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Safety Precautions

Before using this product, please read this chapter carefully.

This chapter describes the safety precautions recommended when using the GRZ100:Before
installing and using the equipment, this chapter must be thoroughly read and understood.

Explanation of symbols used

Signal words such as DANGER, WARNING, and two kinds of CAUTION, Will be followed by
important safety information that must be carefully reviewed.

A DANGER Indicates an imminently hazardous situation whieh will result in death or

serious injury if you do not follow the instructifns.

AWARNING| Indicates a potentially hazardous situation” whigh could result in death or
serious injury if you do not follow the instruétions.

ACAUTION Indicates a potentially hazardous situatiod which if not avoided, may result in
minor injury or moderate injury.

CAUTION Indicates a potentially hazardouSsituation which if not avoided, may result in
property damage.
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A DANGER

e Current transformer circuit

Never allow the current transformer (CT) secondary circuit connected to this equipment, toybe
opened while the primary system is live. Opening the CT circuit will produce a dangerously high
voltage.

AWARNING

e Exposed terminals

Do not touch the terminals of this equipment while the power is on, as the high voltage generated
is dangerous.

e Residual voltage

Hazardous voltage can be present in the DC circuit just after switchingoff the DC power supply. It
takes about 30 seconds for the voltage to discharge.

e Fiber optic

Invisible laser radiation
Do not view directly with optical instruments.
Class 1M laser product

- the maximum output of laser radiation: 0 2uanW
- the pulse duration: 79.2 ns

- the emitted wavelength(s): 1310 nm
ACAUTION

e Earth

The earthing terminal‘ef the,equipment must be securely earthed.

CAUTION

e Operating environment

The equipmeéntimust only be used within the range of ambient temperature, humidity and dust, etc.
detaile@uin the specification and in an environment free of abnormal vibration.

¢( Rafings

Beforetapplying AC voltage and current or the DC power supply to the equipment, check that they
conform to the equipment ratings.

o Printed circuit board

Do not attach and remove printed circuit boards when the DC power to the equipment is on, as this
may cause the equipment to malfunction.

o External circuit

When connecting the output contacts of the equipment to an external circuit, carefully check the
supply voltage used in order to prevent the connected circuit from overheating.
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e Connection cable

Carefully handle the connection cable without applying excessive force.
¢ Modification O
Do not modify this equipment, as this may cause the equipment to malfunction. 0

e Short-link

. L . <
Do not remove a short-link which is mounted at the terminal block on the rear of the relay before
shipment, as this may cause the performance of this equipment such as w'th\ tage, etc., to
reduce.

e Disposal

When disposing of this equipment, do so in a safe manner accordir@:; regulations.
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1. Introduction

GRZ100 is a fully numeric distance protection incorporating integral digital communigatien
channels for teleprotection signalling. Either one or two communication channels are provided,
suitable for relay-to-relay connection via fibre-optic links, or via electrical interfaces to a“digital
communication network. GRZ100 can be configured using the integral communication channels
to support the following functions:

- Phase-segregated command protection distance schemes (PUP, POP, BOP_and UOP with
week infeed and current reversal logic).

- Phase-segregated command protection DEF schemes (POP, BOP andWOP):

- Command protection signalling for tripping during a power swing.

- Command protection for 2- or 3-terminal applications.

- Single-phase autoreclosing available for carrier tripping.

- Phase-segregated transfer trip (intertripping).

- Transmission of binary signals for user-configurdble applications.

- Transmission of measured values to be displayed afithewemote terminals.

- Synchronisation of the clocks at the various, terminals.

- Fault-location by use of remote-end data ifi the'ease of 3-terminal applications.

- Continuous monitoring of the comfunication channels, with capability to provide
dual-redundant channels in the case of a2-ended system, and automatic re-routing of signals
in the event of a communicatioft channelfailure in a 3-ended system.

GRZ100 can be also applied withtgonventional external communication channels.

Other features of GRZ100 are ‘asfollows:
GRZ100 provides the follawing{protection schemes.

- Time-stepped distance, protection with four forward zones, three reverse zones, and one
non-directional,zone

- Zone 1 extension protection

- High-resistance garth fault protection
- Brokenconductor detection

- 4Overcugrent backup protection

- G Thermal overload protection

- Swifch-on-to-fault and stub protection
- Breaker failure protection

- Out-of-step trip protection

- Power swing blocking

The GRZ100 actuates high-speed single-shot autoreclose or multi-shot autoreclose.

The GRZ100 is a member of the G-series family of numerical relays which utilise common
hardware modules with the common features:
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The GRZ100 provides the following metering and recording functions.

Metering
Fault record
Event record
Fault location

Disturbance record

The GRZ100 provides the following menu-driven human interfaces for relay s€ttingyor viewing of
stored data.

Relay front panel; 4 x 40 character LCD, LED display and operation keys
Local PC
Remote PC

Password protection is provided to change settings. Eight active setting groups are provided. This
allows the user to set one group for normal operating conditiens While other groups may be set to
cover alternative operating conditions.

GRZ100 provides either two or three serial ports, and am,IRIG-B port for an external clock
connection. A local PC can be connected via theaRS232C port on the front panel of the relay.
Either one or two rear ports (RS485 or fibre optie)are provided for connection to a remote PC and
for IEC60870-5-103 communication with a substatien control and automation system. Further,
Ethernet LAN port can be provided as option,

Further, the GRZ100 provides the following functions.

Configurable binary inputs aridyoutputs
Programmable logic for I/O configusation, alarms, indications, recording, etc.

Automatic supervision

The GRZ100 has the fellowing models:
Relay Type and Madel

Relay Type: t‘

- Type GRZ100;MNumerical distance relay

Relay Model: w

- For two tefminal line, With autoreclose for single breaker scheme

o Model 241B; 18 binary inputs, 22 binary outputs, 6 binary outputs for tripping
o /Model'244B; 22 binary inputs, 18 binary outputs, 3 binary outputs for tripping
e Model 216B; 25 binary inputs, 36 binary outputs, 3 binary outputs for tripping

- For two terminal line, With autoreclose for one-and-a-half breaker scheme

o Model 311B; 18 binary inputs, 22 binary outputs, 6 binary outputs for tripping

- For three terminal line, With autoreclose for single breaker scheme

+Model 221B; 18 binary inputs, 22 binary outputs, 6 binary outputs for tripping
e Model 224B; 22 binary inputs, 18 binary outputs, 3 binary outputs for tripping
e Model 226B; 25 binary inputs, 36 binary outputs, 3 binary outputs for tripping

- For three terminal line, With autoreclose for one-and-a-half breaker scheme

e Model 321B; 18 binary inputs, 22 binary outputs, 6 binary outputs for tripping
e Model 323B; 18 binary inputs, 40 binary outputs, 6 binary outputs for tripping
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Table 1.1.1 shows the measuring elements incorporated.

Table 1.1.1 Incorporated Measuring Elements
Measuring elements 2142E13,151’6B 311B 22425,1282,68 321848738

Z1S, Z1SX, Z2S, Z3S, ZFS, Distance element (phase fault) v v v v
ZR1S, ZR2S, Z4S, ZNDS

Z21G, Z1GX, Z22G, Z3G, ZFG, Distance element (earth fault) v v v 4
ZR1G, ZR2G, Z4G, ZNDG

uve Phase selection element v v i v

DEFF, DEFR Directional earth fault element v v v v

0C, OCl Overcurrent element (phase fault) v v v v

EF, EFI Overcurrent element (earth fault) v v v v

SOTF (OCH) Switch-onto-fault protection v 4 v v

THM Thermal overload protection v v v v

VTF (OVG, UVF, OCD) VT failure supervision v v v v

PSBS, PSBG Power swing blocking v v v v

OST Out-of-step tripping v v v v

BF Breaker failure protection v v v v

FL Fault locator v v v v

ARC (SYN, UV, OV) Autoreclose fupgtion 1CB 2CB 1CB 2CB
0OVS1,0VS2,0VG1,0VG2, Overvoltage &andervgltage v v v v
UVS1,UvVS2,UvVG1,UvG2 protection
BCD Broken condctof detection v v v v

ZA4S and Z4G are not fof'backupprotection and used for command protection.

— 11 —
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2. Application Notes

2.1 Power System Protection - Basic Concepts
211 The Function of The Protection Relay

The protection relay, which protects the power system from various faults, plays an extremely
important role in power system stability. Its main functions are as follows:

Prevention of power supply interruption:

Fault clearance and resumption of healthy powerftansmission as soon as
possible.

Prevention of damage to equipment:

Consecutive system faults will eventually lead to damage to primary
plant, for example destruction of insulatorspgupture of lines, burning of
transformers, etc. The protection relay can help prevent such damage to
equipment.

Prevention of system instability:

is necessary to remove{PRewer\system faults at high speed by using
protection relays as thejexistence of a system fault for an extended period
of time may initiate a generator out-of-step condition.

21.2 Protection Relay Requirements

The protection relay, which plays the important role of protecting the power system from faults,
must meet several requirements., Théserequirements can be summarized as follows:

a) Selectivity: All faults that occurien the power system should be removed but at the same time
it must be engurgdithat only the minimum section of the power system must be
isolated ingorder £o clear the fault. Figure 2.1.2.1 shows typical different
protectionzonés on the power system. In order to provide complete coverage by
the protectiongthe neighboring protection zones are set to overlap. Figure 2.1.2.2
shows the'telationship between the circuit breaker and CT locations. In Figure
(2)5 thenCTs are installed on both sides of the circuit breaker, one for line
protection and the other for busbar protection, enabling the protection coverage
to overlap. Figure (b) shows the case where the same CT is used for both the line
pretection and busbar protection. In this case, the line protection would operate
for a fault which occurred midway between the CT and circuit breaker, but the
busbar protection would not operate, thus failing to remove the fault. It is
important to prevent blind spots in power system protection design.

b) “Highépeed: In order to avoid damage to equipment or power system instability, it is
important to shorten the duration of faults by applying high-speed protection
relays. The GRZ100 has a minimum operating time of 18 ms. However, the
operating time of the circuit breaker and transmission delay in the case of carrier
protection, etc. must also be taken into consideration.
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Figure 2.1.2.1 Protection Zones
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Figure 2.1.2.2 ProtectionZone and CB, CT

c) Reliability: The protection relayds,normally in a quiescent state and is available to respond to

faults that maygoccur on the power system in the protection zone.
In order that this“may be achieved the availability of the protection relay is
checked even in Tts,quiescent state.

A fundamentalffequirement to ensure that the reliability of the protection relay is
high is that it§ components must be extremely reliable. This can be achieved by
using high”"quality’ components and reducing the number of components. The
GRZ#400 reduces the number of parts by using state-of-the-art highly integrated
semigonductor components.

Tofmaintain high reliability, not only must the relay have a robust hardware
structure but it is also important to detect any fault immediately and not to leave
the telay in a faulted state for prolonged periods. Therefore, the GRZ100 is
equipped with an automatic supervision function. Whenever a hardware fault
Occurs, an alarm is issued to inform the operator of the problem to permit
remedial action.

In order to dramatically improve the operating reliability of the relay in the event
of a system fault, there are two options: to use a protection relay with a
duplicated protection system or to provide an additional fault detection relay
within the relay with AND logic.
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21.3 Main Protection and Backup Protection

The power system protection system generally consists of a main protection and a backup
protection to reliably remove all faults. In principle, system faults must be removed in the shortest
possible time and cause the minimum outage. This important function is served by th€"main
protection. In distance protection, this function is served by the zone 1 element and command
protection, etc. However, the main protection may not always function perfectly. For exampl€; the
main protection relay may not be able to function correctly due to a power supply failure, CVT
failure, data transmission device failure, circuit breaker failure or failure of the main ptotection
relay itself. In such cases, power system integrity depends on the backup proteetion.

The backup protection provides power system protection with a set time delay, itsgimer value is
set in a range that allows coordination with the main protection. To achievetimecoordination with
the main protection, the time delay of the backup protection is detefmined,with a margin in
consideration of the following factors:

e Operating time of main protection relay
e Operating time of circuit breaker
e Reset time of backup protection relay

There are two types of backup protection: remote backup protection that provides backup from a
remote substation at a different location to the mainypretection, and local backup protection
installed in the same location as that of the ma@im,protection that provides backup from that
substation.

Each of these protections has the following features:

Remote backup protection: Possible causesgfortmain protection failures include relay faults,
power supply faults, and various other factors. It is therefore
importanit tQ, provide backup protection from a remote substation to
prevent thedbackup protection from failing due to the same causes as
the decal'main protection. The zone 2 and zone 3 elements of distance
relays, €tc. provide as these remote backup protection functions.

Local backup protection: ~ Providesibackup protection at the same substation as that of the main
protection and often has the purpose of providing backup when the
circuit breaker fails to operate.

2.1.4 Distance Relay,- General Performance

For distance relays, the reach of the zone 1 protection is usually set to approximately 80 to 90% of
the length of theytransmission line. This is to ensure that overreach tripping does not occur for
external faults that occur beyond the busbar at the remote end. For internal faults that occur
beyondithe teach’of zone 1, time delayed tripping by the zone 2 element is applied. High-speed
tripping cam, be achieved by means of a "command protection system" that exchanges relay
operation information with the remote end.

Therevargfvarious causes for measuring errors in a distance relay. In the case of a fault with
resistance, the reactance component seen by the relay at the power sending terminal is smaller than
the actual value and it tends to overreach. On the contrary, the reactance component seen by the
relay at the power receiving terminal is greater than the actual value and it tends to underreach.
The line impedance has different values in different phases. When its average value is used for the
relay setting, underreach will occur in a phase with a greater impedance than the average value. In
the case of fault resistance, its impedance is greater for earth faults where the fault is grounded via
a steel tower or tree rather than a phase fault consisting of arc resistance only. Therefore,
measuring errors in the earth fault relay are generally greater than those in the phase fault relay.
The fault arc is considered to be almost equivalent to pure resistance. But if the phase of a current
that flows into a fault point from the remote end is different from the phase of the local current, the

14 —
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voltage at the fault will have a phase angle difference with respect to the local current, producing a
measuring error in the distance relay with the principle of measuring the reactance componentt
The existence of a zero-sequence current on the protected line and adjacent line can also cause
errors in the earth fault relay. The zero-sequence current normally acts in the direction of telay
underreaching due to the effect of the induced voltage. The compensation method 4will “be
described in detail in the next section. The earth fault relay contains more errors than the phase
fault relays even with these compensation methods. Therefore, the earth fault relays are usually set
with a greater margin than the phase fault relays.

Regarding protection relay measuring errors, it is also necessary to consider hardware errors in the
relay itself, errors introduced by coupling capacitor voltage transformers (CEV Bpand transient
overreach errors caused by the DC component of the fault current. For GRZ100, the'total of these
errors is specified to be less than 5%.

2.1.5 Power Swing and Out-of-Step

Power swings occur when the output voltages of generators at différent points in the power system
slip relative to each other, as a result of system instabilities\which®may be caused by sudden
changes in load magnitude or direction, or by power systemsfaults‘and their subsequent clearance.
During the course of such a power swing, the impedance geen®by a distance relay may move
(relatively slowly) from the load area into the distanceipretection operating characteristic. In fact,
this phenomenon appears to the distance protection measuring elements like a three phase fault
condition and may result in tripping if no countémmeasure is applied. Most power swings are
transient conditions from which the power systeéin camyecover after a short period of time, and
distance protection tripping is therefore highly undesirable in such cases. GRZ100 provides a
power swing blocking function (PSB) to preyentunwanted tripping during a power swing. Figure
2.1.5.1 illustrates the typical impedance lo€us/ag,seen by a distance relay during a transient power
swing.

X Distance protection

characteristic (Mho)

Impedance locus during
transient power swing

R

Load Area

Figure 2 1.5.1 Impedance Locus during Transient Power Swing

A speeialfcase of the power swing condition occurs when the power system disturbance is so
severe that generators lose synchronism with each other and are said to be out-of-step. During an
out-of-step condition the phase angle between generators continues to increase and pass through
1807, at which point a distance relay measures an impedance equal to that for a three phase fault at
the centre of the power system. The impedance locus typically describes an arc passing through
the electrical centre, as shown in Figure 2.1.5.2.
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X Distance protection

characteristic (Mho)

Impedance locus during

out-of-step condition
4

R

Figure 2.1.5.2 Impedance Locus during Out-of-St mon

In the case of a full out-of-step condition (as opposed to a transi r swing) it is desirable to
separate the system in the vicinity of the centre of the out-of-step.condition. GRZ100 provides an
out-of-step detection element (OST) which can provide tri in'these circumstances.

Although the power swing and out-of-step conditi
simply the most severe form of the other), complete rent actions are required from the
protection relay. The PSB function must ensure s he distance protection during transient

power system conditions, while the OST ele initiates system separation by tripping in the
event that a severe power swing results in po& irrecoverable loss of stability in the power

re closely related (in fact one is

system. The PSB and OST eclements are therefore completely separate functions within the
GRZ100 relay, with different characteristi€s, te scheme logic and different settings.

N
S

L 4

Q
o
&

L 4

— 16 —
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2.2 Principle of Distance Measurement
221 Phase Fault

The phase-fault distance relay measures the impedance from the relay to the fault pointfusing a
delta voltage and current. The positive-sequence impedance is used as the line impedanee. The
principle is described below.

Figure 2.2.1.1 shows the circuit in the event of a two-phase fault. Suppose that the impedamce from
the relay to the fault is the same in both phase B and phase C, and that the self impedance is Zg and

the mutual impedance between phases is Zy. If the voltages and currents4f phase B and phase C
are Vp, Ve, Ip and ¢ and the fault point voltage is VF, then Vp and V¢ are given by the following

equations.
Vp=ZsxIp+Zm xIgc+ VFurroroirieiee (2-1)
Ve=ZgxIctZm*Ip+ VFuiooiiieeieeeene (2-2)
From equations (2-1) and (2-2), the following equation is obtained.
Vob-Ve=Zs—Zm) x Tp—1¢) ceevveeiiiiereinns (2-3)
where,

Zg: Self impedance
Zm: Mutual impedance

Since the effect of the phase A current is small*and is almost canceled when introducing equation
(2-3), it is omitted in equations (2-1) and (2-2):

When each phase of the line is symanetric toythie other, the positive-sequence and zero-sequence
impedance Z1 and Z() according 4@, the'method of symmetrical components are defined by the

following equations, using self impedance Zg and mutual impedance Zp:

21 =78 —ZmM ..ueeeeee e M (2-4)
Z0=27Zs+27Zm ... gm...Ld e, (2-5)

where,

Z1: Positive-sequencetimpedance

Z(): Zero-sequence impedance
Equation (2-3) ¢an bé&rewritten as follows:

VAT o3 6.4 S 0 100 15 WO (2-6)

As showmabowe] the positive-sequence impedance is used for the phase fault relay setting.

2
Vp | (
Zm §V|:
—> ic
A | “ )
Ve | R VF

Figure 2.2.1.1 Two-Phase Fault
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2.2.2 Earth Fault

Figure 2.2.2.1 shows the circuit in the event of a single-phase earth fault. It is not simple to exactly;

measure the distance up to the fault point for a single-phase earth fault.

This is because the impedance of the zero-sequence circuit including the earth return is generally
different from the positive-sequence impedance. Therefore, the faulted phase voltage is notsimply

proportional to the faulted phase current.

It is necessary to analyze the impedance seen by the relayiin the’event of a single-phase earth fault
according to the method of symmetrical components. Figure’2.2.2.2 shows an equivalent circuit
for the single-phase earth fault based on the method, of Symmetrical components. Assuming the
positive-sequence, negative-sequence and zerossequenee voltages are V1F, V2F and V(F, the

voltage at the relay point of each symmetrical éixcuit 1S given by the following equation. However,
suppose that the positive-sequence impedanc@andiegative-sequence impedance are the same and

—> ig
A
va l é VaF
.
Vb
a'a)
| L}
Ve

Figure 2.2.2.1 Single-Phase Earth*"Rault

influences of the fault resistance are ignored;

V1=
Vo =
Vo=

where, V7i:
Va:
Vo:

VI1F:
VoF:
VOF:

I1:
In:
10:

TIom:

71:
Z0:

Z1 X1+ VIF e (2-7)
Z1XT2F VOF e Wi, (2-8)
Z0o x 10+ Z0m XT0fiT VOF -veeeevvvennnn (2-9)

Relay point pesitivesSequence voltage
Relay point negative-sequence voltage
Relay point zero-sequence voltage
Faultpeintpositive-sequence voltage
KRault peint negative-sequence voltage
Fault point zero-sequence voltage
Relay point positive-sequence current
Relay point negative-sequence current
Relay point zero-sequence current
Adjacent line zero-sequence current
Fault point - relay point positive-sequence impedance

Fault point - relay point zero-sequence impedance

Z0m: Adjacent line zero-sequence mutual impedance

Taking account of the fact that the faulted phase voltage VaF at the point of fault is,

VaF=VIFt V2F+ VOF =0, (2-10)

phase A voltage Vj, at the relay is calculated from the following equation:
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Va =V1+V2+Vy
=Z1a+ (Zo - Z21)/Z1 x 1o + Zom/Z1 % Iom) --..-. (2-11)

Where, I3 is the current at phase "a" relay point and is defined in the following equation by the
symmetrical component of the current:

That is, positive-sequence impedance Z1 up to the fault point can be obtained from the simple ratio
of phase "a" voltage Vg to compensated current Iy according to equationi(2-14).

