Fields of Application

Bushar Protection — SIPROTEC 75585

75585 Busbar protection

FG Busbar

Bay proxy 1

Bay proxy 2

Bay proxy 45

[ Disconnector 081

[ Disconnector aB1

| Disconnecter QB1

I Check zone ]

[o a2

[ Disconnector aB2

[ Disconnector aB2

Bus zone 1

[Bus zone 2 | [ircut breaker

[ ercun breaker

I Circuit breaker

Pracess bus (IEC 61850-9-2, |EC 61889)

j‘ =7 FG Circuit breaker (QA)
QB1 QB2
o8p)

FG Voltage/Current (V/1)

FG Disconnector (QB1)

B

o FG Disconnector (QB2)

v
Bay 1

|
A4

FG Circutt breaker (QA)

&)

FG Voltage/Current (V/1)

LI

QAEZJ-"

FG Disconnector (QB1)

FG Disconnector (GB2)

L ~ 7| FG Circuit breaker (QA)
as1 QB2

FG Disconnector (QB1)

FG Disconnectar (QB2)

dw_04_config_decentr-busbar, 1,en_US|

Figure 2.15/6 Distributed Bushar Protection
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Busbar Protection — SIPROTEC 7SS85

Function Application Templates

1

Protection functions for 3-pole tripping 3-pole
Protection functions for 1-pole tripping 1-pole
Expandable hardware quantity structure 1o

Process bus client protocol (hint: PB client requires | PB client
a separate ETH-BD-2FO plug-in module, from

V8.0)

IEC61850-9-2 Merging Unit Stream (hint: Each

stream requires a separate ETH-BD-2FO plug-in

module, from V8.0)

Impedance protection for transformers

m | = = m Availablel

27 Undervoltage protection: "3-phase” or "positive-
sequence system V1" or "universal Vx"

38 Temperature supervision

47 Overvoltage protection, negative-sequence
system

50/51 TD Qvercurrent protection, phases

50N/ 51N TD Overcurrent protection, ground

S0BF Circuit-breaker failure protection, 3-pole

50BF Circuit-breaker failure protection 1-pole/3-pole

50BF Inherent circuit-breaker failure protection

50EF End-Fault Protection

59, 59N Qvervoltage protection: "3-phase” or "zero-

sequence system V0" or "positive-sequence
system V1" or "universal Vx"

Directional overcurrent protection, phases 1>, 2(V, 1)
Directional overcurrent protection, ground IN>, 2(V, I)
Trip-circuit supervision
Frequency protection: "f>" or "f<" or "dffdt" f<>; dfidt<>
Busbar differential protection Al
Bus coupler differential protection Al
Bay
Cross Stabilization

86 Lockout
Broken-wire detection for differential protection

87 STUB Stub fault differential protection (for breaker-and-
a-half layouts)

PMU Synchrophasor measurement

AFD Arc protection (only with plug-in module ARC-
CD-3F0)

Measured values, standard

Measured values, extended: Min, max, average
Switching statistics counter

PQ - Basic measured values: THD (Total Harmonic
Distortion) and harmonic component (starting
with ¥8.01) and THD voltage average values
(starting with v8.40)

PQ - Basic measured values: Voltage unbalance
(starting with V8.40)

PQ - Basic measured values: Voltage changes —
monitoring of voltage dips, overvoltages and
voltage interruptions (starting with V8.40)

PQ - Basic measured values: TDD - Total Demand
Distortion (starting with V8.40)

CFC (standard, control)

CFC arithmetic
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SIPROTEC 5 Devices and Fields of Application

Busbar Protection — SIPROTEC 75585

\Grcuit—breaker wear monitoring TlIx, I’t, 2P

Switching sequence function
Inrush-current detection

External trip initiation

Control

Circuit breaker

Disconnectoﬂgroundfng conductor

Fault recording of analog and binary signals

Monitoring

Protection interface, serial

Cyber security: Role-Based Access Control (from
V7.8)

Temperature recording via communication
protocol

Cyber security: Authenticated network access
using IEEE 802.1X (starting from V8.3)

Function point class: 0
The configuration and function point class for your application can be determined in the SIPROTEC 5 order configurator at www.siemens.comisiprotec.