Obtaining the compensated current according to equation ((2-13) is called "zero-sequence
compensation." Note in this zero-sequence compensation, thed¢ompensation coefficient (Z( —
71)/Z1 and Zom/Z1 are not real numbers, but compleX numabers. The GRZ100 relay has a
configuration that allows this compensation coefficientte beiset'as a complex number and setting
the coefficient correctly makes it possible to measure exactly, the distance up to the fault point.

In equations (2-7) to (2-9), the fault resistance was,ignored:. Since the measurement of the distance
up to the fault point based on equation (2-14)4s%arried out using the reactance component, in
principle there is no influence on the voltagéicomponent due to the fault resistance. However,
under real operating conditions, distance measurctaent errors are produced as a result of the fault
resistance combined with the power flow ar the current flowing into the fault point from the point
opposite the relay location.

1 Z1
e — A -
1
Positive-sequence circuit @ V1 V1E
I Z1
—> - - ~
B
Negatiye-sequence circuit Vo VoF
lo vAy)
—> - - ~
A
Zero-sequence circuit Vo VoE

Figure 2.2.2.2 Equivalent Circuit of Single-Phase Earth Fault
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2.3 Multi-Terminal Line Protection
2.3.1 Increased Use of Multi-Terminal Lines

The number of multi-terminal transmission lines has increased in recent years, mainly for
economic reasons. For example, connecting three substations through three-terminal transmission
lines can reduce the construction cost considerably compared to connecting substations through
individual lines. On the other hand, from the standpoint of protection, multi-terminal lines cause
various difficulties. Taking an example of a three-terminal line, these problems are illustrated
below.

2.3.2 Protection Problems on Three-Terminal Application

2.3.2.1Underreach in the Case of an Internal Fault Further than the Braneh Point

In the three-terminal line shown in Figure 2.3.2.1, if a phase faultzeccusdiear terminal C, the fault
current flows in from both terminal A and terminal B and the y0ltages at terminal A and terminal
B are influenced by the current from one another, have representéd by the following equations:

VA=IAX(Z1+Z3) tIBXZ3 oo il 0. 2-15)
VB=IBX(Z2+Z3) +TA XZ3 ceieeereereeremreeeres B (2-16)
where, VaA: Voltage at terminal A

VB: Voltage at terminal B
IA:  Current at terminal A,
IB:  Current at terminal B
Z1: Impedance ffem terminal A to branch point
Z>: Impedance ffom témminal B to branch point
73: Impedange from fault point to branch point
From equations (2-15) and™2-16)f impedance ZA and impedance ZB seen from the relay at
terminal A and termin@l B'are given by the following equations:
ZA=VAIA=(Z]1 +78) +Z3 X IB/IA ceeeveeeveeereennn (2-17)
ZB=VR/IB =2 +7Z3)+Z3 X IA/IBeccevereeercreeneane. (2-18)

From equation (2-17), the impedance seen from the relay at terminal A is greater than the actual
impedance (4t Z3) up to the fault point by (Z3 x IB/IA). That is, if the current infeed from local

terminal A igJargeg its influence is small, but if the current infeed from local terminal B is large the
relayfsees'the fault point much further than the actual distance.

Terminal A Z1 Z3

O————f
22{

A

Terminal C

3

@ Terminal B

Figure 2.3.2.1 Three-terminal line
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2.3.2.2 Current Outfeed in the Event of an Internal Fault

In the event of an internal fault in a multi-terminal system, a fault current may flow out ofia
specific terminal. An example is shown using a three-terminal system with two parallel lines
shown in Figure 2.3.2.2. The figure shows the case where only one circuit is used and anothes
circuit is open at terminal A. If a fault occurs at a close to terminal C, there is a route through which
the current flows from terminal B via the adjacent line into terminal C and part of the fault curfent
flows out of terminal B and flows into terminal C again. The magnitude of the outfeed current is a
maximum of approximately 1/2 of the infeed current from terminal A. If the faultgpoint is
examined from terminal A, the impedance of the adjacent circuit between termimal B and terminal
C enters in parallel, and consequently the relay at terminal A sees it asqgmalle? than the actual
impedance up to the fault point, which means this relay tends to overreach.

It is difficult to protect the system when a fault current flows out of ofle gndwSince an ordinary
directional comparison method judges an external fault at one end andsends,@’block signal, it may
fail to remove the fault.

Terminal A Terminal C
—>
: D
| é <« lc
—>
A
N
Terminal B

Figure 2.3.2.2 Current Qutfeed in Event of Internal Fault

2.3.2.3Diversion of Outfeed Current'in.the’Event of an External Fault

If an external fault occurs at termimal“C in the three-terminal system shown in Figure 2.3.2.3, the
fault current that flows intofterminal A may not only flow out of terminal C but may also flow out
of terminal B and flow#intotthe fault point. In this case, outfeed currents Ig from terminal B and IC

from terminal C beconde smaller than infeed current 1A from terminal A. That is,

(Outfeed current) < (imfeed current).........ccceeeveeeveeenenn. (2-19)

The directionall comparison method sometimes cannot detect external faults under such
conditions, increasing the possibility of unwanted operation due to detection of an internal fault
from terminal A"

Terminal A Ic Terminal C
@ IelA — ||
Tl 777§7

Terminal B

Figure 2.3.2.3 Outfeed Current in Event of External Fault
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2.3.2.4Possible Attenuation of Carrier Wave in Power Line Carrier

There are no particular problems related to power line carrier or multi-terminal lines. Howeyer,
when the distance of the line from a branch point is 1/4, 3/4, 5/4 and 7/4, etc. of the wavelength of
the carrier wave, the reflected wave from the branch line may cause considerable attenuatiomefthe
carrier signal, and thus care is required in selecting the carrier frequency. Furthermore, when the
same carrier frequency is used for each terminal, the signal from each terminal may net be
received due to the beat phenomenon, and thus it is desirable to use the carrier wave for each
terminal with a different frequency in a multi-terminal system.

2.3.3 Three-Terminal Line Protection

2.3.3.1Distance Relay Protection

The relay at terminal A in Figure 2.3.2.1 will underreach due to an infeedcurrent from terminal B.
However, the zone 1 element of distance relay should not overreachfer a fault on the busbar at the
remote end under any conditions. Therefore, the relay at termifial ‘A, is set so that it may operate
correctly for faults within the protected zone in the absence of ajpower source at terminal B. This
makes it unavoidable for the relay at terminal A to permit/considerable underreach for an infeed
current from terminal B.

When there is a branch point on the line between terminal*A and terminal B and it is connected
with terminal C via a short-distance line as shown inFiguie 2.3.3.1, the setting range of the zone 1
element at terminal A and terminal B can only ingludepart of the entire length of the line as shown
in the figure to avoid unwanted operations for gxternalffaults at terminal C. Therefore, for most of
the faults on this line, one end is delayed-trippediby the zone 2 element. To avoid such a problem
a directional comparison method or current diffezential method must be used.

Terminal C

Eigure 2.3.3.1 Short-Distance Tapped Line (1)

2.3.3.2Command‘Protection

Permissive'Underreach Protection (PUP)

With the Pegmissive Underreach Protection (PUP) method, all the terminals are tripped via
transmissiow if zone 1 element operates at least at one terminal. In this system, a common power
line camriger is available.

In the system shown in Figure 2.3.3.2 where both terminal B and terminal C are near the branch
point and connected via a short-distance line, the distance relay at terminal B and terminal C must
unavoidably be set to an extremely short distance to prevent unwanted operations by busbar faults
at each other's end. In order for the relay at terminal A not to operate on a busbar fault at terminal
B or terminal C, it may not be able to set the branch point within the protection range, containing
a zone in which it is impossible to detect the fault as an internal fault. The fault in this zone is
removed by tripping of zone 2. When a current flows out of terminal B in the event of a fault inside
terminal C as shown in the example in Figure 2.3.2.2, the PUP system performs tripping of
terminal B sequentially following the tripping of terminal C.
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Terminal A Terminal B

Terminal C

Figure 2.3.3.2 Short-Distance Tapped Line (2)

Permissive Overreach Protection (POP)

The Permissive Overreach Protection (POP) method carries out tripping omycofidition that zone 2
of each terminal (or zone 3 depending on the setting) has operatedgforfan internal fault.
Accordingly it needs to use a different transmission channel when appli€d fo‘three terminals.

Zone 2 in the POP method basically covers up to and including the busbar®ef all terminals at the
remote end of the protected zone. If the source behind each termimal i§“strong enough, in this
scheme all terminals will operate their distance relays for a faultgn'the protected zone. However, if
the impedance behind the power source changes, there iS%a tendency to underreach as a
consequence of the "branch effect." Therefore, it is necessaryjto check that the relay can operate
for faults in the protected zone even under the worst pewer source conditions.

Blocking Schemes

With the blocking scheme, a terminal sends a bleeking,signal to the other terminal for an external
fault and a common power line carrier chanmgel ‘¢an,be used. It can also perform high-speed
tripping even if one end of the multi-terminalfline is a non-power source and there is no fault
current infeed.

In the blocking scheme, it is necessary to paydttention to diversion of the outfeed current in the
event of an external fault. In the system shown in Figure 2.3.2.3, if a fault current flows out of
terminals B and C for an exterfial fault, the outfeed currents of terminal B and terminal C are
smaller than the infeed current at terthinal A due to the diversion. Therefore, it may be difficult to
operate the external detection rfelay‘of one terminal depending on the ratio of diversion.
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2.4 Protection Scheme

The GRZ100 series has the following protection schemes and is applied to transmission lineg§ oft
directly earthed networks. The function of high-speed detection and clearance of faults ensures
that the disturbance to the power system is kept to a minimum in combination with thefbuiltsin
autoreclose functions. Appendix A shows block diagrams of the GRZ100 series.

e time-stepped distance protection

e zone | extension protection

e command protection (distance protection using telecommunication)
e high-resistance earth fault protection

e overcurrent backup protection

e thermal overload protection

e SOTF and stub protection

e overvoltage and undervoltage protection

e broken conductor detection

e circuit breaker failure protection

out-of-step protection

241 Time-Stepped Distance Protection

2.4.1.1Application

Using reach and tripping time settings coordinated with adjacent lines, the GRZ100 provides up to
four steps of distance protectionfor forward faults and backup protection for reverse faults. These
are used as the main protection “whenptelecommunications are not available, or as backup
protection for the protected lingfanid adjacent lines.

The GRZ100 has maximumweight/distance measuring zones for both phase and earth faults,
maximum four zones for forward faults and maximum three zones for reverse faults respectively.
There is also one nonfdireetional zone. The zones can be defined with either mho-based
characteristic or quadrilateral characteristic. The characteristic is selected by setting the scheme
switch [ZS-C] for phasefault and [ZG-C] for earth fault to "Mho" or "Quad".

Figure 2.4.1.1 shows¢he mho-based characteristics. Zone 1 (Z1), Zone 1X (Z1X), Zone 2 (Z2),
additional forward Zone F (ZF) and reverse Zone R1 (ZR1) have a complex characteristic
combining the #eactance element, mho element and blinder element, while Zone 3 (Z3), additional
reverse “4on€.R2" (ZR2) and Z4 elements have a complex characteristic combining the mho
element, andyblinder element. ZND elements have a complex characteristic combining the
impedance glement and blinder element. Z3 is also used for detection of forward faults in
commandfprotection. If Z3 is dedicated to command protection, ZF can be used for Zone 3 instead
of Z3 intime-stepped distance protection.

Thegblinder element (BFR) can be provided for each forward zone. The setting of blinder element
can be set independently or set common to forward zones by the scheme switch
[BLZONE].Figures 2.4.1.1 and 2.4.1.2 show the characteristics with an independent setting.

Since the Z4 is used for detection of reverse faults in command protection, the Z4 for phase faults
has an offset characteristic with an offset mho element which assures detection of close-up phase
faults. The operation of Z4 for phase faults in the event of internal faults is inhibited by the
operations of Z2, ZF and Z3.

24
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Figure 2.4.1.2 shows the quadrilateral characteristics. These have a complex characteristic
combining the reactance element, directional element and blinder element.

The Z4 for phase faults has an offset characteristic with an offset directional element which
assures detection of close-up phase faults.

The operation is the same as the mho-based characteristics.

B+*S: Blinder elements B#*G: Blinder elements

(a) Phase fault element (b) Earth fault element

Figure,2.44.1 “ Mho-based Characteristics

AX
BFLS BFLG;
BNDS BNDG
[~ NA
ZR1S ZR1G
BRLS BRRG BRLG
BRRY ZR2S ZR2G
/ 748 \ / Z4G \
ZNDS ZNDG
B#*S:'Blinder elements B*xG: Blinder elements
(a) Phase fault element (b) Earth fault element

Figure 2.4.1.2 Quadrilateral Characteristics

Figure 2.4.1.3 shows typical time-distance characteristics of the time-stepped distance protection
provided at terminal A.
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Zone 1 is set to cover about 80% of the protected line. When GRZ100 is used as the main
protection, zone 1 generally provides instantaneous tripping but if used as a backup protection
time delayed tripping can be provided. With the GRZ100, 5 types of zone 1 tripping modes can'be
set using the trip mode setting switch.

Zone 2 is set to cover about 120% or more of the protected line, providing protection for the restiof
the protected line not covered by zone 1 and backup protection of the remote end busbar. Itnerder
to coordinate the fault clearance time by the main protection, with the zone 1 protection of the
adjacent lines or by the remote end busbar protection, zone 2 carries out time delayed tripping.

Time

Zone ND TND Zone ND

Reverse Zone R2 TR2

TR1

Reverse Zone R1 T3 Zoné 3(Z3 or ZF)

(TF

Zone 2

T2

Zone 1

T1
OFs ! | ©

A B C

Figure 2.4.1.3 Time/Distance Characteristicsof Time-Stepped Distance Protection

Zone 3 is mainly provided for remote backupgprotection of adjacent lines. Its reach is set to at least
1.2 times the sum of the impedance 01 the protected line and the longest adjacent line. The zone 3
time delay is set so that it coordindtes with the fault clearance time provided by zone 2 of adjacent
lines. (Z3 is applied to Zone 3WZ3 is,also used for detection of forward faults in command
protection. If Z3 is dedicated to cemmand protection, ZF can be used for Zone 3 instead of the Z3.)

The reverse looking zone R1 and’'R2 ¢elements are used for time delayed local backup protection
for busbar faults and transformer*faults. Furthermore, when applied to multi-terminal lines, it is
effective as the backuprprotection for adjacent lines behind the relaying point instead of the zone 3
protection at the remoté tetminal. This is because it is difficult for zone 3 at terminals A and C to
provide remote bagkupiprotection for the fault shown in Figure 2.4.1.4 due to fault infeed from the
other terminal, whéreas reverse looking zone of terminal B is not affected by this.

Z4 element is used for reverse fault detection in command protection, but not for backup
protection.

The nonzdirectional zone ND is used for time delayed backup protection including overall zones.

Zone 3

Zone R1

Figure 2.4.1.4 Reverse Zone Protection
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To maintain stable operation for close-up three-phase faults which cause the voltages of all phases
to drop to 0 or close to 0, zone 1 for phase faults, once operated, changes its element to a reversé
offset element. This continues until the fault is cleared, and thus it is effective for time delayed
protection.

The reactance element characteristics of zone 1, zone 1 extension, zone 2, zone F and zone R1 are
parallel lines to the R axis and provide sufficient coverage for high-resistance faults. The reaetafice
element characteristics of zone 1 and zone 1 extension can be transformed to a broken line
depending on the load flow direction in order to avoid overreaching by the influence, of load
current. The characteristic in the resistive direction is limited by the mho charagteristic of zone 3.
The reactive reach setting is independent for each zone. It is also possible t0 _hdve)independent
settings for each individual phase fault and earth fault elements.

With a long-distance line or heavily loaded line, it is possible for the load impedance to encroach
on the operation zone of the mho element. Blinders are provided to limit the @peration of the mho
element in the load impedance area.

Zero-sequence current compensation is applied to zone 1, zongs2yandwreverse zone R1 for earth
fault protection. This compensates measuring errors caused by the earth return of zero-sequence
current. This allows the faulted phase reactance elementy, to precisely measure the
positive-sequence impedance up to the fault point. Furthermore, iivthe case of double-circuit lines,
zero-sequence current from the parallel line is introddeedtef compensate for influences from
zero-sequence mutual coupling. (R1 is not providedy with zero sequence mutual coupling
compensation for the parallel line.) Considering, thewease where the impedance angle of
positive-sequence impedance and zero-sequenceiimpedance differ which is the most common in
cable circuits, GRZ100 carries out vectorial zgto-sequé€nce current compensation.

The autoreclose schemes are utilised with instantancous zone 1 tripping. When single-phase
autoreclose or single- and three-phase, autoreclose are selected, zone 1 executes single-phase
tripping for a single-phase earth fadlt. In ordetr to achieve reliable fault phase selection even for
faults on heavily loaded long-distance lines or irrespective of variations in power source
conditions behind the relaying potat, anundervoltage element with current compensation is used
as a phase selector. Other zones@nly execute three-phase tripping, and do not initiate autoreclose.

2.4.1.2Scheme Logic

Figure 2.4.1.5 shows 'the Seheme logic for the time-stepped distance protection. For zone 1
tripping, as described.later %t is possible to select instantaneous tripping or time delayed tripping
using the schemeWswiteh, [Z1CNT] in the trip mode control logic. (Detail of the [Z1CNT] is
described after.) Zoneéy2y zone 3, zone F, zone R1, zone R2 and zone ND give time delayed
tripping. However, these zones can trip instantaneously by PLC signals Z* INST TP. Timers
TZ2,TZ3, TZE;, TZR1, TZR2 and TZND with time delayed tripping can be set for earth faults and
phase faultsisgpatately. Zone F, zone R1, zone R2 and zone ND backup tripping can be disabled
by the schemewswitch [Z+BT].

Neote: , For the symbols used in the scheme logic, see Appendix L.
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CRT USE
[1550Tm-PROT_ON
\ll v
Z1 Trip TZ1
[PSB-21] mode Phase t 0 > S-TRIP
— o9 & control [—selection [— b——+ ~ _
ON logic logic Sigle-phasg
| 0.00 - 10.00s tr|pp|ng
Lcommand
z2 TZ2
[PSB-Z2] t 0 = M-TRIP
*~ Q & |———| r ~
"ON" Three-phase
] 0.00 - 10.00s 21 tripping
lcommand _
@ [PSB-Z3] n 123 0
*— &
o T
1 0.00 - 10.00s
[zF ]
[PSB-ZF] TZF
+——=C t 0
[ZFBT] ON & [
+ —
"ON” 0.00 - 10.00s
*—
ZR*
[PSB-ZR1] TZR1
0—¥—C t 0
[ZR1BT] ON & [ |
+ —
"ON" 0.00 - 10.00s
*r—
ZR2
[PSB-ZR2] TZR2
PSB t 0
[ZR2BT] ON & [ |
+ —
"ON* 0:00 - 10.00s
*-—
TZND
@ [ZNDBT] i 0
+— & | ]
nONu I 1
NON VTF 0.00 - 10.00s

Figure 2.4.1.5%Scheme Logic of Time-stepped Distance Protection

Tripping by eacli Zone"an be blocked the binary input signal (PLC signal) Z+ BLOCK. The
tripping can beValso blocked in the event of a failure of the secondary circuit of the voltage
transformergor power swing. The former is detected by the VT failure detection function. The
signal 4 TFbecomes 1 when a failure is detected. The latter is detected by the power swing
blocking fumction. The signal PSB becomes 1 when power swing is detected. The zone in which
tripping'will be blocked during a power swing can be set using the selection switches [PSB-Z1] to
[PSB£ZR2]. For zone ND backup tripping, power swing blocking is inhibited. For the VTF and
PSB, se€'Section 2.4.12 and Section 2.4.13, respectively.

By using the trip mode control logic, Zone 1 can implement different trip modes. The trip modes
as shown in Table 2.4.1.1 can be selected according to the position of the scheme switch [Z1CNT]
and whether or not the command protection is in or out of service.

Note: When permissive underreach protection is applied as the command protection, instantaneous
tripping is required for zone 1 and autoreclose must be started. Therefore, position 1 or 4 must be
selected for [Z1CNT].

The service condition of the command protection is judged by the service condition of the
telecommunication and the main protection. The telecommunication in-service signal CRT _USE
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is established when the binary input signal (PLC signal) CRT BLOCK is "0" and the scheme
switch [CRSCM] is set to "ON" as shown in Figure 2.4.1.6.

9
[601[CRT_BLOCK ] $ CRT USE
&

SCF BLOCK o
[CRSCM]
+ SCF BLOCK: Severe communication
"ON" failure block

Figure 2.4.1.6 Communication Service Logic

The service condition of the external main protection in duplicated scheme®is,input with the binary
input signal (PLC signal) M-PTOT_ON. The command protection i Table’ 2.4.1.1 is out of
service when both main protections are out of service.

Table 2.4.1.1 Zone 1 Trip Mode Control

Z1CNT COMMAND PROTECTION

Position IN SERVICE OUT OF SERVICE
1 INST. TRIP & AUTO-REC INST. FINAL TRIP
2 DELAYED FINAL TRIP INST. FINAL TRIP
3 TRIP BLOCKED INST. FINAL TRIP
4 INSTRIRIP & AUTO-REC
5 INST. FINAL TRIP

The zone 1 tripping mode at each, position of the switch [ZICNT] is as follows:

Position 1: When the commandgproteetion is in service, zone 1 executes instantaneous tripping
and starts autoreclose. Zone 1 performs single-phase tripping and reclosing or three-phase tripping
and reclosing depending onsthe teelose mode of the autoreclose function and the type of faults
(single-phase faults og, multi-phase faults). If the autoreclose is out of service, zone 1 performs
instantaneous three-phasSeyfinalftripping for all faults.

If the command proteetion is out of service, zone 1 performs instantaneous three-phase final
tripping.
Position 2: Zong 1 performs three-phase tripping with a time delay using timer TZ1 if the

command proteetion is in service, and it performs three-phase tripping instantaneously if the
command profection is out of service and does not start the autoreclose.

Position, 3:Zene 1 tripping is blocked if the command protection is in service, and instantaneous
thtee-phasegripping is performed if it is out of service. Autoreclose is not started.

Positiong4: Zone 1 executes instantaneous tripping irrespective of the command protection
conditions and initiates autoreclose. This instantaneous tripping becomes single-phase tripping or
three-phase tripping depending on the autoreclose mode and type of faults (single-phase faults or
multi-phase faults). If the autoreclose is out of service, zone 1 performs instantaneous three-phase
final tripping.

Position 5: Zone 1 performs instantaneous three-phase final tripping irrespective of the command
protection.

Zone 1 Trip Mode Control is performed using PLC function as shown in Figure 2.4.1.7. By
changing the PLC default setting, the Z1 trip can be controlled independently of the [Z1CNT]
setting.
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Default setting
CRTUSEf . - 872 74oNT INST  ———>[[1696]21_INST_TP ]| Z1 can trip instantaneously.
i 713 .
Trip -3 zionT 3Pt ———>[fiz12[z1.3PTP || Z1 performs three-phase trip.

Mode

714
Control —2—Z1CNT_ARCBLK—>||1655 |z1_ARc_B|_oc;K|| Z1 performs final tripping for all faults.
Logic pUAL

9 ZACNT_TPBLK ——>||1616|Z1G_BLOCK || Z1G trip is blocked..

L |l1632|21S_BLOCK ||  z1S trip is blocked.

[Z1CNT]
+ J—

Figure 2.4.1.7 Zone 1 Trip Mode Control Circuit

When zone 1 extension is used, normal zone 1 tripping is blocked. Howeyer,gthe blocking is
released by an autoreclose command that follows zone 1 extension trippifigs Final tripping to the
reclose-on-to-permanent-fault is performed under the time-stepped distange protection including
zone 1.

Zone 1 tripping is provided with an additional phase selection elemeént UVC and phase selection
logic to make sure the faulted phase is selected for the single-phasetearth fault.

Figure 2.4.1.8 gives details of the phase selection logic in Figure2,4.1.5. In case of single-phase
earth fault, the earth fault measuring zone 1 element Z1G gvithra certain phase and the phase
selection element UVC with the same phase operatéytogether, and a single-phase tripping
command S-TRIP can be output to the phase.

z1G6- A2 A
&

220 —

Z21G-B B | S-TRIP
o &

716 - c| 8%

2568 *—Aa
?363
?364

266

C

UvC-A

267

uvC-B

uve - c]-$%8

73G - A 1828

L E}_
jf

(=]

M-TRIP

73G - C [0 —
&

z1s-AB |43 —

715-BC 2 —

71S-CA 438

Figure 2.4.1.8 Phase Selection Logic for Zone 1 Protection
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Depending on the setting of the scheme switch [Z1CNT] or [ARC-M] which selects reclosing
mode, single-phase tripping may be converted to a three-phase tripping command. This is not
shown in the figure.

In case of multi-phase fault, the phase fault measuring zone 1 element Z1S and the two phasesyof
the UVC operate together, the Z1G trip is blocked and the three-phase tripping command (M-TRIP
is always output. The condition for the UVC two-phase operation is to inhibit the ZI'Sufrom
overreaching in the event of a single-phase earth fault.

The UVC element is applied to the zone 1 distance elements.

EFL is an earth fault detection element, and UVPWI is a phase undervoltagea@lay to provide
countermeasures for overreaching of a leading-phase distance element at¥positive phase weak
infeed condition. These elements are applied to all earth fault distan€e,eclements. (Refer to
Appendix A.) The UVPWI can be disabled by the scheme switch [UVPWIENY.

2.4.1.3Setting

The following shows the necessary distance protection elements anditheir setting ranges.

Element Range Step Default 4#"Remarks
VT 1-20000 1 2000
CT 1-20000 1 400

Phase fault protection

ZS8-C Mho - Quad Niho Characteristic selection

Z18 0.01-50.00Q 0.01Q 1.60Q2 Z1 reach
(0.10 - 250.00 0.40C2 %, 8:0002) (*1)

Z1S 61 0°-45° 1° 0° Gradient of reactance element

Z21S 62 45°-90° 1° 90°

Z28 0.01-50.00Q 0012  3.00Q Z2 reach
(0.10 - 250.00Q 0.01Q 15.0002)

ZFS 0.01 - 50.00Q 0012  4.00Q ZF reach
(0.1-250.0Q 0.10Q 20.0Q)

Z3S 0.01 - 50.00Q 0012  6.00Q Z3 reach
(0.1-25000 0.1Q 30.002)

23S 6(*2) 45-90° 1° 85° Characteristic angle of mho element

ZBS 0(*3) 0-45° 1° 5° Angle of directional element

BFR1S 0.10 - 20:00Q2 0.01Q 5.10Q Forward right blinder reach for Z1S
(0.5 400:0Q 0.1Q 25.5Q)) Required if [BLZONE]=IND

BFRXS 041012 20.00Q2 0.01Q 5.10Q Forward right blinder reach for Z1XS
(0:5™- 100.0Q 0.1Q 25.5Q)) Required if [BLZONE]=IND

BFR2S 0.10 - 20.00Q2 0.01Q 5.10Q Forward right blinder reach for Z2S
(0.5-100.0Q 0.1Q 25.5Q0) Required if [BLZONE]=IND

BFRFS 0.10 - 20.00Q2 0.01Q 5.10Q Forward right blinder reach for ZFS
(0.5-100.0Q 0.1Q 25.5Q)) Required if [BLZONE]=IND

BFRS 0.10 - 20.00Q2 0.01Q 5.10Q Forward right blinder reach for Z3S or Common
(0.5-100.0Q 0.1Q 25.5Q)) setting of BLZONE

BFLS 6 90° - 135° 1° 120° Forward left blinder angle

ZR1S 0.01 - 50.00Q 001Q  2.00Q ZR1 reach
(0.1-250.0Q2 0.1Q 10.0Q2)

ZR2S 0.01 - 50.00Q 001Q  4.00Q ZR2 reach
(0.1-250.0Q2 0.1Q 20.0Q)
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Element Range Step Default  Remarks
Z4S 0.01-50.00Q 001Q  8.00Q Z4 reach
(0.1-250.0Q2 010 40.0Q)
BRRS 0.10 - 20.00Q2 0.010 5.10Q Reverse right blinder reach
(0.5-100.0Q 010 25.50Q))
ZNDS 0.01-50.00Q 0.01Q 10.00Q  ZNDreach
(0.1-250.0Q2 010 50.0Q)
BNDS 0.10 - 20.00Q2 0.01Q 12.00Q0  ZNDS blinder reach
(0.5-100.0Q 0.1Q 60.0Q)
TZ1S 0.00-10.00s 0.01s 0.00s Zone 1 timer
TZ2S 0.00-10.00s 0.01s 0.30s Zone 2 timer
TZFS 0.00-10.00s 0.01s 0.35s Zone F timer
TZ3S 0.00-10.00s 0.01s 040s Zone 3 timer
TZR1S 0.00-10.00s 0.01s 0.50s Zone R4 timer
TZR2S 0.00-10.00s 0.01s 0.60s Zong;R2 timer
TZNDS 0.00-10.00s 0.01s 0.70s Zone NDtimer
Earth fault protection
ZG-C Mho - Quad Mho Characteristic selection
Z1G 0.01-50.00Q 0.01Q 1.600 Z1 reach
(0.10 - 250.00Q2 0.10Q , .800Q)
Z1G 61 0°-45° 1° 0° Gradient of reactance element
21G 62 45°-90° 1° 90°
Z22G 0.01-50.00Q 0.0100,. 4.00Q Z2 reach
(0.10 - 250.00Q 0.40Q ) 20.00Q)
ZFG 0.01-100.00Q 0.01Q" 6.00Q ZF reach
(0.1-500.0Q2 0.1Q 30.0Q2)
Z3G 0.01-100.00Q 001Q  8.00Q Z3reach
(0.1-500.0Q2 0.1Q 40.0Q)
Z3G 6(*2) 45-90° 1° 85° Characteristic angle of mho element
ZBGO(*3) 0°-45° 1° 30° Angle of directional element
BFR1G 0.10 - 20.002 001Q  5.10Q Forward right blinder reach for Z1G
(0.5,1000Q 0.1Q 25.5Q)) Required if [BLZONE]=IND
BFRXG 0.10 - 20:00Q2 0.01Q 5.10Q Forward right blinder reach for Z1XG
(0.5- 100,02 0.1Q 25.5Q)) Required if [BLZONE]=IND
BFR2G 0.10%,2000Q 0.01Q 5.10Q Forward right blinder reach for Z2G
(0°%54100.0Q 0.1Q 25.50)) Required if [BLZONE]=IND
BFRFG 0:40"- 20.00Q 001Q  5.10Q Forward right blinder reach for ZFG
(0.5 - 100.0Q 0.1Q 25.50)) Required if [BLZONE]=IND
BFRG 0.10 - 20.00Q 0.01Q 5.10Q Forward right blinder reach for Z3G or Common
(0.5-100.0Q 010 25.5Q0) setting of BLZONE
BFLG 6 90° - 135° 1° 120° Forward left blinder angle
ZR1G 0.01-100.00Q2 001Q  2.00Q ZR1 reach
(0.1-500.0Q2 010 10.002)
ZR2G 0.01-100.00Q 001Q  4.00Q ZR2 reach
(0.1-500.0Q2 010 20.0Q)
Z4G 0.01-100.00Q2 001Q  8.00Q Z4 reach
(0.1-500.0Q2 010 40.0Q)
BRRG 0.10 - 20.00Q 0012 5100 Reverse right blinder reach
(0.5-100.0Q 0.10Q 25.50Q))
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Element Range Step Default  Remarks
ZNDG 0.01-100.00Q 0.01Q 10.000  ZND reach
(0.1-500.0Q2 010 50.0Q)
BNDG 0.10 - 20.00Q2 0.01Q 12.00QQ@  ZNDG blinder reach
(0.5-100.0Q 010 60.0Q)
Krs 0-1000 % 1% 340% Residual current compensation = ROIR4
Kxs 0-1000 % 1% 340% Residual current compensation = X0/X1
Krm 0-1000 % 1% 300% Mutual coupling compensation = ROM/R1
Kxm 0-1000 % 1% 300% Mutual coupling compensation = XOM/X1
KrsR 0-1000 % 1% 100% Residual current,compefsation for ZR = RO/R1
KxsR 0-1000 % 1% 100% Residual current compenSation for ZR = X0/X1
T21G 0.00-10.00s 0.01s 0.00s Zone 1 timer
T22G 0.00-10.00 s 0.01s 0.30s Zone 2 timer
TZFG 0.00-10.00s 0.01s 0.35s Zone F timer
TZ3G 0.00-10.00s 0.01s 040s Zone 3 timer.
TZR1G 0.00-10.00s 0.01s 0.50s Zone R14imer
TZR2G 0.00-10.00s 0.01s 0.60s ZonewR2 timer
TZNDG 0.00-10.00s 0.01s 0.70s ZongyND timer
uvC Rhase selection element
uvev 10-60V 1V 48V \oltage setting
uvCz 0.0-50.00 010 2003 Reach setting
(0- 2500 10 10Q0)
uvCco 45°-90° 1° 85° Characteristic angle
EFL 05-50A 0.1A 4.0 A Earth fault detection
(0.10-1.00 A 001 A T%0.20A)
UVPWI 30 V fixed UV for positive weak infeed

Scheme switch

PROTECTION 3ZONE/Z1EXT/PUP/POR/UGR POP Scheme selection
SCHEME /BOP/POP+DEF/UOP+DEF}
BOP+DEF/PUP+DEF
CRSCM OFF/ON ON Telecommunication service
BLZONE COM/IND COM Common or independent setting for blinder
Z1CNT 1/2/3/4/5 1 Zone 1 trip mode selection
PSB - Z1 OFF/ON ON Z1 power swing blocking
PSB - 72 OFF/ON ON Z2 power swing blocking
PSB - Z3 OFE/ON OFF Z3 power swing blocking
PSB - ZF OFF/ON OFF ZF power swing blocking
PSB - ZR4 OFF/ON OFF ZR1 power swing blocking
PSB -ZR2 OFF/ON OFF ZR2 power swing blocking
ZFBT OFF/ON OFF ZF backup tripping
ZR1BT: OFF/ON OFF ZR1 backup tripping
ZR2BT OFF/ON OFF ZR2 backup tripping
ZNDBT OFF/ON OFF ND zone backup tripping
UVPWIEN OFF/ON OFF Countermeasures for overreaching of a

leading-phase distance element at positive
phase weak infeed condition

(*1) Ohmic values shown in the parentheses are in the case of 1 A rating. Other ohmic values are in the case
of 5 A rating.

(*2) Valid only when mho-based characteristic is selected by ZS-C and ZG-C.

(*3) Valid only when quadrilateral characteristic is selected by ZS-C and ZG-C.
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The following elements have fixed setting values or their settings are interlinked with other
elements listed above. So no setting operation is required.

Element Setting Remarks

Z1BS Fixed to 1.5Q Z1 reverse offset reach
(Fixed to 7.5Q2)(*1)

BFRS 6 Fixed to 75° Angle of forward right blinder BFRS

Z4BS Fixed to 1.5Q Z4 offset reach. This is also the offset reach for ZIRS and Z2RS.
(Fixed to 7.50)) However, in these cases the offset reach is limited by the Z18

setting when Z1RS and Z2RS are used for backupstripping.

Z4S 6(*2) Interlinked with Z3S©  Characteristic angle of zone 4 mho element

Z4BS 0(*3)  Interlinked with ZBS ©  Angle of Z4 offset directional element

BRRS 6 Fixed to 75° Angle of reverse right blinder BRRS

BRLS Interlinked with BRRS ~ Reverse left blinder

BRLS 6 Interlinked with BFLS @  Angle of reverse left blinder BRLS

BFRG 6 Fixed to 75° Angle of forward right blinder BERG

BNDS6 Fixed to 75° Angle of BNDS blinder

Z4G 6(*2) Interlinked with Z3G ®  Characteristic angle of Z4mhe element

Z4BG 0(*3) Interlinked withZBG 6  Angle of offset diregtionalelement

BRRG 0 Fixed to 75° Angle of reverse right blinde”BRRG

BRLG Interlinked with BRRG ~ Reverse left blinder

BRLG © Interlinked with BFLG ©  Angle of reverse left blinder BRLG

BNDG6 Fixed to 75° Angle of BNDGblinder

(*1)Ohmic values shown in the parentheses,are‘in the case of 1 A rating. Other ohmic values are in the
case of 5 A rating.
(*2) Valid when mho-based charagtetistic is selected by ZS-C.

(*3) Valid when quadrilateral characteristic is selected by ZS-C.

In order to coordinate with the distanee protection provided for adjacent lines, care is required in
setting the reach and timer settingipFigure 2.4.1.9 shows an ideal zone and time coordination
between terminals.

Time
Zone 3 Zone 3
T3
Zone 2 Zone 2 Zone 2
T2
71 Zone 1 | Zone 1 | Zone 1
— e — |
T T T
A < B < C < D T
Zone 1 | Zone 1 | Zone 1
T2
Zone 2 Zone 2 Zone 2
Zone 3 Zone 3 T3

Figure 2.4.1.9 Typical Zone/Time Coordination among A-D Terminals
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Zone 1 setting

Since instantaneous tripping is allowed in zone 1, it is desirable to select a setting that will cover
the widest possible range of the protected line. Conversely, zone 1 elements must not respoud to
faults further than the remote end. Therefore, the setting of the zone 1 reach is set to 80 to 90%,0f
the impedance of the protected line taking account of VT and CT errors and measurement error.
The reach is set on the X-axis.

In order to change the reactance element characteristic into a broken line, Z1S(G)01 and
Z1S(G)62 in Figure 2.4.1.1 or Figure 2.4.1.2 must be set.

Time delayed tripping of zone 1 is selected when instantaneous tripping by another main
protection is given priority. The time delay TZ1 is set to ensure that coordinatien‘ls maintained
with fault clearance by the main protection. Suppose that the maximum ope€tatingtime of the main
protection is Tp, the opening time of the circuit breaker is Tcb, the minigmum’ operating time of
zone 1 element is T1 and the reset time of the zone 1 element is Tzone,1,then TZ1 must satisfy
the following condition:

TZ1 > Tp + Tcb + Tzone 1 - T1

Zone 2 setting

Zone 2 is required to cover 10 to 20% of the remote endZone not covered by zone 1. To assure this
protection, it is set to 120% or greater of the proteeted line impedance. To maintain the selectivity
with zone 1 of the adjacent lines, the zone 2 reach, should not exceed the zone 1 reach of the
shortest adjacent line. The reach is set on the X-axis.

Time delay TZ2 is set so that it may be coordinated with fault clearance afforded by the main
protection of the adjacent lines. If time delageditripping is selected for zone 1 of the protected line,
coordination with the time delay sheuld®alsofbe taken into account. Suppose that the main
protection operating time on the adjacent lin€s is Tp', the opening time of the circuit breaker is
Tcb', the minimum operating time ofizene 2 element is T2 and the reset time of local terminal zone
2 element is Tzone 2, then TZ2 must satisfy the following two conditions:

TZ2 > Tp' + Tcb' + TzoneR,— T2
TZ2>TZ1

If the adjacent lines are teo shost'for zone 2 to coordinate with zone 1 of the adjacent lines in reach
setting, it is necessary/to seta much greater time delay for zone 2 as shown in Figure 2.4.1.10.

Generally, in settingithe zone 2, consideration should be given to ensure selectivity with even the
slowest timer ofithe following protections:

e Remote end busbar protection

e Remote end ttansformer protection

e [Iine protection of adjacent lines

o, Remotesend breaker failure protection

Time
Zone 3
T Zone 2
T2 Zone 2
Zone 1 Zone 1
f f
A B C

Figure 2.4.1.10 Zone 2 Setting (When one of the adjacent lines is very short)
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Zone 3 setting

Zone 3, in cooperation with zone 2, affords backup protection for faults that have occurred on
adjacent lines. The reach should be set to exceed the remote end of the longest adjacentfline
whenever possible. It is also necessary to take into account the effect of fault infeed at the remete
busbars. If an ideal reach setting as shown in Figure 2.4.1.9 is possible, the timer setting for zong 3
needs only to consider the coordination with the timer setting in zone 2 of the protected linessand
adjacent lines.

However, as shown in Figure 2.4.1.11, if there are short-distance adjacent lines @hd it is
impossible to establish coordination only by the reach setting, there may also b€ a.case where the
time delay for zone 3 will need to be set greater than that of the adjacent fines:

The zone 3 reach is set on the characteristic angle when the mho characteriStic is%selected or set on
the X axis when the quadrilateral characteristic is selected.

z
T3 one 3

Zone 3

Zone 1 Zone 1

|
I
D

Figure 2.4.1.11 Zone 3 Sgtting (When one of the adjacent lines is very short)

Zone F setting

When zone F is used for the zofe 3%nstead of Z3, above zone 3 setting is applied. If the zone F is
used separately from zone 3, the Settings of zone F reach and time delay are set to be less than the
zone 3 settings.

Zone R1 setting

The setting of thezene Ril reach is set so as to exceed the end of the adjacent line behind the
relaying point. TBhe'reach is set on the X-axis. The time delay is set to be greater than that of the
zone 3 backup protection. The scheme switch [ZR1BT] is set to “ON”, and the scheme switch
[ZR2BT] maistbe set to “ON” and the zone R2 reach must be set greater than the zone R1 reach
even thoughythe Zone R2 is not used.