Table 2.15/4 SIPROTEC 75585 - Functions, Application Templates
(1) Standard busbar

256 | SIPROTEC 5 Device Series - Protection, Control, Automation, Monitoring, and Power Quality — Basic - Catalog — Edition 7




O 2l (555 2 =S5,

Persian Gulf Fajr Energy Co.

o6 Tl (5591 2 Sy

ol 3 g G duudd 6ol (21 3b Slos aadlio
o0 Tl 531 20 S8 5 sl LBl (55

SIPROTEC 5 Devices and Fields of Application

Bushar Protection — SIPROTEC 75585

142,15 8Bl, 13 B0, 121

Housing width 1/2x 19"

15 binary inputs

13 binary outputs (1 life contact, 2 standard, 10 fast),

12 current transformers

Contains the following modules: Base module with PS201 and 10203

Expansion module 10201

142,118l 11 BO, 161

Housing width 1/2x 19"

11 binary inputs

11 binary outputs (1 life contact, 2 standard, 8 fast)

16 current transformers

Contains the following modules: base module with PS201 and 10203
Expansion module 10203

23,15BI1, 15 BO, 24 |

Housing width 2/3 x 19"

15 binary inputs

15 binary outputs (1 life contact, 2 standard, 12 fast)

24 current transformers

Contains the following modules: base module with PS201 and 10203

2 expansion modules 10203

143,19 Bl 11 BO

Housing width 1/3x 19"

15 binary inputs

11 binary outputs (1 life contact, 10 standard, O fast)
0 current transformers

1 communication module ETH_BD_2FO

Table 2.15/5 Standard Variants for SIPROTEC 75585

You can find the technical data in the manual

www.siemens. comisiprotec.

143,11 Bl, $BO, 41

Housing width 1/3

11 binary inputs

9 binary outputs (1 life contact, 2 standard, 6 fast)
4 current transformers

Contains the following modules: base module with PS201 and 10201

1 communication module ETH-BD-2FO

Table 2.15/6 Standard Variant for Decentralized Bushar Protection SIPROTEC 6MU8S
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Merging Unit — SIPROTEC 6MU85

Communication

® Pluggable communication modules, usable for different and
redundant protacals (IEC 61850-8-1, IEC 61850-9-2 Merging
Unit, IEC 60870-5-103, IEC 60870-5-104, Madbus TCP, DNP3
serial and TCP, PROFINET IO, PROFINET 10 S2 redundancy)

Serial protection communication via optical fibers, two-wire
connections, and communication networks (IEEE C37.94 and
others), including automatic switchover between ring and
chain topology.

Extensive cybersecurity functionality, such as role-based

access control (RBAC), logging of security-related events,
signed firmware, or authenticated IEEE 802.1X network

access

® Simple, fast, and secure access to the device via a standard
Web browser to display all information and diagnostic data,
vector diagrams, single-line and device display pages

® Virtual network partitioning (IEEE 802.1Q - VLAN)

Applications

Merging Unit for

® Analog measured values and digital inputs and outputs

e Centralized merging unit for transformer process-data acquisi-
tion

e Centralized protection

® Bay units for decentralized busbar protection

® Process-bus fault recorder

e Centralized synchrocheck

® Detection and recarding of power-quality data in the medium-
valtage and subardinate low-valtage power system
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SIPROTEC 5 Devices and Fields of Application
Merging Unit — SIPROTEC 6MU85

Application Templates ® Application template 6MU85 Merging Unit = 41, 4U

Application templates are available in DIGSI 5 for applications of ® Appl. template 6MU85 Merging Unit — 4l, 4U, overcurrent
device 6MU85. The application templates contain the basic protection
configurations, required functions, and default settings. o Application template 6MU85 Merging Unit - 81

The following application templates are available for the
merging unit 6MU85 in the DIGSI 5 function library:

® Basic application template 6MU85 Merging Unit
® Application template 6MU85 Merging Unit — 4l

7UT8E
FG Transformer side 1 FG Circuit breaker QA1

FG Circuit breaker QA2

08D € |

FG Circuit breaker QA3

Time synchronization

IEE 1588v2/PTP
Grand Master Clock

l PRP LAN A
PRP LAN B

FG Circuit breaker FG Circuit breaker QA1

FG Circuit breaker FG Circuit breaker Q

(G o)

FG Circuit breaker FG Circuit breaker Q

@ @

BMUBS Bay unit

[dwr_centr-trans-prot_with_one_merging_6MUSS, 1, en_U5|

Figure 2.18/2 Centralized Transformer Protection with a 6MU85 Merging Unit
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SIPROTEC 5 Devices and Fields of Application

Merging Unit — SIPROTEC 6MU85

7UT86

=G Transformer side 1 FG Circurt breaker QA1

FG Transformer FG Circuit breaker QA2
® & @ |

FG Circuit breaker QA3

Time synchronization

IEE 1586v2/PTP

l PRP LAN A
PRP LAN B

Process bus

F@ Circuit breaker
e

FG Circuit breaker

6MUSS Bayunitt

FG Circuit breaker
&)
FG Circuit breaker
Backup
prolection

6MU8S5 Bay unit

FG Circuit breaker
(60BF

FG Circuit breaker

6MUBS Bay unit

[dw_centr-trans-prot_with_3-merging_6MUES, 1, en_US|

Figure 2.18/3 Centralized Transformer Protection with 3 6MU85 Merging Units
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Merging Unit — SIPROTEC 6MU85