Zone R2'setting

The setting of the zone R2 reach is set so as to include the busbar of the adjacent terminal behind
the relaying point. The time delay is set to be greater than that of the zone R1.

Thegzone R2 reach is set on the characteristic angle when the mho characteristic is selected or set
on the X axis when the quadrilateral characteristic is selected. The scheme switch [ZR2BT] is set
to “ON”.

Zone ND setting

The setting of the zone ND reach is set so as to include all zone settings and the time delay is set
the greatest of all zones. The scheme switch [ZNDBT] is set to “ON”.
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Blinder setting

BFR and BRR reaches are set to the minimum load impedance with a margin. The minimum load
impedance is calculated using the minimum operating voltage and the maximum load current.

The blinder element (BFR) can be provided for each forward zone. The setting of blinder gl€ment
can be set independently or set common to forward zones by [BLZONE]=IND Jor
[BLZONEJ=COM setting. In the [BLZONE]=IND setting, the forward zone blinder setting
should be set BFR1+#<BFRX*<BFR2*<BFRx*. If BFR*<BFR1%*, for example, the reach of BFR 1
is limited to the BFR* setting reach as shown in Figure 2.4.1.12(b). The BFRF* can be Set larger
than the BFR*. If the BFRF* is larger than the maximum resistive reach of Z3 gfthe.area exceeding
the Z3 is invalid. The BFRF* is limited to Z3 operating zone as shown in Rigure 2.4.1.12(C).

X . X
[ Z3 3
72/
R / BFRT R BFRF
BFR2 . BFR
(b) (c)

Figure 2.4.1.12 BFR Reach

The BFL angle can be set to 90 to 1352%.andisgetifo 120° as a default. The BRL angle is linked with
the BFL angle.

Figure 2.4.1.12 shows an example ofithe blinder setting when the minimum load impedance is
Z1 . min and Z’T min under the load transmitting and receiving conditions.

BFL X BFR
- / Load Area
— R
2L min ’ /9 ZLmin
BRR BRL

Figure 2.4.1.13 Blinder Setting

When Z4 is used for overreaching command protection ie. POP, UOP and BOP, it is necessary
when setting BRR to take account of the setting of the remote end BFR to ensure coordination.
That is, the BRR is set to a value greater than the set value of the remote end BFR (e.g., 120% of
BFR). This ensures that a reverse fault that causes remote end zone 2 or zone 3 to operate is
detected in local zone R1 or R2 and false tripping is blocked.
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Setting of earth fault compensation factor (zero sequence compensation)

In order to correctly measure the positive-sequence impedance to the fault point, the current input
to the earth fault measuring elements is compensated by the residual current (31) of the prote€ted

line in the case of a single circuit line and by residual current (31g) of the protected line ‘and
residual current (31(’) of the parallel line in the case of a double circuit line.

Generally, the following equation is used to compensate the zero-sequence voltage drop in the
case of phase “a”.

Va =(a—-10)Z1 + 10 x Z0 + Iom X Zom (1)
where,
Va: Phase “a” voltage
Ia:  Phase “a” current
Ig:  Zero-sequence current of the protected line
Iom: Zero-sequence current of the parallel line
Z1: Positive-sequence impedance (Z1 = R1 + jXjp)
Z(: Zero-sequence impedance (Z( = R( +4X)
Z(m: Zero-sequence mutual impedance (Zom = Rgm + jXom)
Equation (1) can be written as follows:
Va =R1 +]XDIa+ {(Ro—R1) +j(X0£XDO + (Rom * jXom)lom
Ro-R1  Rom_ X X0-X1  Xom.
Ry 0TTR, Tom)t JX0da + X; 07X Tom)

In the GRZ100, the voltage isf compensated independently for resistance and reactance
components as shown in equation (20in stead of general equation (1).

KI'S Krm

=R1(Ia+

_ 100 100
VaR +jVaX = (R1(laRe™ T g > 3I0R+—3 x3lomR)

Kxs Kxm

100 100
—X1(lax + 73 x3lox + —3 x3lomX )}

KI'S Krm

, 100 100
FIR(lax + 3 x3lox + 3 x3lomX)

Kxs Kxm

+X1(TaR + 1003 X310R+%X3IomR)} )
where,
Kxs: compensation factor (Kxs = X /X1 x 100)
Kys: compensation factor (Kyg = Rg/R1 x 100)
Kxm: compensation factor (Kxm = Xom/X1 x 100)
Kym: compensation factor (Kym = Rom/R1 x 100)

X: imaginary part of the measured impedance

R:  real part of the measured impedance
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VaX:imaginary part of phase “a” voltage
VaR: real part of phase “a” voltage

[IP 4]

Iax: imaginary part of phase “a” current

IaR: real part of phase “a” current

IpX: imaginary part of zero-sequence current of the protected line
IgR: real part of zero-sequence current of the protected line
IomX: imaginary part of zero-sequence current of the parallel line

IomR: real part of zero-sequence current of the parallel line

o’
— >
P F
R
Va 11,12, lo
|
' 71,22, Zo

Figure 2.4.1.14 Earth(Fault Compensation

The zero-sequence compensation factors are @ppliedpto the earth fault measuring elements as
shown in the table below

Element |Protected line |Parallelline
Z1G Krs, Kxs KrmaiKxm
Z1XG Krs, Kxs Krm, Kxm
722G Krs, Kxs Krm, Kxm
Z3G = -
ZFG A -
ZR1G KrsR, KR -
ZR2G - -
Z4G - -
ZNDG - -

—:'‘@ompensation is not provided.

The zero-sequenee compensation of the parallel line is controlled by the ZPCC (Zero-sequence
Current Compgnsation) element.

When angearth” fault occurs on the protected line, the ZPCC operates and parallel line
compensationvis performed to prevent underreach caused by the mutual zero-sequence current of
thetparalleldline.

When an'earth fault on the parallel line occurs, the ZPCC does not operate and the compensation
of parallel line is not performed to prevent overreach. The operating condition of the ZPCC is as
follows:

310/ 31om = 0.8

Charging current compensation

When distance protection is applied to underground cables or long-distance overhead lines, the
effect of charging current cannot be ignored. It appears as a distance measurement error in the
fault.
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To suppress the effect of the charging current and maintain the highly accurate distance
measurement capability, the GRZ100 has a charging current compensation function.

The compensation is recommended if the minimum fault current can be less than three timeg the
charging current.

The setting value of ZIC should be the charging current at the rated voltage Vn.

Element Range Step Default Remarks

ZIC 0.00-5.00A 0.01A 0.00 Charging current setting
(0.00-1.00A 0.01A 0.00 A) ()

Vn 100 - 120 1V 110V Rated line voltage

(*) Current values shown in the parentheses are in the case of 1 A rating. Othereurrent values are in
the case of 5 A rating.

Setting of phase selection element

Phase selection is required only for faults on the protected lime. Therefore, impedance reach
setting UVCZ is set to 120% of the positive-sequence impedange of the protected line. Impedance
angle setting UVC 0 is set the same as the protected line angle.

Undervoltage setting UVCYV is set higher than the estimated maximum fault voltage at the fault
point for a single-phase earth fault.

2.4.2 Zone 1 Extension Protection

Application

The disadvantage of time-stepped distan¢e protéction is that faults near the remote end of the
protected line can only be cleared infzong 2 timi€, thus high speed protection cannot be performed
for all faults on the protected lin&alf gelecommunication is available, this disadvantage can be
solved by command protection. [fitelecommunication is not available, zone 1 extension protection
using autoreclose will implementshighyspeed protection at both terminals.

Zone 1 extension (zone 1X) has @ complex characteristic combining the reactance element, mho
element and blinder element, and 1ts characteristic is the same as zone 1.

Zone 1X for earth fault$ts pfovided with the same residual current compensation as zone 1 and
zone 2.

As shown in Figtren2.42.1, zone 1X is set to overreach the protected line and performs
instantaneous tripping, This tripping is followed by autoreclose. In the selected autoreclose mode,
one of three-phase,tripping and autoreclose, single-phase tripping and autoreclose, or single- and
three-phaseftripping and autoreclose is executed.

The Zoneyextension protection clears a fault on the protected line including an end zone fault at
high spéed, displaying the performance equivalent to that of command protection.

On the, other hand, unlike command protection, overreaching zone 1X also acts instantaneously
for a fault on adjacent lines and executes tripping. If the fault is a transient fault, power
transmission can be recovered by autoreclose with a transient loss of power supply.

High speed zone 1X tripping is not desirable following reclosure onto a permanent fault on an
adjacent line because more of the network is lost than necessary. Therefore, tripping by zone 1X is
blocked prior to the reclosing command to the circuit breaker. Whether or not the permanent fault
is on the protected line or on an adjacent line, tripping is performed under time-stepped distance
protection.

When autoreclose is out of service, the zone 1 extension protection is blocked.
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Time
ZoneR T4

T3 Zone 3

T2 Zone 2

T Zone 1 Zone 1X

© = : ~®

A B C

Figure 2.4.2.1 Time/Distance Characteristics of Zone 1°"Extension Protection
and Time-Stepped Distance Protection

Scheme Logic

The scheme logic of the zone 1 extension protection is shown/Figure 2.4.2.2. Zone 1X outputs
single-phase tripping signal S-TRIP or three-phaseMzipping signal M-TRIP through phase
selection logic on condition that the reclosing mode selection switch [ARC-M] of autoreclose be
set to "TPAR" or "SPAR & TPAR" and conditiomiRBEsREADY 1 = 1 be established. The phase
selection logic is the same as that for the zone Wproteetion shown in Figure 2.4.1.7, except that
Z1XG and Z1XS are employed instead of Z1GfandZLS. When a power swing is detected (PSB =
1) and when a VT failure is detected (VTF =_1),4sipping is blocked. Power swing blocking can be

disabled by the scheme switch [PSB-Z1X]

The zone 1 extension protection” is\)disabled by the binary input signal (PLC signal)

Z1XG BLOCK and Z1XS BLOCK.

[ARC-M]
+ [] []

"SPAR", &
"SPAR + TPAR"
REC-READY1
[1540Z1X_INIT |

Protection_scheme

"Z1-EXT

[1659 [Z1X_F.ENABLE

22:Z1XG-AWe23:21XG-B 24:Z21XG-C

@ Q 37(Z1XS-AB 38:Z1XS-BC 39:Z1XS-CA
Rt [PSB-Z1X]

"ON"

VTF O

[1647]21XG_ BLOCK | .
110
1633 |21XS_BLOCK

Phase ——>S-TRIP

Selection

——>M-TRIP

Figure 2.4.2.2 Zone 1 Extension Scheme Logic

REC-READY1 is a signal in the autoreclose function, and as shown in Figure 2.4.2.3,
REC-READY1 =1 is established when the reclaim time has elapsed, that is, when autoreclose is
ready, and reset when a reclosing command is output.

Zone 1 extension can provide protection in the case of evolving faults provided that they occur
before the reclosing command is output. Otherwise, in the case of a permanent fault, it will not

respond to a reclose-on-to-fault.
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Figure 2.4.2.3 Sequence Diagram of Zone 1 Extension

Zone 1 extension executes single-phase tripping and autoreclose fordsinglesphase to earth faults
when the reclosing mode selection switch [ARC-M] is set to "SPAR & TRPAR". A phase selection
element UVC and phase selection logic are used for reliable seleetion‘ofithe faulted phases. Phase
selection logic for zone 1X can be seen in Figure 2.4.1.7 by replacingyzone 1 measuring elements

6F2S0834

with zone 1X measuring elements.

Setting

The following table shows the setting elements neeessaryyforzone 1 extension protection and their

setting ranges.

Element Range Step Default Remarks

Z1XS 0.01-50.00Q2 0.01Q 2.40Q Zone 1 extension reach
(0.10-250.00Q2  0.01Q 12.00Q) (*)

Z1S 01 0°-45° 1° 0° Gradient of reactance element

21S 62 45° - 90° 1° 90°

BFRXS 0.10 — 20.00Q2 0.01Q 5.10Q Forward night blinder reach for Z1XS
(0.5-100.0Q2 0.1 25.5Q)) Required if [BLZONE]=IND

Z1XG 0.01-50.00Q 0.010 240Q2 Zone 1 extension reach
(0.10 - 250.00Q¢70.01@ 12.00Q2)

Z1G 01 0° - 45° 1° 0° Gradient of reactance element

21G 62 45° - 90° 1° 90°

BFRXG 0.10 £20.00Q 0.01Q 5.10Q Forward night blinder reach for Z1XG
(0.5 2:100:0Q2 0.1Q 25.5Q)) Required if [BLZONE]=IND

PROTECTION  3ZQONE/Z1EXT/PUP/POP/UOP/BOP/POP POP Scheme selection

SCHEME +DFFIJOP+DEF/BOP+DEF/ PUP+DEF

Autoreclose Disabled/SPAR/TPAR/

mode (ARC=M) “SRAR & TPAR/EXT1P/EXT3P

BLZONE COMIIND
PSB-ZiX OFF/ON

SPAR & TPAR Autoreclose mode selection"SPAR" or
"SPAR & TPAR" should be selected

COM Common or independent setting for blinder

ON Power swing blocking

(#)Ohmic values shown in the parentheses are in the case of 1 A rating. Other ohmic values are in the

case of 5 A rating.

Thefreach for zone 1 extension is set, for example, to 120% so as to completely cover the protected
line. It is not necessary to set the earth fault compensation factors because the same compensation
factors as those of zone 1 and zone 2 are used. The reach is set on the X-axis.

When the reactance element characteristic of zone 1 takes a broken line, that of zone 1 extension
follows it automatically.

When using zone 1 extension protection, either "SPAR & TPAR" or "TPAR" must be selected as
the reclosing mode of the autoreclose.
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2.4.3 Command Protection

If operational information from the distance relays located at each end of the protected line™is
exchanged by means of telecommunication, it is possible to accurately determine whether ot\not
the fault is internal or external to the protected line. Each terminal can provide high-spced
protection for any fault along the whole length of the protected line. The GRZ100 provides the
following command protection using the distance measuring elements.

e Permissive underreach protection (PUP)
e Permissive overreach protection (POP)
e Unblocking overreach protection (UOP)
e Blocking overreach protection (BOP)

Each command protection can initiate high-speed autoreclose. These®protections perform
single-phase or three-phase tripping depending on the setting of theyeclasing mode and the fault

type.

Each command protection includes the aforementioned timesstepped distance protection as
backup protection.

2.4.3.1Permissive Underreach Protection

Application

In permissive underreach protection (PUP), thefindetegaching zone 1 protection operates and trips
the local circuit breakers and at the same time sends a trip permission signal to the remote terminal.
The terminal which receives this signal exgcutesjinstantaneous tripping on condition that the local
overreaching element has operated. Fh€yovetreaching element can be selected as either zone 2 or
zone 3.

Since the trip permission signal 1Sysenfienly when it is sure that the fault exists in the operating
zone of zone 1, the PUP providessexcellent security. On the other hand, the PUP does not provide
sufficient dependability for faults/onlines that contain open terminals or weak infeed terminals for
which zone 1 cannot operate®Faultsmear open terminals or weak infeed terminals are removed by
delayed tripping of zone 2'glements at remote terminals.

Since only the operatifig signal of the underreaching element is transmitted, it is not necessary to
distinguish a transmit signal from a receive signal. That is, the telecommunication channel can be
shared by the terminals,and a simplex channel can be used.

Scheme Logic

Figureq2.4.3.1 shows the scheme logic of the PUP. Once zone 1 starts to operate, it outputs a
singlé-phase tripping signal S-TRIP or three-phase tripping signal M-TRIP to the local terminal
instantaficously and at the same time sends a trip permission signal CS to the remote terminals.
When the t#1p permission signal R1-CR or R2-CR or both is received from the remote terminals,
PUP executes instantaneous tripping on condition that either zone 2 or zone 3 has operated.
Whether or not zone 2 or zone 3 is used can be selected by the scheme switch [ZONESEL]. If the
PL@signal PSCM_TCHDEN is established, the delayed pick-up timer TCHD is provided.

When the integral communication channel is used, the trip permission signals sent and received
contain three phase-segregated signals for earth faults and one signal for phase faults. When the
external communication channel is used, a single trip permission signal is common to all fault

types.
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(from Figure 2.4.12.1.)

R1-CR: Trip permission signal from the remote terminal 1 in 3 terminal applicationgor
Trip permission signal from remote terminal in 2 terminal application.
In integral communication, it is a phase-segregated signal as follows:

Signal No. Signal name Description
1728: CAR-A-R1 Distance carrier command A-ph@setrip
1729: CAR-B-R1 Distance carrier commang@hB-phaseg trip
1730: CAR-C-R1 Distance carrier command C2phase,trip
1731:  CAR-S-R1 Distance carrier command Threesphase trip
In external communication, it is the following signal:
Signal No. Signal name Description

1568: EXT_CAR.R1-1 Trip carrier signal from remote terminal 1
1569: EXT_CAR.R1-2 Guard/And carrier signal from,remote terminal 1

R2-CR: Trip permission signal from the remote terminal 2 in48 terminal application.
In integral communication, it is a phase-segregated signal as follows:

Signal No.  Signal name Description
1760: CAR-A-R2 Distance carrief comymand A-phase trip
1761: CAR-B-R2 Distan€eycarrier command B-phase trip
1762: CAR-C-R2 Distance carrieli@ommand C-phase trip
1763: CAR-S-R2 Distancefcarrier command Three-phase trip
In external communication, it is the following@ signal:
Signal No.  Signal name Description

1584: EXT_CAR.R2-1 Triptearrier’signal from remote terminal 2
1585: EXT_CAR.R2-2 Guard/And carrier signal from remote terminal 2

Figure 2.4.3.1 PUP Scheme Logic

To select the faulted (phases reliably, phase selection is performed using the phase selection
element UVC. Phase selection logic in zone 1 tripping is shown in Figure 2.4.1.7 and its operation
is described in Section 2.4.1. Phase selection logic in command tripping is shown in Figure
2.4.3.9. Refer toSection 2.4.3.7.

Off-delay tifictFI SBCT is provided for the following purpose:

In manyaeases,anost of the overreaching elements at both ends operate almost simultaneously.
However, there may be some cases where they cannot operate simultaneously due to unbalanced
distriboitiongef fault currents. Non-operation of the overreaching elements can occur at a terminal
far fromhe fault, but they can operate if the other terminal trips. Transmission of the trip
permission signal continues for the setting time of TSBCT after reset of zone 1, and thus even the
terminal for which the overreaching element has delayed-picked up can also trip.

Setting

The following shows the setting elements necessary for the PUP and their setting ranges.
For the settings of Z1, Z2, Z3 and UVC, refer to Section 2.4.1.

Element Range Step Default Remarks
TCHD 0-50ms 1ms 12 ms Channel delay time
CO. LINK Int/ Ext Int Communication link (Integral or External)
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TSBCT 0.00-1.00s 0.01s 0.10s
PROTECTION 3ZONE/Z1EXT/PUP/POP/UOP POP Scheme selection
SCHEME /BOP/POP+DEF/UOP+DEF/

BOP+DEF/PUP+DEF
TERM 2TERM/3TERM 2TERM Terminal selection
Open1 OFF/ON OFF Remote terminal 1 out of service
Open2 OFF/ON OFF Remote terminal 2 out of service
ZONESEL Z2(Z3 Z2 Overreaching element selection
PSB-CR OFF/ON ON Power swing blocking

2.4.3.2Permissive Overreach Protection

Application

In permissive overreach protection (POP), the terminal on which the forward overreaching
element operates transmits a trip permission signal to the other terminal. The circuit breaker at the
local terminal is tripped on condition that the overreaching ¢lement of the local terminal has
operated and that a trip permission signal has been received fromithe remote terminal. That is, POP
determines that the fault exists inside the protected line bagéd on the overlapping operation of the
forward overreaching elements at both terminals. Itds, possible to use zone 2 or zone 3, as the
forward overreaching element.

The POP is provided with an echo function and weaksinfeed trip function so that even when the
protection is applied to a line with open terminal§r weak infeed terminals, it enables fast tripping
of both terminals for any fault along the whdle Iength of the protected line. An undervoltage
element UVL is provided for weak infeed tripping. (See Section 2.4.3.5 for protection for weak
infeed terminal.)

When a sequential fault clearance o¢curs)foriasfault on a parallel line, the direction of the current
on the healthy line is reversed. Theystatus of the forward overreaching element changes from an
operating to a reset state at the terminal¥ghere the current is reversed from an inward to an outward
direction, and from a non-operating status to operating status at the other terminal. In this process,
if the operating periods of the forwartoverreaching element of both terminals overlap, the healthy
line may be tripped erronegusly \\L¢ prevent this, current reversal logic (CRL) is provided. (See
Section 2.4.3.6 for cugtentiteversal.)

Since the POP transmifs a tip permission signal with the operation of the overreaching element, it
requires multiplexysignaling channels or one channel for each direction. This ensures that the
transmitting terminal®does not trip erroneously due to reception of its own transmit signal during
an external faulfin the overreaching zone.

Scheme Logic

Figure 2.483.2"§hows the scheme logic for the POP. The POP transmits a trip permission signal to
thefothef terminal for any of the following conditions.

e (The forward overreaching zone 2 or zone 3 selected by scheme switch [ZONESEL]
operates and the current reversal logic (CRL) has not picked up. If the PLC signal
PSCM_TCHDEN is established, the delayed pick-up timer TCHD is provided.

e The circuit breaker is opened and a trip permission signal CR is received from the other
terminal.

e The forward overreaching zone 2 or zone 3 and reverse looking Z4 have not operated
and a trip permission signal is received from the other terminal.

The last two are implemented when an echo function (ECH) is selected. (Refer to Section 2.4.3.5
for echo function.)
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Figure 2.4.3.2 POP Scheme Logic

Transmission of the trip pérmisgion signal continues for the TSBCT setting even after the local
terminal is tripped by the delayed drop-off timer TSBCT. This is to ensure that command tripping
is executed at the remgte temminal.

The POP outputs_single-phase tripping signal S-TRIP or three-phase tripping signal M-TRIP to
the local termindl when the trip permission signal R1-CR and R2-CR are received from the remote
terminals, the curtent/reversal logic (CRL) is not picked up and one of the following conditions is
established/

e “Theforward overreaching element operates.

® The undervoltage element UVL (UVLS or UVLG) operates and the forward
overreaching and the reverse looking elements do not operate.

The latter is implemented when the weak infeed trip function is selected. (Refer to Section 2.4.3.5
for yeak infeed trip function.)

When the integral communication channel is used, the trip permission signals sent and received
contain three phase-segregated signals for earth faults and one signal for phase faults. When the
external communication channel is used, a single trip permission signal is common to all fault

types.

To select the faulted phase reliably, phase selection is performed using the phase selection element
UVC. Phase selection logic is described in Section 2.4.3.7.
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Setting

The following shows the setting elements necessary for the POP and their setting ranges. For the
settings of Z2, Z3 and UVC, refer to Section 2.4.1.

Element Range Step Default Remarks
CO. LINK Int/ Ext Int Communication link (Integral or External)
UVL Weak infeed trip element
UVLS 50-100V (\% 77V Undervoltage detection (phase fault)
UVLG 10-60V 1V 45v Undervoltage detection (earth faulf)
Z4S 0.01-50.00Q 0.01Q 8.00Q2 Z4 reach
(0.1-250.0Q2 0.1Q 40.0Q) (%)
BRRS 0.10 - 20.00Q2 0.010 5.10Q Reverse right blider reach
(0.5-100.0Q 0.1Q 25.50Q))
Z4G 0.01-100.00Q 0.01Q 8.00Q2 Z4 reach
(0.1-500.0Q2 0.1Q 40.0Q)
BRRG 0.10 - 20.00Q2 0.010 5.10Q Reyersewight blinder reach
(0.5-100.0Q 0.1Q 25.5Q0)
TCHD 0-50ms 1ms 12 ms Channel delay time
TREBK 0.00 - 10.00s 0.01s 0.10s Current reversal block time
TSBCT 0.00 - 1.00s 0.01s 0.10s
PROTECTION 3ZONE/Z1EXT/PUP/POP/UOP/ POR Scheme selection
SCHEME BOP/POP+DEF/UOP+DEF/
BOP+DEF/PUP+DEF
TERM 2TERM/3TERM 2IERM Terminal selection
Opent OFF/ON OFF Remote terminal 1 out of service
Open2 OFF/ON OFF Remote terminal 2 out of service
ZONESEL Z2(Z3 Z2 Overreaching element selection
PSB-CR OFF/ON ON Power swing blocking
ECHO OFF/ON ON Echo function
WKIT OFF/ON ON Weak infeed trip function

(*) Ohmic values shown.in theparentheses are in the case of 1 A rating. Other ohmic values are in the
case of 5 A rating.

The following elemenifs haye fixed setting values or their settings are interlinked with other
elements listed abeye. Se,no setting operation is required.

Element Setting Remarks
Z4BS Eixed4o 1.5Q Z4 reverse offset reach
(Rixed to 7.5Q2) (*1)

ZASB(2) Interlinked with Z3S ©  Characteristic angle of Z4 mho element
Z4BS,0(*3)y, Interlinked with ZBS 6 Angle of Z4 directional element

BRRS 0 Fixed to 75° Angle of reverse right blinder BRRS
BRES Interlinked with BRRS  Reverse left blinder
BRLS 6 Interlinked with BFLS © Angle of reverse left blinder BRLS

Z4G 0(*2) Interlinked with Z3G ©  Characteristic angle of Z4 mho element
Z4BG 0(*3)  Interlinked with ZBG ©  Angle of Z4 directional element

BRRG 6 Fixed to 75° Angle of reverse right blinder BRRG
BRLG Interlinked with BRRG  Reverse left blinder
BRLG 6 Interlinked with BFLG © Angle of reverse left blinder BRLG

(*1)Ohmic values shown in the parentheses are in the case of 1 A rating. Other ohmic values are in the
case of 5 A rating.
(*2) Valid only when mho-based characteristic is selected by ZS-C.
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(*3) Valid only when quadrilateral characteristic is selected by ZS-C.

The reverse looking Z4 (G,S), BRR (G,S) and BRL (G,S) must always operate for reverse faults
for which the forward overreaching element of the remote end operates. The following seftting
coordination is required.

When zone 2 is selected as the forward looking element:
74 setting = 1.2 x (Zone 2 setting at remote end)
When zone 3 is selected:
74 setting = 1.2 x (Zone 3 setting at remote end)
In both cases:
BRR setting = 1.2 x (BFR setting at remote end)

2.4.3.3Unblocking Overreach Protection
Application

If a power line carrier is used as the telecommunication mediaythere is a possibility that the
dependability of the PUP and POP could be reduced, This ig beeause the trip permission signal
must be transmitted through the fault point and the atténuation/of the signal may cause the PUP
and POP to fail to operate. To solve this problem, unblogking overreach protection (UOP) is
applied.

The signal transmitted under the UOP is a trip block signal and this is transmitted continuously
during non-fault conditions. When the forward overreaching element operates, transmission is
stopped. At the remote end, the non-receiptof a tgip block signal is recognized as an actual trip
permission signal and tripping is executedfon*condition that the local forward overreaching
element operates.

In this system, the transmitted gignalfis a trip block signal, and transmission of that signal is
required only in the case of external*faults» Therefore, even if power line carrier is used, a failure to
operate or false operation due té attenuation of the signal would not be experienced.

If the modulation method ofithe telecommunication circuits is a frequency shift method in external
communication, frequencies f1 ‘and f2 are assigned to the trip block signal and trip permission
signal, respectively. Theyreeeive end recognizes signals CR1 and CR2 as corresponding to
respective frequencies.as the actual trip permission signals when either one of the following
conditions is established‘and executes tripping on condition that the overreaching element should
operate.

e CR1 isMost'and only CR2 is received.
e Both CR1 and CR2 are lost.

Thefatter 1S%also applicable if there is a telecommunication circuit failure in addition to attenuation
of the gignal,at the fault point. Therefore, when the latter condition continues for a certain period
or longerthe UOP is blocked and a telecommunication circuit failure alarm is output.

The UOP is provided with an echo function and weak infeed trip function and even when applied
to adine with open terminals or weak infeed terminals, it allows fast tripping of both terminals for
any fault along the whole length of the protected line. An undervoltage element UVL is provided
for weak infeed tripping. (See Section 2.4.3.5 for protection for weak infeed terminal.)

When a sequential fault clearance occurs for a fault on a parallel line, the direction of the current
on the healthy line is reversed. The status of the forward overreaching element changes from an
operating to a reset state at the terminal where the current is reversed from an inward to an outward
direction, and from a non-operating status to an operating status at the other terminal. In this
process, if the operating periods of the forward overreaching element of both terminals overlap,
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the healthy line may be tripped erroneously. To prevent this, current reversal logic is provided.
(See Section 2.4.3.6 for current reversal.)

For the external communication channel, a single channel shared by different terminal§ or
multiplex channels, one channel for each direction can be used.

Scheme Logic

Figure 2.4.3.3 shows the scheme logic of the UOP. The logic level of transmit signal CS and
receive signal R1-CR and R2-CR is "1" for a trip block signal and "0" for a trip permissién signal.

The UOP changes its transmit signal CS from a trip block signal to trip perniissionysignal under
one of the following conditions. The logic level of CS changes from 1 to 0:

e The forward overreaching zone 2 or zone 3 selected by the scieméswitch [ZONESEL]
operates and the current reversal logic (CRL) is not pickedfups If the PLC signal
PSCM_TCHDEN is established, the delayed pick-up timer T@HD is provided.

e The circuit breaker is open and the trip permissiongsignal®(R 1-CR=0, R2-CR=0) is
received from the other terminals.

e The forward overreaching zone 2 or zone 3 and rgverse,looking Z4 are not operating and
a trip permission signal is received from th€Wther terminal.

The last two are implemented when an echo function (E€His selected. (Refer to Section 2.4.3.5
for echo function.)

Transmission of a trip permission signal contiiues, for the TSBCT setting even after the local
terminal is tripped. This is to ensure that command tripping is executed at the remote terminal.

The UOP outputs single-phase tripping signal SsTRIP or three-phase tripping signal M-TRIP to
the local terminal when the trip pesmission signal (R1-CR=0, R2-CR=0) is received from the
remote terminals, the current revérsal Jogic (CRL) is not picked up and one of the following
conditions is established.

e The forward overreaching clement operates.

e The undervoltage_elément UVL (UVLS or UVLG) operates and the forward
overreaching and the geverse looking elements do not operate.

The latter is implementedwhen the weak infeed trip function is selected.

When the integraldgommunication channel is used, the trip permission signals sent and received
contain three phase-segregated signals for earth faults and one signal for phase faults. When the
external communication channel is used, a single trip permission signal is common to all fault

types.

To seleet thefaulted phase reliably, phase selection is performed using the phase selection element
UV@! Phase selection logic is described in Section 2.4.3.7.
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Setting

The following shows the setting e€lements necessary for the UOP and their setting ranges.
For the settings of Z2, Z3, and UV.E, refer to Section 2.4.1.

Element Range Step Default Remarks
CO. LINK Int/ Ext Int Communication link (Integral or External)
UVL Weak infeed trip element
UVLS 50241000 (% A Undervoltage detection (phase fault)
UVLG 10 - 60V 1V 45V Undervoltage detection (earth fault)
Z4S 0.01 - 50.00Q 0.01Q 8.00Q Z4 reach
(0.1 -250.0Q 0.1 40.00) ()
BRRS 0.10 - 20.00Q 0.01Q 5.10Q Reverse right blinder reach
(0.5-100.0Q 0.1Q 25.5Q))
Z4G 0.01-100.00Q 0.01Q 8.00Q Z4 reach
(0.1-500.0Q 0.1Q 40.0Q)
BRRG 0.10 - 20.00Q 0.010 5.10Q Reverse right blinder reach
(0.5-100.0Q 0.1Q 25.5Q))
TCHD 0-50ms 1ms 12 ms Channel delay time
TREBK 0.00 - 10.00s 0.01s 0.10s Current reversal block time
TSBCT 0.00 - 1.00s 0.01s 0.10s
PROTECTION  3ZONE/Z1EXT/PUP/POP/UOP/ POP Scheme selection
SCHEME BOP /POP+DEF/UOP+DEF/
BOP+DEF/PUP+DEF
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TERM 2TERM/3TERM 2TERM Terminal selection

Open1 OFF/ON OFF Remote terminal 1 out of service
Open2 OFF/ON OFF Remote terminal 2 out of service
ZONESEL Z2/73 Z2 Overreaching element selection
PSB - CR OFF/ON ON Power swing blocking

ECHO OFF/ON ON Echo function

WKIT OFF/ON ON Weak infeed trip function

(*) Ohmic values shown in the parentheses are in the case of 1 A rating. Other ohmic values are in
the case of 5 A rating.

The following elements have fixed setting values or their settings arebinteslinked with other
elements listed above. So no setting operation is required.

Element Setting Remarks
Z4BS Fixed to 1.5Q Z4 reverse offset reach
(Fixed to 7.5Q2)(*1)

Z4S 0(*2) Interlinked with Z3S 6 Characteristic angle of zone 4#'mho element
ZABS 6(*3)  Interlinked with ZBS 6 Angle of Z4 directional element

BRRS 6 Fixed to 75° Angle of reverse right blindenBRRS
BRLS Interlinked with BRRS Reverse left blindén
BRLS 6 Interlinked with BFLS @  Angle of reverse right blinder BRRS

Z4G 0(*2) Interlinked with Z3G 6 Characteristic:angle . ofiz4 mho element
Z4BG 0(*3) Interlinked withZBG©  Angle of Z4 directignal element

BRRG 6 Fixed to 75° Angle of réverseblinder BRRG
BRLG Interlinked with BRRG Reverse lefhblinder
BRLG 6 Interlinked with BFLG @  Angle of reverse left blinder BRLG

(*1) Ohmic values shown in the parenthesés are in the case of 1 A rating. Other ohmic values are in
the case of 5 A rating.

(*2) Valid only when mho-based characteristic is selected by ZS-C.

(*3) Valid only when quadrilateralycharacteristic is selected by ZS-C.

The reverse looking elements*Z4 (G,S), BRR (G,S) and BRL (G,S) must always operate for
reverse faults for which the ferward overreaching element of the remote end operates. The
following setting coordination is required.

When zone 2 is selected as the forward-looking element,
74 setting = 1.2%(Zone 2 setting at remote end)
When zone 3 is(selected,
74 settifng = 1.2 x (Zone 3 setting at remote end)

In both ¢ases;

BRR setting = 1.2 x (BFR setting at remote end)

2.4.3.4Blocking Overreach Protection
Application

In blocking overreach protection (BOP), each terminal normally transmits a trip permission
signal, and transmits a trip block signal if the reverse looking Z4 operates and the forward
overreaching element does not operate. Tripping of the local circuit breaker is performed on
condition that the forward overreaching element has operated and a trip permission signal has
been received. As the forward overreaching element, it is possible to use zone 2 or zone 3.

In external communication, if signal modulation is performed by an ON/OFF method, the signal is
not normally transmitted and a trip block signal is transmitted only when the reverse looking
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element operates. Tripping is performed on condition that the forward overreaching element has
operated and no signal has been received. In this signaling system, the signal transmitted is a trip.
block signal and transmission of this signal is only required in the event of an external fault:
Therefore, even if power line carrier is used, there will be no failure to operate or false operation
due to attenuation of signals caused by signal transmission through the fault.

The BOP receives a trip permission signal all the time. Therefore, when a forward external fanlt
occurs, the infeed terminal on which the forward overreaching element has operated attempts to
perform instantaneous tripping. At this time, at the remote outfeed terminal, the reverse looking
element operates and transmits a trip block signal. This signal is received at the infeed terminal
after a channel delay time. Therefore, a short delay is required for the trippifig texcheck for the
reception of a trip block signal.

The BOP performs fast tripping for any fault along the whole length of thefptetected line even if an
open terminal exists. A strong infeed terminal operates for all internal faults eyén if a weak infeed
terminal exists. Therefore, no echo function is required. However, singe nefweak infeed logic is
applicable to the BOP, the weak infeed terminal cannot operate.

When a sequential fault clearance occurs for a fault on a parallél line, the direction of the current
on the healthy line is reversed. The status of the forward overreéaching element changes from an
operating to a reset state at the terminal where the current i§'teversed from the inward direction to
outward direction, and from a non-operating status tofan operating status at the other terminal. In
this process, if the operating periods of the forwardyowerreaching element of both terminals
overlap, the healthy line may be tripped erronegusly. To prevent this, current reversal logic is
provided. (See Section 2.4.3.6 for current reversal.)

Scheme Logic

Figure 2.4.3.4 shows the scheme logic offtheeBOP. The logic level of transmit signal CS and
receive signal R1-CR or R2-CR is " L*gfor'a trip/block signal and "0" for a trip permission signal.

The transmit signal is controlled idthe BOP as follows:

In the normal state, the logic level off¥transmit signal CS is 0, and a trip permission signal is
transmitted. If the reverse looking,zone,4 operates and at the same time the forward overreaching
element zone 2 or zone 3 selectedby the scheme switch [ZONESEL] does not operate, CS
becomes 1 and a trip block signaliisdransmitted. When this condition continues for 20 ms or more,
current reversal logic is picked up and a drop-off delay time of TREBK setting is given to reset the
transmission of the trip,blockssignal.

Transmission of a, tripypermission signal continues for the TSBCT setting even after the local
terminal is tripped; assuring command tripping of the remote terminal.

The BOP outputs single-phase tripping signal S-TRIP or three-phase tripping signal M-TRIP to
the local terminalwhen zone 3 or zone 2 operates and at the same time the trip permission signal is
received (R1-€R&0, R2-CR=0). The delayed pick-up timer TCHD is provided to allow for the
transmission‘deldy for receipt of the trip block signal from the remote terminal in the event of a
forward,extempal fault.

When the dntegral communication channel is used, the trip permission signals sent and received
contain‘three phase-segregated signals for earth faults and one signal for phase faults. When the
external communication channel is used, a single trip permission signal is common to all fault
types.

To select the faulted phase reliably, phase selection is performed using the phase selection element
UVC. The phase selection logic is described in Section 2.4.3.7.
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Figure 2.4.3.4 BOP Scheme Logic

The following shows the setting elements necessary for the BOR and their setting ranges.
For the settings of Z2, Z3 and UVC, refer to Section 2.4.1.

Element Range Step Defaulf Remarks
CO. LINK Int/ Ext Int Communication link (Integral or External)
Z4S 0.01-50.00Q 0.01Q 800y Z4 reach
(0.1-250.0Q 0.1Q 40000¢)
BRRS 0.10 - 20.00Q2 0.010 5.10Q Reverse right blinder reach
(0.5-100.0Q 0.1Q 25.50)
Z4G 0.01-100.00Q2 0.01Q 8:000 Z4 reach
(0.1-500.0Q2 01 40.002)
BRRG 0.10 - 20.00Q2 0.019 5.10Q Reverse right blinder reach
(0.5-100.0Q 0.10 25.50Q))
TCHD 0-50ms 1'ms 12 ms Channel delay time
TREBK 0.00-10.00s 0.01s 0.10s Current reversal block time
TSBCT 0.00 - 1.00s 0.01s 0.10s
PROTECTION 3ZONEi#Z1EXI/PUR/POP/UOP/ POP Scheme selection
SCHEME BOP/POP+REF/UOP+DEF/
BOP+BEF/PUP+DEF
TERM 2TERM/3TERM 2TERM Terminal selection
Opent OQFF/ON OFF Remote terminal 1 out of service
Open2 QFF/ON OFF Remote terminal 2 out of service
ZONESEL 72/73 z2 Overreaching element selection
PSB “€R OFF/ON ON Power swing blocking

(*)pOhmiic values shown in the parentheses are in the case of 1 A rating. Other ohmic values are in the
cageé of 5 A rating.

The following elements have fixed setting values or their settings are interlinked with other
elements listed above. So no setting operation is required.

Element Setting Remarks
Z4BS Fixed to 1.5Q Z4 reverse offset reach

(Fixed to 7.5Q2)(*1)
Z4S 0(*2) Interlinked with Z3S 6 Characteristic angle of Z4 mho element
Z4BS 6(*3)  Interlinked with ZBS 6 Angle of Z4 directional element
BRRS 6 Fixed to 75° Angle of reverse right blinder BRRS
BRLS Interlinked with BRRS Reverse left blinder
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Element Setting Remarks

BRLS 6 Interlinked with BFLS @ Angle of reverse left blinder BRLS

Z4G 0(*2) Interlinked with Z3G 6 Characteristic angle of Z4 mho element
Z4BGO(*3) Interlinked withZBG©  Angle of Z4 directional element

BRRG 6 Fixed to 75° Angle of reverse right blinder BRRG
BRLG Interlinked with BRRG Reverse blinder
BRLG 6 Interlinked with BFLG ©  Angle of reverse left blinder BRLG

(*1)Ohmic values shown in the parentheses are in the case of 1 A rating. Other ohmic valuestare in the
case of 5 A rating.

(*2) Valid only when mho-based characteristic is selected by ZS-C.

(*3) Valid only when quadrilateral characteristic is selected by ZS-C.

The reverse looking elements Z4 (G,S), BRR (G,S) and BRL (G,S) ‘must/always operate for
reverse faults for which the forward overreaching element of the Temote end operates. The
following setting coordination is required.

When zone 2 is selected as the forward-looking element,
Z4 setting = 1.2 x (Zone 3 setting at remote end)
or
74 setting = a x (Zone 2 setting at remote end)

Note: a should be determined in consideratiomof the’extension of zone 2 by zero-sequence
compensation.