ANSI Function Application Templates

1

Protection functions for 3-pole tripping 3-pole |

Expandable hardware quantity structure l{e]
Process bus client protocol (hint: PB client requires  PB client
a separate ETH-BD-2FO plug-in module, from

V8.0)

IEC61850-9-2 Merging Unit Stream (hint: Each

stream requires a separate ETH-BD-2FO plug-in

module, from V8.0)

IEC61850-9-2 Merging Unit Stream 75585 CU

(hint: Only for communication with a 75585 CU. A
separate ETH-BD-2FO plug-in module is required
starting with V8.40)

Synchrocheck, synchronization function Sync

m = m Available

Undervoltage protection: "3-phase” or "positive- V<
sequence system V1" or "universal Vx"

Voltage change protection (starting with V8.30) | dv/dt
Temperature supervision o>

Qvervoltage protection: "Negative-sequence V2>; V2IV1>
system V2" or "negative-sequence system V1/posi-
tive-sequence system V1"

50/51 TD Qvercurrent protection, phases 1>
Instantaneous tripping at switch onto fault SOTF
50N/ 51N TD Qvercurrent protection, ground IN>
50BF Circuit-breaker failure protection, 3-pole CBFP
50BF Circuit-breaker failure protection 1-pole/3-pole CBFP

50EF End-fault protection (hint: For use only in decen-
tralized busbar protection with a 75585 CU
starting with V8.40)

Circuit breaker restrike monitoring

Qvervoltage protection: "3-phase” or "zero-
sequence system VQ" or "positive-sequence
system V1" or "universal Vx"

Directional overcurrent protection, phases 1>, 2(V, 1)
Directional overcurrent protection, ground IN>, 2(V, I)
Trip-circuit supervision

Single circuit monitoring (from V7.9)

Automatic reclosing, 1-pole/3-pole

Automatic reclosing, 3-pole

Lockout

Voltage controller for two-winding transformer

Voltage controller for two-winding transformer
with parallel control

Number of two-winding transformers with
parallel control (hint: only together with the func-
tion “voltage controller for two-winding trans-
former with parallel control”)

Voltage controller for three-winding transformer
Voltage controller for grid coupling transformer
Synchrophasor measurement

Arc protection (only with plug-in module ARC-
CD-3FO)

Measured values, standard
Measured values, extended: Min, max, average
Switching statistics counter
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SIPROTEC 5 Devices and Fields of Application

Merging Unit — SIPROTEC 6MU85

PQ - Basic measured values: THD (Total Harmonic
Distortion) and harmonic component (starting
with V8.01) and THD voltage average values
(starting with V8.40)

PQ - Basic measured values: Voltage unbalance
(starting with V8.40)

PQ - Basic measured values: Voltage changes —
monitoring of voltage dips, overvoltages and
voltage interruptions (starting with \V8.40)

PQ - Basic measured values: TDD - Total Demand
Distortion (starting with V8.40)

CFC (standard, control)

CFC arithmetic

Circuit-breaker wear monitoring TIx, I2t, 2P

Switching sequence function
Inrush-current detection
External trip initiation
Control

Point-on-wave switching (starting with V7.90)

Circuit breaker
Disconnectorigrounding conductor

Fault recording of analog and binary signals
Monitoring

Protection interface, serial

Frequency group tracking (from V7.8)

Cyber security: Role-Based Access Control (from
V7.8)

Temperature recording via communication
protocol

Cyber security: Authenticated network access
using IEEE 802.1X (starting from V8.3)

Function point class: 0
The configuration and function point class for your application can be determined in the SIPROTEC 5 order configurator at www.siemens.comisiprotec. |

Table 2.18/1 SIPROTEC 6MUS85 - Functions, Application Templates
(1) Merging Unit
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Merging Unit — SIPROTEC 6MUS85

Standard Variants for SIPROTEC 6MUS5
[An 1/3x 19, 41,11 B, 9 BO
| [ Housing width 1/3 x 19"
no display
4 current-transformer inputs
11 binary inputs
9 binary outputs {1 life contact, 2 standard, 6 fast}
Contains the modules: base module with P$201 and 10201
Communication module ETH-BD-2FO
[113%19",4v,41, 1181, 9BO
[ Housing width 13%x19"
no display
4 voltage-transformer inputs
4 current-transformer inputs
11 binary inputs
9 binary outputs (1 life contact, 2 standard, 6 fast}
Contains the modules: base module with PS201 and 10202

Communication module ETH-BD-2FO
13x19", 81,781, 7BO
Housing width 1/3 x 19"

no display

8§ current-transformer inputs

7 binary inputs

7 binary outputs (1 life contact, 2 standard, 4 fast}
Contains the modules: base module with P5201 and 10203

Communication module ETH-BD-2FO
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