When zone 3 is selected,
74 setting = 1.2 x (Zone 3 setting at iemoteyend)

In both cases,
BRR setting = 1.2 x (BFR settingfat remote end)

The delayed pick-up timer TCHD,is set as follows taking into account the transmission delay time
of the blocking signal and a safety margin of 5 ms.

TCHD setting = maxigium gignal transmission delay time(*) + Sms

(*) includes delaytimeefbinary output and binary input for the blocking signal when the external
communication iSwsed.

2.4.3.5Protectionfor Weak Infeed Terminal

The POP and _U@Rgare provided with an echo function and weak infeed trip function. Both
functions are used for lines with weak infeed terminals.

Figufe 2.403.5"shows the scheme logic for the echo function.

With the POP, when a trip permission signal is received (R1-CR=1, R2-CR=1) if neither forward
overreaching zone 2 or zone 3 nor reverse looking Z4 have operated, the echo function sends back
the received signal to the remote terminal. With the UOP, when reception of a blocking signal is
stopped (R1-CR=0, R2-CR=0) if neither forward overreaching zone 2 (or zone 3) nor reverse
looKing Z4 have operated, the echo function stops sending the blocking signal to the remote
terminal. When the circuit breaker is open (CB-OR = 1), too, the echo function sends back the trip
permission signal or stops sending the blocking signal. Timer TECCB is used to set the time from
CB opened to the echo logic enabled.

The terminal on which the forward overreaching element has operated can be tripped at high speed
by this echoed signal.

Once the forward overreaching element or reverse looking element have operated, transmission of

— 54
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the echo signal is inhibited for 250 ms by delayed drop-off timer T1 even after they have reset.

In order to prevent any spurious echo signal from looping round between the terminals in a healthy
state, the echo signal is restricted to last for 200 ms by delayed pickup timer T2.

The echo function can be disabled by the scheme switch [ECHO] and the PLG*Signal

ECHO_BLOCK.
The setting element necessary for the echo function and its setting range is as follows:
Element Range Step Default Remarks
TECCB 0.00-200.00s 0.01s 0.10s Echo enable timef
ECHO OFF/ON ON Echo function
R R CIIY o VR ECIIE e -
R1-CR . T2 ;
t 0 768:C/R_DISECHO-AI
= 769:C/R_DISECHO-B!
200ms 770:C/R_DISECHO-C! ECH

¢ 619:C/R_DISECHO

! 0.00 - 200.00s
i [ECHO]
1

) o oo e

[1840]ECHO BLOCK |

Eigure 2.4.3.5 Echo Logic

Figure 2.4.3.6 shows the schemeéllogic of the weak infeed trip function. Weak infeed tripping is
executed on condition thatia trifj permission signal has been received (R1-CR=1, R2-CR=0) for
the POP, and reception 6f.ateipblock signal has stopped (R1-CR=0, R2-CR=0) for the UOP, the
undervoltage elementUVLYWUVLS or UVLG) operates and neither forward overreaching zone 2
or zone 3 nor revetse looking Z4 operates.

WIT 775:WI_TRIP-A
776:WI_TRIP-B

777:WI_TRIP-C
213:WI_TRIP

>1 |_|
nzom
250ms &

7 [ZONESEL]
2]

CB-OR
UVL WKIT]

[1s21]wkiT BLOCK || E}:

Figure 2.4.3.6 Weak Infeed Trip Logic
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The undervoltage element responds to three phase-to-phase voltages and three phase-to-ground
voltages. The undervoltage element prevents false weak infeed tripping due to spurious operatiofi
of the channel.

Single-phase tripping or three-phase tripping is also applicable to weak infeed tripping according
to the reclosing mode of the autoreclose function.

The weak infeed trip function can be disabled by the scheme switch [WKIT] and the PLC signal
WKIT_BLOCK.

2.4.3.6Measure for Current Reversal

In response to faults on parallel lines, sequential opening of the circuit breaker may cause a fault
current reversal on healthy lines. This phenomenon may cause false opération of the POP, UOP
and BOP schemes in the worst case. To prevent this, the POP, UOP and BOP are provided with
current reversal logic.

With the parallel line arrangement as shown in Figure 2.4.3.7 (a); suppose that a fault occurs at
time t1 at point F of line L1, Al trips at time t2 first and then Bl trip$at time t3. The direction of
the current that flows in healthy line L2 can be reversed at time t2%That is, the current flows from
terminal B to terminal A as indicated by a solid line,in the peniod from time t1 to t2, and from
terminal A to terminal B as indicated by a broken line m'the pesiod from time t2 to t3. This current
reversal phenomenon may occur with the presence of anjexternal looped circuit if not for parallel
lines.

Figure 2.4.3.7 (b) shows a sequence diagram ofiZ3yand Z4 and the current reversal logic CRL on
healthy line L2 before and after the occurrencéof a current reversal. When the current is reversed,
Z3 operation and Z4 reset are seen at termig@lJA, while reset of Z3 and operation of Z4 are seen at
terminal B. If at this time, Z3 of A2 operates| before Z3 of B2 is reset, this may cause false
operation of the POP, UOP and BOP on/line' 2.

A1 F L1 B1
A : fz, B
< ...........
: 62 L2 B2 :
<— <—
(a) Direction of fault current
< : Before A1 opened
< . After A1 opened
t1 t2 t3
A2 Z4 |
@ CRL |
TREBK setting
(~ z3 ] |
B2 Z4
_ CRL e%l—

TREBK settin
(b) Sequence diagram 9

Figure 2.4.3.7 Current Reversal Phenomenon
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Figure 2.4.3.8 shows the current reversal logic. The current reversal logic is picked up on
condition that reverse looking Z4 has operated and forward overreaching zone 2 or zone 3 havé
not operated, and the output CRL immediately controls the send signal to a trip block signal and"at
the same time blocks local tripping. If the condition above continues longer than 20ms, the output
CRL will last for the TREBK setting even after the condition above ceases to exist.

- TREBK
t 0 0t 737:REV_BLK-A
— 2 738:REV_BLK-B
\—C 20 0.01-10.00 7391REV_BLK-C
[ZONESEL] ms 0 D98 121 20REV BLK-S
7 & J24REVBLK _ o
[z4]

Figure 2.4.3.8 Current Reversal Logic

The operation of the current reversal logic and its effect in theg@uent®f a fault shown in Figure
2.4.3.7 (a) are as follows. As shown in Figure 2.4.3.7 (b), the crrent réversal logic of terminal A2
operates (CRL = 1) immediately after the fault occurs. ThiSyeperation lasts for TREBK setting
even after the current is reversed and Z3 operates, continuo@isly*blocking the local tripping and
transmitting a trip block signal to the terminal B2.

Even if overlap arises due to current reversal on‘th&%eperation of Z3 at terminal A2 and terminal
B2, it will disappear while the current reversalflogiclis, operating, thus avoiding false tripping of
the healthy line of parallel lines. When a current réyersal occurs in the direction opposite to the
above, the current reversal logic at terminal B2%ill respond similarly.

Current reversal logic is not picked upf{for internal faults, thus not obstructing high-speed
operation of any protection scheme,

2.4.3.7TPhase Selection Logic

Every command protection has phasc“selection logic for single-phase tripping. Figure 2.4.3.9
gives details of the phase selectign logic displayed in blocks in Figures 2.4.3.1 to 2.4.3.4.

Tripping command signal \TRIP of each command protection can be classified by the phase
selection logic as a single-phase tripping command or a three-phase tripping command. If the
distance measuring elément for earth fault Z3G (or Z2G depending on the setting of the scheme
switch [ZONESEL})is operating when a TRIP is input, a single-phase tripping command S-TRIP
is output to thegphase i’ which the phase selection element UVC is operating. If the UVC is
operating with two orfmore phases, a three-phase tripping command M-TRIP is output.

The undervoltage) detection element UVLS, not shown in Figure 2.4.3.9, is used for the phase
selectiomilogicyas phase fault detector. The UVLS is also used for fault location.

If ghe distance’measuring element for phase fault Z3S (or Z2S) is operating when a TRIP is input,
a thtee-phase tripping command M-TRIP is output.
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266 —
UVC-A |4 2 A
uvc-B %7 ]
& B|S-TRIP
o Lges R
uvc-c |4 2 c
736-A | 828
29 —
z36-8 [$221
&
736-c 439
TRIP
Z3S-AB |43 |
44 &
73S-BC |-& 1 M
735-CA %2

Figure 2.4.3.9 Phase Selection Logic forfCommand Protection

2.4.3.8Backup Carrier Scheme

If a communication failure occurs on a chammel “of integral digital communication in a
three-terminal application, GRZ100 can maintait' the command protection by passing
communication data via the healthy channelsalf a%¢ommunication channel fails as shown in Figure
2.4.3.10, relay A receives the communi€ationidata of relay B via backup carrier route. The
coordination time TCHD of the reldy A\is exténded for TCHDE setting time for channel delay
time coordination in BOP schemégTherefore, the total coordination time results in (TCHD set
time) + (TCHDE set time). (For‘@@mmunication system, see Section 2.5.)

SN

Relay™A <

Back—up carrier route

Back-up carrier
signal is used.

Figure 2.4.3.10 Backup Carrier Scheme

Relay operation under a communication failure in the backup carrier protection is shown in

Appendix Q.

If the failure is a severe CF (communication failure) that cannot receive remote terminal signals at
all, however, GRZ100 cannot operate correctly. Table 2.4.3.1.shows the severe CF mode.

GRZ100 provides the scheme switch [SCFCNT] to block a carrier trip (command trip) or not
when a severe CF occurs. Set “BLK” to block a carrier trip. Set to “Trip” to allow a carrier trip.
The default setting is “BLK”.
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The setting element necessary for the backup carrier scheme and its setting range is as follows:

Element Range Step Default Remarks
TCHDE 0-100 ms 1ms 20 ms Three terminal application
SCFCNT Trip / BLK BLK

Table 2.4.3.1 Severe CF Mode ¢

Terminal Application Severe CF Mode
Two-terminal and Single-communication Any CF occurs.
Relay A Relay B
'
_

Two-terminal and Dual-communication Relay A cannot receive any signals of Relay B.
Relay A Relay B Relay A B
—

_
4—
-
Three-terminal and Ring-topology Relay A cannot receive any si of Relay Band | Relay A cannot receive any signals of Relay C.
Relay A
4—

Relay A Relay B
«—

fog] | = > | [on]

Relay C

>

Relay C

Relay C 3 s

Any CF occurs.

Three-terminal and

Relay A Relay B

CH2
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244 High-Resistance Earth Fault Protection

For a high-resistance earth fault for which the impedance measuring elements cannot operate gthe
GRZ100 uses a directional earth fault element (DEF) to provide the following protections.

e Directional earth fault command protection
e Directional inverse or definite time earth fault protection

Figure 2.4.4.1 shows the scheme logic for the directional earth fault protection. The fougkinds of
protection above can be enabled or disabled by the scheme switches [SCHEME], [CRSCM],
[DEFFEN] and [DEFREN]. The DEF and EF protections issue an alagm individually for the
backup trip for earth fault. The DEF protection can be blocked by the binagy input signal (PLC
signal) DEF BLOCK.

CB-DISCR [SCHEME]
(from Figure 3.2.1.2.) &
Command S-TRIP
,_[CRsCM] @ Protection M-TRIP
"ON"
— e [DEFFEN] ToEES [DEFBTAL]
DEFF
|: M O ON' DEF_ALARM
NON VTF
[[1705]DEF_INST_TP | DEF_TRIP
677
ARSI T bred g1oa
e 9] "ON" A7 >1] DEFR_ =1 (B,\;J_TTSE)
0,00 - 10.00s TRIP
DEFR_INST_TP|
l1707] _INST_TP| OEFI EFI_TRIP|7
;l 2184

&

&

B o
q

: &

o s o

Eigure2'4.4.1 Directional Earth Fault Protection

The directional eafth¥fault’command protection provides the POP, UOP and BOP schemes using
forward looking DEEF and reverse looking DEFR elements. All schemes execute three-phase

tripping and autoteclose.
The command‘protection is disabled during a single-phase autoreclosing period (CB-DISCR=1).
Thefdirectiomal earth fault protection as backup protection is described in Section 2.4.4.2.

Theydirectional earth fault element DEF provides selective protection against a high-resistance
earth fault. The direction of earth fault is determined by the lagging angle (8) of the residual
current (310) with respect to the residual voltage (—3V()). The residual voltage and residual current
are derived from the vector summation of the three-phase voltages and three-phase currents inside
the relay.

The phase angle 0 in the event of an internal fault is equal to the angle of the zero-sequence
impedance of the system and in the directly-earthed system this value ranges approximately from
50° to 90°. 6 of the DEF can be set from 0° to 90°. The minimum voltage necessary to maintain
directionality can be set from 1.7t0 21.0 V.
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2.4.4.1Directional Earth Fault Command Protection

High-speed directional earth fault command protection is provided using the forward lookiag
directional earth fault element DEFF and reverse looking directional earth fault element DEFR.
The signaling channel of DEF command protection can be shared with or separated from distanee
protection by the scheme switch [CH-DEF].

The DEF command protections are applied in combination with the distance command protection
POP, UOP, BOP and PUP and enabled when the scheme switch [SCHEME] is set to "POP+DEF",
"UOP+DEF", "BOP+DEF" or "PUP+DEF". These protections are called as the DEF POP, DEF
UOP, DEF BOP and DEF PUP hereafter. The POP, UOP or BOP schemes ¢an_beyselected as a
common scheme. However, in the DEF PUP, distance protection takes the®RUP schieme but DEF
command protection takes the POP scheme and signaling channels of distance and DEF command
protections are always separated (CH1: distance, CH2: DEF, see Section 244:3:9.).

The DEF command protection can select fast tripping or delayed tripping by a timer setting.
Delayed tripping is used when it is desired to give priority to distanee protection.

The DEF command protection is blocked during a single-phasgautoreclose period by the distance
protection (CB-DISCR=1). The signal CB-DISCR is generated with the binary input signals (PLC
signals) of circuit breaker auxiliary contact (refer to Sectign 3:23b).

DEFF TDEFF
& & t 7 Ol $2'5 peppcr

NON VTF 0 :
CB-DISCR [[SCHEME]
I:DEFR ) é TDEFR
& ~ t 0L 3218 peprer
"POP+DEF" —Z
O 4 "UOP+DEF" 0 — 300ms
"BOP+DEF"
"PUP+DEF"

Figure 214.4.2 DEF Command Protection

DEF POP, DEF UOP and DEF PUP scheme logic
Figure 2.4.4.3 shows the seheme logic of the DEF POP and DEF UOP.

When the PUP+DEE scheme logic is selected, the DEF scheme logic is constructed same as the
DEF POP scheme"ogiin Figure 2.4.4.3.
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t 0] [0 't
TDEFR i B i B
,ﬁ'_t 0 JfZOms 0.01-10.00s| 21 [ ]
HAH o & |— 1 >1 ++——>[CS]]
(POP)

TDEFF :
& (]
DEFF ||t ,0 [— o
HA TSBCT -1 >[5

0 - 300ms 0 n _— (UOP)
— . ro.oo —1.00s
‘ S-TRIP
[l1842/PSCM TCHDEN]t v b
R1-CR-DEF
(POP) - & CS (Carrier send) signal
-CR- i Integral communication
R1 (Cl;JROB)EF Signal No.  Signal hame Description

804: C/R_SEND-DEFA  A-phase trip

R2-CR-DEF 805: C/RESEND-REFB B-phase trip
(POP) >1 806: C/R_SEND-DEFC C-phase trip
I External communication
R2-CR-DEF ... 11 P Signal NogmSighahiame

(UOP) 2257 EXJI_CAR-S for Distance and DEF
[TERM] command protection (CH1)

(+) e 338: “QEXT_DEFCAR-S for DEF command

"2TERM" protection (CH2)

R1-CR-DEF: Trip permission signal from the remote terminal 1 in 3-terminal application; or

Trip permission signal from remote terminal in 2-terminal applicatiofi.
In integral communication, it is a phase-segregated signal as follows:
Signal No.  Signal name Description
1732: DEFCAR-A-R1 A-phase trip from remote terminal 1
1733: DEFCAR-B-R1 B-phase trip from remote terminal 1
1734: DEFCAR-C-R1 C-phase trip from remote terminal 1
In external communication, it is the following signal:
Signal No.  Signal name Description
1568: EXT_CAR.R1-1  Trip carrier signal from remotet€rminal 1
1569: EXT_CAR.R1-2  Guard/And carrier signalfrom,remaote terminal 1

R2-CR-DEF: Trip permission signal from the remote terminal 2 in/3-terminal,application.

In integral communication, it is a phase-segregatedssignal‘as(follows:
Signal No.  Signal name Description
1764: DEFCAR-A-R2 A-phase tripffrom remote terminal 2
1765: DEFCAR-B-R2 B-phase trip from.emote terminal 2
1766: DEFCAR-C-R2 C-phase tripyfrom‘temote terminal 2
In external communication, it is the following signak
Signal No.  Signal name Descriptioh
1584: EXT_CAR.R2-1  Trip carfier signal from remote terminal 2
1585: EXT_CAR.R2-2  Guard/And'carrier signal from remote terminal 2

Figure2.4.4:3 DEF POP and DEF UOP Scheme Logic

The signal transmitte@is a trip permission signal for the POP and a trip block signal for the UOP.
In the event of an mternal¥fault, the POP transmits a signal, while the UOP stops transmission. In
Figure 2.4.4.3, @ signal’is transmitted when CS becomes 1, and when the signal is received
CR-DEF becomes 1.

When the DEEF @perates, CS becomes 1 for the POP and a signal (that is, a trip permission signal)
is trapsmittedwmEor the UOP, CS becomes 0 and transmission of the signal (that is, a trip block
signal) is stopped.

When a signal is received in the POP, or no signal is received in the UOP, tripping is executed on
condition” that the DEFF has operated. In order to assure tripping of the remote terminal,
transmission of a trip permission signal or stoppage of a trip block signal continues for the TSBCT
setting time even after the DEFF reset.

When the integral communication channel is used, the trip permission signals sent and received
contain three phase-segregated signals for earth faults and one signal for phase faults. When the
external communication channel is used, a single trip permission signal is common to all fault
types.

The DEFR is used for the current reversal logic in the same manner as reverse looking Z4 in the
distance protection (for the current reversal, refer to Section 2.4.3.6).

6F2S0834
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When operation of the DEFR and no-operation of the DEFF continue for 20 ms or more, even if
the DEFF operates or the DEFR is reset later, tripping of the local terminal or transmission of thé
trip permission signal is blocked for the TREBK setting time.

The POP or UOP can be set for instantaneous operation or delayed operation by setting onadelay
timer TDEFF and TDEFR.

The DEF command protection is provided with an echo function and weak infeed trip function.
Both functions are used for lined with weak infeed terminals.

The echo function allows fast tripping of the terminal on which the DEFF has operated when
applied to a line with an open terminal or a weak infeed earth fault current tetmisialy The scheme
logic is shown in Figure 2.4.4.4.

With the POP, when a trip permission signal is received (R1-CR-DEF #'1 )/tfineither the forward
looking DEFF nor the reverse looking DEFR operates, the echo function sends back the received
signal to the remote terminal. With the UOP, when reception of a blocking signal is stopped
(R1-CR-DEF = 0), if the DEFF and DEFR do not operate, the echo flmction stops transmission of
the blocking signal likewise. When the circuit breaker is open,(the €eho function also sends back
the trip permission signal or stops transmission of the blocking Signal.

Once the DEFF or the DEFR operates, transmission of theeghojSignal is inhibited for 250 ms by
delayed drop-off timer T1 even after they are reset.

In order to prevent any spurious echo signal fromJeeping round between terminals in a healthy
state, the echo signal is restricted to last 200 m$by delayed pick-up timer T2.

The echo function can be disabled by the schemie switch [ECHO] and the PLC signal
ECHO BLOCK.

When a signaling channel is shared bygthe'di§tance protection and DEF protection, it is necessary
to unite the scheme logic of both echo functiofs so that the echo function may not be picked up in
the event of an external fault. The%echo function at this time is blocked by Z2 (or Z3) and Z4
indicated by a dotted line in Figurey2.4'4:4.

R1-CR-DEF(POP) * )
R1-CR-DEF(UOP) ---! 1 -

T
DEFFCR 0t
— &

DEFRY
=1

___________________ 2 250ms ECHO1_DEF-R1  200ms
ﬁ..zz.. Ha & [ECHO] CS (Carrier send) signal

! +) —
22 *) ..OJN..

- Signal No. Signal name
N 225:  EXT_CAR-S for Distance and DEF
command protection (CH1)
338: EXT_DEFCAR—S for DEF command
protection (CH2)
R1-CR-DEF: Trip permission signal from the remote terminal.
Signal No.  Signal name Description
1568: EXT_CAR.R1-1 Trip carrier signal from

0.00 - 200.00s te terminal
1840|[ECHO BLOCK remote
Il—ol 1569: EXT_CAR.R1-2 Guard/And carrier signal

from remote terminal

Figure 2.4.4.4 Echo Function in DEF POP and DEF UOP Scheme Logic

Figure 2.4.4.5 shows the scheme logic of the weak infeed trip function. Weak infeed tripping is
executed on condition that a trip permission signal has been received (ECHO1 DEF-R1=1) for
the POP, the undervoltage element UVL (UVLS or UVLG) operates.

The undervoltage element responds to three phase-to-phase voltages and three phase-to-ground
voltages. The undervoltage element prevents false weak infeed tripping due to spurious operation
of the channel.
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Single-phase tripping or three-phase tripping is also applicable to weak infeed tripping according
to the reclosing mode of the autoreclose function.

The weak infeed trip function can be disabled by the scheme switch [ WKIT].

ECHO1_DEF-R1 778, 779, 780
& DEFWI_TRIP
UVL _| ,—

[WKIT] &

(+)

"ON"

[1841]WKIT_BLOCK | o

Figure 2.4.4.5 Weak Infeed Trip Logic

When the signaling channel of DEF POP or DEF UOP is separated from thatof distance command
protection, the signal S-DEF2 is used for CS and assigned to a user configurable binary output
relay (see Section 3.2.2.).

DEF BOP scheme logic
Figure 2.4.4.6 shows the scheme logic of the DEF BOP.

TREBK

TDEFR t 0 0 t .
—
DEFR t 29 onms 0.07 — 10,0081 & —=>[cs]
& .
TtDEFOF TSBCT
DEFF =24 —t TCHD 0 ,t
0 - 300ms La? 0.00 = 7.00s
& | : = M-TRIP
0 - 50ms

R1-CR-DEF . [
&

Figure 2.4.4.6 DEF BOP Scheme Logic

With the BOP, fthe signal transmitted is a trip block signal. When the reverse looking DEFR
operates, the logigleyel of the transmit signal CS becomes 1 and a trip block signal is transmitted.
When the trfip block signal is received, R1-CR-DEF and R2-CR-DEF become 1.

Whett thetforward looking DEFF operates, it executes tripping on condition that no trip blocking
sighal shiould'be received.

The delayéd pick-up timer TCHD is provided to allow for the transmission delay of the trip block
signal from the remote terminal. Therefore, the time is set depending on the channel delay time.

TCHD setting = maximum signal transmission delay time(*) + 5Sms

(*) includes delay time of binary output and binary input for the blocking signal when the external
communication is used.

The DEFR is also used for the current reversal logic (for current reversal, see Section 2.4.3.6).
When operation of the DEFR and non-operation of the DEFF last for 20 ms or more, even if the
DEFF operates or the DEFR is reset later, tripping of the local terminal is blocked for the TREBK
setting time and transmission of the trip block signal continues for the TSBCT setting time.

— 64 —
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When the signaling channel of DEF BOP is separated from that of distance command protection,
the signal S-DEFBOP?2 is used for CS and assigned to a user configurable binary output relay (se€
Section 3.2.2).

Setting
The following setting is required for the DEF command protection:
Element Range Step Default Remarks
DEFF Forward looking DEF
DEFFI 05-50A 0.1A 1.0A Residual current
(0.10-1.00 A 0.01A 02A)("
DEFFV 1.7-21.0V 01V 20V Residualyvoltage
TDEFF 0.00-0.30s 0.01s 0.15s Delayged tfipping
DEFR Reverselooking DEF
DEFRI 05-5.0A 0.1A 1.0A Residuahcurrent
(0.10-1.00 A 0.01A 0.20 A)

DEFRV 1.7-210V 01V 20V Residual voltage
TDEFR 0.00-0.30s 0.01s 0.14s Delayed tripping
DEF 6 0-90° 1° 85° Characteristic angle
PROTECTION 3ZONE/Z1EXT/PUP/POP/UOP/ BOP/ ROR Scheme selection

SCHEME POP+DEF/UOP+DEF/ BOP+DEF/PUP+BEF

CHSEL Single/Guard/And Single

CH-DEF CH1/CH2 CH1

BODEFSW  Active / Inactive Active BO for DEF: active or inactive

(*) Current values shown in the parenthes@8are i the case of 1 A rating. Other current values are in
the case of 5 A rating.

When the DEFF at the remote end Operates, the local DEFR must always operate for reverse faults.
The setting levels of the residual currentand residual voltage for the DEFR must be lower than that
for the DEFF.

The following setting elements are used in common with the distance protection or its setting is
interlinked with other eleménts listed above. So no setting operation is required here.

Element Range Step Default Remarks

TCHD 0-50 ms 1ms 12 ms Used in common with BOP
TREBK 0.00%5,10.00s 0.01s 0.10s

TSBCT 0700 - 1.00s 0.01s 0.10s

ECHO QFF/ON OFF Used in common with BOP

2.4.4.2Directional Earth Fault Protection

The scheme,logic is shown in Figure 2.4.4.1.

The direétional inverse or definite time earth fault protection as backup protection executes
three-phase final tripping. The forward looking DEFF or reverse looking DEFR can be selected.
The, directional inverse and definite time earth fault protections are available to trip
instantaneously by binary input DEF* INST-TRIP except for [DEF*EN]= “OFF” setting.

In order to give priority to the distance protection, the directional earth fault protection enables
inverse time or definite time delayed tripping by the scheme switch [DEF*EN].

Setting

The settings necessary for the directional earth fault protection are as follows:




TOSHIBA 6F2S0834

Element Range Step Default Remarks
DEFF Forward looking DEF
DEFFI 05-50A 0.1A 1.0A Residual current
(0.10-1.00 A 0.01A 0.20 A) (%) O
DEFFV 1.7-21.0V 01V 20V Residual voltage
TDEF 0.00-0.30s 0.01s 20s Definite time setting
DEFR Reverse looking DEF
DEFRI 05-50A 01A 1.0A Residual current S

(0.10-1.00 A 0.01A 0.2A) ("
DEFRV 1.7-210V 0.1V 20V Residual voltage %
TDER 0.00-0.30s 001s 20s Definite time setting \
DEF 6 0-90° 1° 85° Characteristic angle
DEFFEN OFF/ON OFF Forward DEF backup'tri ble

DEFREN OFF/ON OFF Reverse DEF backupirip enable
DEFI OFF/NOD/FIR OFF EFI directional control

DEFBTAL OFF/ON ON DEF backup tri rm
(*) Current values shown in the parentheses are in the case of, 1 ting. Other current values are in

the case of 5 A rating.

The DEF element is shared with the command protecti
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2.4.5 Overcurrent Backup Protection

Inverse time and definite time overcurrent protections are provided for phase faults and earth
faults respectively.

Scheme logic

The scheme logic of the overcurrent backup protection is shown in Figure 2.4.5.1. The phase
overcurrent protection issues single-phase tripping signals in the operation of OC and OCI, and
can issue a three-phase tripping signal BU-TRIP by PLC signals OC 3PTP and OCI 3PTP. The
default of the phase overcurrent backup protection is a three-phase tripping sifnced6th of the PLC
signals OC_3PTP and OCI _3PTP are assigned to “l(=logic level)” (Signal,Nog=1). The earth
fault protection issues a three-phase tripping signal BU-TRIP in the operation of EF or EFI

element.
TOC i
094 t 0 ] 9618O0C-ATRIP ATSPTRIP
OC-A o5 a 7 >1 y >1[ OC
oc-B —i_| —1— t 0 ] 0614'9C-B TRIP[ |
occ |88 & —Z 1 + 4[—OC-BTP
— | t o — 61%,0C-C TRIP] |
. 2 o1 L4 [—oc-cTP
_ — 0.00 - 10.00s _— 9326 ] oC TRIP
1609 |OC-B_FS —& 1> = -
1609 |OC-B_FS —
[OCBT] & iiz16 |OC_3PTP
T —ANT
ON &
1625] OC_BLOCK o |

||1 703]|OC_INST_TP H
S-TRIP

616 OCI-ATRIP
OCI-A 37 2 OCI-ATP
98
OCI-B —i—| —
oclc |-
o
*—

1612 |OCI-A_FS
T L1 OCI_TRIP

1613 |OCI-B_FS 1
|

OCI-BTRIP [ |
bl OCI-B TP

q
OCI-C TRIP
$518 oCI-C TP

||\/||\/||\/|
A a A

(=[] =]

OCI-B_FS
1614 = [717Toci 3PP

[OCIBT] —_|
\ >1 2194

+

— LI Bu-TRIP
[iszeToc BLock ] 1 (L TRIP)

TEF
t 0

0.00 —10.00s

380 2187

R NG
Fp—

"ON"
[EFBTAL] &

+—_
ON"
1627 ] EF_BLOCK o

1702|EF_INST @P
261 —
[DEFI] &

TN -

NOD”
628 | EFI_BLOCK o

EF_BU-TRIP

EF

L]

L]

3185 EF ALARM

S8 EF TRIP

EEI

Figure 2.4.5.1 Overcurrent Backup Protection
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The overcurrent backup protection can provide a fail-safe function by assigning the PLC signals
OC-*_FS and OCI-*_FS to an output of relay element, etc. The PLC signals OC-*_FS and
OCI-#*_FS are assigned to “1” (Signal No. =1) as default.

Tripping by each element can be disabled by the scheme switches [OCBT], [OCIBT], [EFBT Jand
[EFIBT], and also can be disabled by the binary input signals (PLC signals) OC_BLOCK,
OCI_BLOCK, EF_BLOCK and EFIBLOCK. The EF element issues an alarm for the backupstrip
for earth fault. The alarm can be disabled by the scheme switch [EFBTAL]. The OC and EF
protections can trip instantaneously by PLC signal OC_INST_TP and EF_INST_TP.

2.4.5.1Inverse Time Overcurrent Protection

In a system in which the fault current is mostly determined by the faultslocation, without being
greatly affected by changes in the power source impedance, it is advantageéus to use inverse
definite minimum time (IDMT) overcurrent protection. Reasonably fast tripping can be obtained
even at a terminal close to the power source by using inverse tim@gcharaeteristics. In the IDMT
overcurrent protection function, one of the following three IECsStanda¥d-compliant inverse time
characteristics and one long time inverse characteristic is available.

e standard inverse IEC 60255-3
e very inverse IEC 60255-3
e extremely inverse [EC 60255-3

The IDMT element has a reset feature with definitedtime™reset.

If the reset time is set to instantaneous, them’noWintentional delay is added. As soon as the
energizing current falls below the reset threshold, the element returns to its reset condition.

If the reset time is set to some value in secondsy then an intentional delay is added to the reset
period. If the energizing current excg€dsithe setting for a transient period without causing tripping,
then resetting is delayed for a user=definable period. When the energizing current falls below the
reset threshold, the integral statéy(the“point towards operation the it has travelled) of the timing
function (IDMT) is held for that period.

This does not apply following'a tfip joperation, in which case resetting is always instantaneous.

Setting

The following table showsthe setting elements necessary for the inverse time overcurrent backup
protection and theinéetting ranges.

Element Range Step Default Remarks
OCl 0:5 - 2510 A 0.1A 10.0A
(0.10-5.00 A 0.01A 2.00A) ("
TOCI 0405 - 1.00 0.01 0.50 OClI time setting
TOCIR 0.0-10.0s 0.1s 0.0s OCI definite time reset delay
[MOgCI Long/Std/Very/Ext Std OCl inverse characteristic selection
[OCIBT] ON/OFF ON OCl backup protection
EFI 05-5.0A 0.1A 50A Earth fault EFI setting
(0.10-1.00A 0.01A 1.00 A) ()
TEFI 0.05-1.00 0.01 0.50 EFI time setting
TEFIR 0.0-10.0s 0.1s 0.0s EFI definite time reset delay
[MEFI] Long/Std/Very/Ext Std EFl inverse characteristic selection
[DEFI] ON/NOD/F/R OFF EFI directional control

(*) Current values shown in the parentheses are in the case of 1 A rating. Other current values are in
the case of 5 A rating.

The scheme switches [MOCI] and [MEFI] are used to select one of the four inverse time
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characteristics. The DEFI is the scheme switch for directional control selection and if NOD is
selected, the inverse time overcurrent protection executes non-directional operation. If F or R i§
selected, it executes forward operation or reverse operation in combination with the DEFE#6r
DEFR. If OFF is selected, the inverse time overcurrent protection is blocked.

Current setting

In Figure 2.4.5.2, the current setting at terminal A is set lower than the minimum fault current in
the event of a fault at remote end F1. Furthermore, when considering also backup protection of a
fault on an adjacent line, it is set lower than the minimum fault current in the eyent of a fault at
remote end F3. For grading of the current settings, the terminal furthest from thegp@wer source is
set to the lowest value and the terminals closer to the power source are set tya highier value.

The minimum setting is restricted so as not to operate on false zero-sequeficg éurrents caused by an
unbalance in the load current, errors in the current transformer circuits ot zero-sequence mutual
coupling of parallel lines.

© IA éIBé élc

F1 F2 F3

Figure 2.4.5.2 Current Settings in Radial System

Time setting

Time setting is performed to provide selectiyity,in felation to the relays on adjacent lines. Consider
a minimum source impedance when_the ‘current”flowing in the relay becomes a maximum. In
Figure 2.4.5.2, in the event of a faulf'at the neat end, F2 of the adjacent line, the operating time is
set so that terminal A may operatc'by time grading Tc behind terminal B. The current flowing in
the relays may sometimes be greater, when the remote end of the adjacent line is open. At this time,
time coordination must also be kept.

The reason why the operating timie i§ set when the fault current reaches a maximum is that if time
coordination is obtained fof a lagge fault current, then time coordination can also be obtained for
small fault current as“lgnghas relays with the same operating characteristic are used for each
terminal.

The grading margimyI'c ofyterminal A and terminal B is given by the following expression for a
fault at point F24n'Figure 2.4.5.2.

Tc =T, £ T>%:d
whered Ti: circuit breaker clearance time at B
T,: relay reset time at A
T, time margin

When single-phase autoreclose is used, the minimum time of the earth fault overcurrent protection
must be set longer than the time from fault occurrence to reclosing of the circuit breaker. This is to
prevent three-phase final tripping from being executed by the overcurrent protection during a
single-phase autoreclose cycle.

2.4.5.2Definite Time Overcurrent Backup Protection

In a system in which the fault current does not vary a great deal in relation to the position of the
fault, the advantages of the IDMT characteristics are not fully used. In this case, definite time
overcurrent protection is applied. The operating time can be set irrespective of the magnitude of




TOSHIBA 6F2S0834

the fault current.

The definite time overcurrent protection consists of instantaneous overcurrent elements and
delayed pick-up timers started by them.

Identical current values can be set for terminals, but graded settings are better than identical
settings in order to provide a margin for current sensitivity. The farther from the power squrce the
terminal is located, the higher sensitivity (i.e. the lower setting) is required.

The operating time of the overcurrent element at each terminal is constant irrespective of the
magnitude of the fault current and selective protection is implemented by graded settings of the
delayed pick-up timer. As a result, the circuit breaker of the terminal most remote ftom the power
source is tripped in the shortest time.

When setting the delayed pick-up timers, time grading margin Tc is obtaified imithe same way as
explained in Section 2.4.5.1.
Setting

The setting elements necessary for the definite time overcusrentybackup protection and their
setting ranges are shown below.

Element Range Step Default Remarks
oC 0.5-100.0A 0.1A 6.0A Phase overcurrent
(0.1-20.0A 0.1A 12A) (%)

TOC 0.00-10.00s 0.01s 3.00s OC delayed tripping

EF 05-50A 0.1A 10A Residual overcurrent
(0.10-1.00A 0.01A 0.20 AY(*)

TEF 0.00-10.00s 0.01s 300 s EF delayed tripping
[OCBT] OFF/ON ON OC backup protection
[EFBT] OFF/ON ON EF backup protection
[EFBTAL] OFF/ON ON EF backup trip alarm

(*) Current values shown in the'parentheses are in the case of 1 A rating. Other current values are in
the case of 5 A rating.
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2.4.6 Thermal Overload Protection

The temperature of electrical plant rises according to an I’t function and the thermal overload
protection in GRZ100 provides a good protection against damage caused by sustained
overloading. The protection simulates the changing thermal state in the plant using agthérmal
model.

The thermal state of the electrical system can be shown by equation (1).

0 = I (1—e%)x100% (1)
IflOL

where:

0 = thermal state of the system as a percentage of allowable thermal ¢apacity,

I = applied load current,

IaoL = allowable overload current of the system,

T = thermal time constant of the system.

The thermal state 0% represents the cold state and 100% repuesents the thermal limit, which is the
point at which no further temperature rise can be safely télerated and the system should be
disconnected. The thermal limit for any given systemis fixed by the thermal setting I5o.. The relay
gives a trip output when 6 = 100%.

The thermal overload protection measures thé largest of the three phase currents and operates
according to the characteristics defined _in “BEC60255-8. (Refer to Appendix O for the
implementation of the thermal model for IEC60255-8.)

Time to trip depends not only on theflevel of ew€rload, but also on the level of load current prior to
the overload - that is, on whether the oyerload was applied from ‘cold’ or from ‘hot’.

Independent thresholds for trip and%alarnvare available.

The characteristic of the thermal gvenload element is defined by equation (2) and equation (3) for
‘cold’ and ‘hot’. The cold cursvelisa special case of the hot curve where prior load current Ip is
zero, catering to the situation where a cold system is switched on to an immediate overload.

FEN
t=tIn|—%_—— 2)
_12 _IzAOL ]
C Ay 2
=1L —12 IZP 3)
_I —Lor |
where:

t = time to trip for constant overload current I (seconds)
I~ overload current (largest phase current) (amps)
IaoL = allowable overload current (amps)
Ip = previous load current (amps)
t = thermal time constant (seconds)
Ln = natural logarithm

Figure 2.4.6.1 illustrates the IEC60255-8 curves for a range of time constant settings. The
left-hand chart shows the ‘cold’ condition where an overload has been switched onto a previously
un-loaded system. The right-hand chart shows the ‘hot’ condition where an overload is switched
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onto a system that has previously been loaded to 90% of its capacity.

Thermal Curves (Cold Curve - no Thermal Curves (Hot Curve - 90%
prior load) prior load)
1000 1000
100 - \\ 1001
8 k 7 10
HNNN :
£ c |E
= \ [
[] i
& 1 00 g
[} 50 ]
Q. Q. 0.1
8 .
20 °©
0.1 - 10
0.01 A
0.01 1
1 10 0.00M—

Overload Current (Multiple of I,,)

Overload Current (Multiple of Ixo()

Figure;2.4.6{1 Thermal Curves

Scheme Logic
Figure 2.4.6.2 shows the schemeslogi€yof the thermal overload protection.

The thermal overload element"THM has independent thresholds for alarm and trip, and outputs
alarm signal THM_ALARM and trip signal THM_TRIP. The alarming threshold level is set as a
percentage of the tripping theeshold.

The alarming and tripping ‘¢an be disabled by the scheme switches [THMAL] and [THMT]
respectively or binary input signals THMA BLOCK and THM_BLOCK.

2560

A ] — §690
THM—usdsss i & THM_ALARM
L & — 3 THM_TRIP
ITHMAL] — —1% -
+
IlONIl
[THMT]
+ IlONIl

1615 THMA_BLOCK o

[[1631]THM_BLOCK |

Figure 2.4.6.2 Thermal Overload Protection Scheme Logic

Setting

The table below shows the setting elements necessary for the thermal overload protection and their
setting ranges.
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Element  Range Step Default Remarks
THM 2.0-10.0A 0.1A 5.0A Thermal overload setting.

(0.40-2.00 A)(*) (0.01A) (1.00 A) (THM = laov: allowable overload current)
THMIP 00-5.0A 0.1A 00A Previous load current

(0.00-1.00 A)(*) (0.01A) (0.00 A)
TTHM 0.5-300.0 min 0.1 min 10.0 min Thermal time constant

THMA 50-99 % 1% 80 % Thermal alarm setting. (Percentage of THMysetting.)
[THMT] Off/ On Off Thermal OL enable
[THMAL]  Off/On Off Thermal alarm enable

(*) Current values shown in the parenthesis are in the case of a 1 A ratinghOther current
values are in the case of a 5 A rating.

Note: THMIP sets a minimum level of previous load current to be usediby the thermal element,
and is typically used when testing the element. For the amajofity”of applications, THMIP
should be set to its default value of zero, in which case the¥previous load current, Ip, is
calculated internally by the thermal model, providing memory of conditions occurring
before an overload.

2.4.7 Switch-Onto-Fault Protection

In order to quickly remove a fault which may oceugwhen a faulted line or busbar is energized, the
switch-onto-fault (SOTF) protection function$ for @ certain period after the circuit breaker is
closed.

The SOTF protection is performedgby “a/non-directional overcurrent element and distance
measuring elements. The overcursént protection is effective in detecting close-up three-phase
faults on the line in particular whemthe voltage transformer is installed on the line side. This is
because the voltage input to the distanée, measuring elements is absent continuously before and
after the fault, and thus it is diffieult fog the distance measuring elements to detect the fault.

The distance measuring elements(Can operate for faults other than close-up three-phase faults. One
of the zone 1 to zone ND elements can be used for the SOTF protection.

Scheme logic

The scheme logic for the®SOTF protection is shown in Figure 2.4.7.1. The SOTF protection issues
a three-phase tripping%signal SOTF-TRIP for the operation of an overcurrent element OCH or
distance measuring eleéments Z1 to ZND for 500 ms after the circuit breaker is closed (CB-OR = 1)
and/or for 500ms after the undervoltage dead line detector resets. The method of controlling the
SOTF protectionby CB closing and/or by undervoltage dead line detection is selected by scheme
switch [SQTE=DL]. Elements UVFS and UVLG provide undervoltage dead line detection.

Tripping by,cach element can be disabled by the scheme switches [SOTF-OC] to [SOTF-ZND].
When a VA failure is detected (NON VTF = 0), tripping by the distance measuring elements is
blocked:
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72:UVLS-AB
73:UVLS-BC

[SOTE-DL] TSOTF

Q74:UVLS-CA [t 0
2
0-300s
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T
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56: OCH-B
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H
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ZND ON'
[[1623]sOTF_BLOCK |

Figure 2.4.7.1 SOTF Scheme Logic

Setting

The setting elements necessary for the SOTF pratection and their setting ranges are as follows:
Element Range Step Default Remarks
OCH 20-15.0A 0 A 6.0A Overcurrent setting

(04-3.0A 0.1 A 1.2A) (%)

TSOTF 0-300s 1s 5s SOTF check timer
SOTF-0C OFF/ON ON Overcurrent tripping
SOTF - 21 OFF/ON OFF Zone 1 tripping
SOTF - 22 OFF/ON OFF Zone 2 tripping
SOTF - 22 OFF/ON OFF Zone 3 tripping
SOTF - ZF OFF/ON OFF Zone F tripping
SOTF-ZR1  ORF/ON OFF Zone R1 tripping
SOTF-ZR2  OFF/GN OFF Zone R2 tripping
SOTF-ZND OFF/ON OFF Zone ND tripping
SOTF-DL CB/UV/BOTH CB SOTF control

(*) Cutrent values shown in the parentheses are in the case of 1 A rating. Other current values are in

the ‘casefof 5 A rating.

The O€H element and its setting are common with the stub protection.

— 74 —
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2.4.8 Stub Protection

In the case of a busbar with a one-and-a-half breaker arrangement, the VT is generally installedén
the line side. If the line is separated from the busbar, the distance protection does not cover tQ,the
"stub" area between the two CTs and line isolator. This is because the line VT cannot sipply*@
correct voltage for a fault in the "stub" area. For a fault in the stub area under such conditions, fast
overcurrent protection is applied.

Scheme logic

The scheme logic for the stub protection is shown in Figure 2.4.8.1. The stub protéétion performs
three-phase tripping on the condition that the line disconnector is open (DS™N/O ,EONT = 0) and
the overcurrent element has operated (OCH = 1). CB condition (STUB®EB)%an be added by
using programmable BI function (PLC function). Tripping can be disabled by'the scheme switch

[STUB].
182
[i54210s_Nio_ConT]| 1 )o 3% ~sTuB TRIP
(M-TRIP)
55: OCH-A
56: OCH-B 2
Scr g 57 OcHC [STUB]

uONn

lie40]STUB CB__||
|
|

[1622[STUB_BLOCK]

P

Figure 2.4.8.1 StubjPRrotection Scheme Logic

Setting
The setting elements necessary fogthestub protection and their setting ranges are as follows:
Element Range Step Default Remarks
OCH 2.0-10.0A 0.1TA 6.0A Overcurrent setting
(04-20A 0.1A 12A) (%)
STUB OFF/ON OFF Stub protection

(*) Current values shownvin the parentheses are in the case of 1 A rating. Other current values are in
the case ofi5,A rating.

The OCH elemegnt and its setting are common with the SOTF protection.
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249 Overvoltage and Undervoltage Protection

2.4.9.10vervoltage Protection

GRZ100 provides four independent overvoltage eclements with programmable
dropoff/pickup(DO/PU) ratio for phase-to-phase voltage input and phase voltage input. OVS1 and
OVS2 are used for phase-to-phase voltage input, and OVG1 and OVG2 for phase voltagésnput.
OVS1 and OVGI are programmable for inverse time (IDMT) or definite time (DT) operation.
OVS2 and OVG2 have definite time characteristic only.

The OVS1 and OVGI overvoltage protection elements have an IDMT charagtetistic defined by

equation (1):
1
— 6]
(%5)7 1]

t = operating time for constant voltage V (seconds),

t=TMS x

where:

V = energising voltage (V),
Vs = overvoltage setting (V),
TMS = time multiplier setting.

The IDMT characteristic is illustrated in Figurei2.49.1.

The OVS2 and OVG2 elements are used fogdefinite time overvoltage protection.

Definite time reset

The definite time resetting charactesistic is applied to the OVS1 and OVGI1 elements when the
inverse time delay is used.

If definite time resetting is s€leéted,”and the delay period is set to instantaneous, then no
intentional delay is added. As'sqon as the energising voltage falls below the reset threshold, the
element returns to its reset/Condition.

If the delay period is sgt'te, somic value in seconds, then an intentional delay is added to the reset
period. If the energising voltage exceeds the setting for a transient period without causing tripping,
then resetting is delayed for a user-definable period. When the energising voltage falls below the
reset threshold, e integral state (the point towards operation that it has travelled) of the timing
function (IDMT),is held for that period.

This does not apply following a trip operation, in which case resetting is always instantaneous.

Overvoltage elements OVS1, OVS2, OVGI and OVG2 have a programmable dropoftf/pickup
(DO/PY) ratio.
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Figure 2.4.941 /IDMT Characteristic

Scheme Logic

Figures 2.4.9.2 and 2.4.9.4 show the,scheme logic of the OVS1 and OVG1 overvoltage protection
with selective definite time or imWersetime characteristic. The definite time protection is selected
by setting [OV*1EN] to “DT*’jand trip signal OV*1_ TRIP is given through the delayed pick-up
timer TO*1. The inverse time protection is selected by setting [OV*1EN] to “IDMT”, and trip
signal OV=1_TRIP is‘given:

The OVS1 and OVGd proteetions can be disabled by the scheme switch [OV*1EN] or the PLC
signal OV*1_ BLOECK.

These protections aregavailable to trip instantaneously by the PLC signal OV*1 INST TP except
for [OV#*1EN]J="Q@FEE” setting.

Figures2.4.943 and 2.4.9.5 show the scheme logic of the OVS2 and OVG2 protection with definite
timg characteristic. The OV*2 gives the PLC signal OV*2 ALARM through delayed pick-up
tifner PO*24

The OVi#2 ALARM can be blocked by incorporated scheme switch [OV#2EN] and the PLC
signal OV*2 BLOCK.

These protections are also available to alarm instantaneously by the PLC signal OV*2 INST TP.
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Figure 2.4.9.5 OVG2 Overvoltage Protection
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Setting
The table shows the setting elements necessary for the overvoltage protection and their setting
ranges.
Element  Range Step Default Remarks
Oovs1 50-150.0V 0.1V 1200V OVS1 threshold setting.
TOSHI 0.05-100.00 0.01 10.00 OVS1 time multiplier setting. Required if [OVS1EN] = [DMT.
TOS1 0.00-300.00s 0.01s 0.10s OVS1 definite time setting. Required if [OVS1EN]& DT.
TOS1R 0.0-300.0s 01s 00s OVS1 definite time delayed reset.
OS1DP 10-98% 1% 95 % OVS1 DO/PU ratio setting.

0oVS2 50-150.0V 01V 1400V OVS2 threshold setting.

TOS2 0.00-300.00s 0.01s 1.00s OVS2 definite time setting.

0S2DP 10-98 % 1% 95 % OVS2 DO/PU ratio setting.

OVG1 50-150.0V 0.1v 700V OVG1 threshold setting:

TOG1I 0.05-100.00 0.01 10.00 OVG1 time multiplier, setting. Required if [OVG1EN]=IDMT.

TOG1 0.00-300.00s 0.01s 0.10s OVG1 definiteftimesetting. Required if [ZOV1EN]=DT.
TOGIR 0.0-300.0s 01s 00s OVG1 definite time delayed reset.
OG1DP 10-98 % 1% 95 % OVG1 DO/RU'ratio

0oVG2 50-150.0V 0.1v 80.0V OVG2threshold setting
TOG2 0.00-300.00s 0.01s 0.10s QVG2 definite time setting

0G2DP 10-98% 1% 95 % QVG2 DO/PU ratio
[OVS1EN] Off/DT/IDMT Off ©VS1 Enable
[OVS2EN] Off/On off OVS2 Enable
[OVG1EN] Off/DT/IDMT Off OVG1 Enable
[OVG2EN] Off/On Off OVG2 Enable

2.4.9.2Undervoltage Protection

GRZ100 provides four independent undervoltage elements for phase and earth fault protection.
UVS1 and UVS2 are usedwfor phase fault protection, and UVGI and UVG2 for earth fault
protection. UVS1 andiUV@G, are programmable for inverse time (IDMT) or definite time (DT)
operation. UVS2 and UVG?2 have definite time characteristic only.

The UVSI and WVG] undervoltage protection elements have an IDMT characteristic defined by
equation (2):

Wl 2
= TMS L - (%S)] 2)
where:
t = operating time for constant voltage V (seconds),
V = energising voltage (V),
Vs = undervoltage setting (V),
TMS = time multiplier setting.
The IDMT characteristic is illustrated in Figure 2.4.9.6.
The UVS2 and UVG2 elements are used for definite time undervoltage protection.
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Definite time reset

The definite time resetting characteristic is applied to the UVS1 and UVGI1 elements when the
inverse time delay is used.

If definite time resetting is selected, and the delay period is set to instantaneous, gh€én e
intentional delay is added. As soon as the energising voltage rises above the reset threshold, the
element returns to its reset condition.

If the delay period is set to some value in seconds, then an intentional delay is added tohe reset
period. If the energising voltage is below the undercurrent setting for a transient period without
causing tripping, then resetting is delayed for a user-definable period. Wheafthe energising
voltage rises above the reset threshold, the integral state (the point towardSyopesation that it has
travelled) of the timing function (IDMT) is held for that period.

This does not apply following a trip operation, in which case resetting is dlways instantaneous.

Undervoltage Inverse
Time Curves
1000.000

100.000

TMS = 10 —1
8 =i // /
TMs=5_—1
Ay /
T™MS=2 /
TI\I/IS/j’I //
1.000 =L

0 0.2 04 0.6 0.8 1
Applied Voltage (x Vs)

Operating Time (secs)

Figure 2.4.9.6 IDMT Characteristic

Scheme,Logi¢

Figlires 42.49,7 and 2.4.9.9 show the scheme logic of the UVS] and UVGI undervoltage
pfotection with selective definite time or inverse time characteristic. The definite time protection
is seleeted by setting [UV*1EN] to “DT”, and trip signal UV*1 TRIP is given through the
delayed pick-up timer TU*1. The inverse time protection is selected by setting [UV*1EN] to
“IDMT”, and trip signal UV=*1_TRIP is given.

The UVS1 and UVGI protections can be disabled by the scheme switch [UV*1EN] or the PLC
signal UV*1_BLOCK.

These protections are available to trip instantaneously by the PLC signal UV*1 INST TP except
for [UV*1EN]="“OFF” setting.

Figures 2.4.9.8 and 2.4.9.10 show the scheme logic of the UVS2 and UVG2 protection with
definite time characteristic. The UV#*2 gives the PLC signal UV*2 ALARM through delayed
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pick-up timer TU*2.

The UV*2 ALARM can be blocked by incorporated scheme switch [UV#2EN] and the P
signal UV+*2 BLOCK.

These protections are also available to alarm instantaneously by the PLC signal UV*2

In addition, there is user programmable voltage threshold UVSBLK and UVGBLK. If all three
phase voltages drop below this setting, then both UV*1 and UV*2 are prevented from operating.
This function can be blocked by the scheme switch [VBLKEN]. The [VBLKEN] shouldbe set to
“OFF” (not used) when the UV elements are used as fault detectors, and set t 2 (used) when

used for load shedding. \
Note: The UVSBLK and UVGBLK must be set lower than any other Um lues.

9454

966

1
AB ]
& & .
= —_|_| UVS1-AB_TRIP
|| 1
CAl—$4%6 | & T‘ L $%7 yvs1-BC_TRIP
& | B 38 yys1.cA_TRIP
[VBLKEN] NON
SLKEN] UVSBLK
"ON" [UVS1EN] s
[UVTST] /DT UVS1_TRIP
+ " ™ +-
OFF "IDMT" | —|
||1s1e UVS1_INST_TPII 2_1,
Figure 2.4.9 1 Undervoltage Protection
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@ Figure 2.4.9.8 UVS2 Undervoltage Protection

— TUG1 e
—_|i| _E’— t 40 ¥ 897 LvG1-A_TRIP
1
| & & t 0 ] 395 yvG1-B_TRIP
HL| >
1 976
& & t 40 ™ 78 Lvei-c_TRIP
>
NON 0.00 - 300.00s
UVGBLK
[UVGIEN] — 2973
UVTST DT |>1 UVG1_TRIP
s /1 &
OFF "IDMT" | 1
UVG1_INST_Ti 21 | &
||1azo _INST_TF|
1
&

Figure 2.4.9.9 UVG1 Undervoltage Protection
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Figure 2.4.9.10 UVG2 Undervoltage Protection

Setting
The table shows the setting elements necessary for the undervgltage pfotection and their setting
ranges.
Element Range Step Default Remarks
UVS1 5.0-150.0V 01V 60.0V UVS1 thresholdisétting
TUS1I 0.05-100.00 0.01 10.00 WUVSL timeymultiplier setting. Required if [UVS1EN] = IDMT.
TUS1 0.00-300.00s 0.01s 0.10s UVShdefinite time setting. Required if [UV1EN] = DT.
TUS1R 0.0-300.0s 0.1s 00s UVS4, definite time delayed reset.
uvs2 5.0-150.0V 01V 40.0V UV2 threshold setting.
TUS2 0.00-300.00s 0.01s 0.10s UV2 definite time setting.
VSBLK 50-200V 01V 10.0V Undervoltage block threshold setting.
uvG1 5.0-150.0V 01V 350V UVS1 threshold setting
TUG1I 0.05-100.00 0.01 410.00 UVSI time multiplier setting. Required if [UVS1EN] = IDMT.
TUG1 0.00-300.00s 0.01s 0.10 s UVS1 definite time setting. Required if [UV1EN] = DT.
TUG1IR 0.0-300.0s 0s 00s UVS1 definite time delayed reset.
uvG2 5.0-150.0 V/ 0.1V 250V UV2 threshold setting.
TUG2 0.00-300.00s "Q.01s 0.10s UV2 definite time setting.
VGBLK 5.0 -20:0V 01V 10.0V Undervoltage block threshold setting.
[UVS1EN] Off /| DFFIDMT: DT UVS1 Enable
[UVG1EN]  Off / DRLIDMT DT UVG1 Enable
[VBLKEN] Off /On Off UV block Enable
[UVS2EN] OffthOn Off UVS2 Enable
[UVG2EN]¢” Off7 On Off UVG2 Enable
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2.4.10 Broken Conductor Protection

Series faults or open circuit faults which do not accompany any earth faults or phase faultsgare
caused by broken conductors, breaker contact failure, operation of fuses, or false operation of
single-phase switchgear.

Figure 2.4.10.1 shows the sequence network connection diagram in the case of a singlesphase
series fault assuming that the positive, negative and zero sequence impedance of the left and right
side system of the fault location is in the ratio of k; to (1 —k;), k, to (1 —k») and kg to (15 ko).

Eon Single-phase series fault

E1B
| l
S ! X ! @
ks 1-ki SG———>
k1Z4 le e (1°k)Z,

E1A T TE'IB

Positive phase sequence
koZ> Ioe PYS (1-k2)Z>

Negative phase sequence
kOZO lor IOF (1'kn)zn
— )

N

Zero phase sequenee

EMT e

[ Z4 — ¢
— |
Eia T § TE1B

Figure 2.4.10.1 Equivalent Circuit for a Single-phase Series Fault
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Positive phase sequence current I, negative phase sequence current I,r and zero phase sequence
current I at fault location in a single-phase series fault are given by:
Lip + L + Ior =0 (1)

Zorlop — Zoplor = 0 (2)

Eia —Eig = Ziglir — Zorlir - (3)

where,

Eia, Eig: power source voltage

Z,1: positive sequence impedance

Z,: negative sequence impedance

Zy: zero sequence impedance
From the equations (1), (2) and (3), the following equations are deriveds

L+
W=7 7+ 2,20 + 7,2, B1a ~Em)

_ ~Zo
br =72, + 2,20 + 202, F1a ~ E1®)

Vo =7 7o+ 2,20 + 752, B1a ~ Em)

The magnitude of the fault current depends onthe overall system impedance, difference in phase
angle and magnitude between the powesoutce'voltages behind both ends.

Broken conductor protection element BCD detects series faults by measuring the ratio of negative
to positive phase sequence currents,(I,#%l,r). This ratio is given with negative and zero sequence
impedance of the system:

Le [l Zy
Lie |Liel Zo+Z

The ratio is higher than 0.5%n a system when the zero sequence impedance is larger than the

negative sequencesimpedance. It will approach 1.0 in a high-impedance earthed or a one-end
earthed system.

The characteristiéfBCD element is shown in Figure 2.4.10.2 to obtain the stable operation.

[I2)/]l1] = BCD
setting & BCD
[l1] > 0.04xIn f
[I2] = 0.01xIn
// !
0/ 1 14

0.04xIn In: rated current

I2

0.01xIn --)

Figure 2.4.10.2 BCD Element Characteristic
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Scheme Logic

Figure 2.4.10.3 shows the scheme logic of the broken conductor protection. BCD element outputs
trip signals BCD TRIP through a delayed pick-up timer TBCD.

The tripping can be disabled by the scheme switch [BCDEN] or the PLC signal BCD BLO€CK:
TBCD

I:BCD 2766

t

[BCDEN]

llONll

||1 848|BCD_BLOCK ||— 1

0 2767

7 BCD_TRIP

0.00 - 300.00s

Figure 2.4.10.3 Broken Conductor Protection Scheme Logic

Settings

The table below shows the setting elements necessary fof theWbroken conductor protection and

their setting ranges.

Element Range Step Default Remarks

BCD 0.10-1.00 0.01 0.20 |2 Tk

TBCD 0.00-300.00s  0.01s 1.00s BED definite time setting
[BCDEN] Off / On Off, BCD Enable

Minimum setting of the BC threshold is restricted by the negative phase sequence current
normally present on the system. The®atio I, / I; of the system is measured in the relay continuously
and displayed on the metering scréen ofithe relay front panel, along with the maximum value of
the last 15 minutes I;; max. It i§'fecommended to check the display at the commissioning stage.
The BCD setting should be 130 t6 150% of I, / I, displayed.

Note: It must be noted that I3/ I is displayed only when the positive phase sequence current
(or load cuftent im‘the secondary circuit is larger than 2 % of the rated secondary circuit

current.

TBCD should be sefato more than 1 cycle to prevent unwanted operation caused by a transient

operation such @ CBgclosing.
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2.4.11 Transfer Trip Function

The GRZ100 provides a transfer trip function which receives a trip signal from the remote
terminal and outputs a trip command. Two transfer trip commands are provided. The scheme logic
is shown in Figure 2.4.11.1. When the scheme switch [TTSW=] is set to “TRIP”, the binagy output
for tripping is driven. When set to “BO”, the binary output for tripping is not driven and only
user-configurable binary output is driven.

Transfer Trip

Command 1

e I 833: TR1-A_TRIP
[744] TRIARL || | :
From >1 &
Remote — 1 9834 TR1-B_TRIP
Terminal 1 TR1-B-R1 >1 &
- - 835: TR1-C_TRIP
TR1-C-R1 1 3 =
N~ -
~
1776 TR1-A-R2
From
Remote 1777] TR1-B-R2 TR 3PTP ]
Terminal 2 724| TR1_3PTP
— 2837
1778 TR1-C-R2 Py
~ *>—
— 2838
&
— 9839
N b
(TTSWAI“TRIP| | §— =), ] g836
+ - "Bo" -
644[TR1_BLOCK
Transfer Trip Command 2
e W 841: TR2-A_TRIP
h7a8] TR2ART || | b -
From >1 &
Remote — = 842: TR2-B_TRIP
Terminal 1 TR2-B-R1 >1 & 2
1 843: TR2-C_TRIP
TR2-C-R1 " bt =
- &
-
f (SR
1780 | TR2-A-R2
From
Remote [i781] TR2-B-R2 TR 3PTP ]
Terminal 2 725| TR2_3PTP
— 2845
1782] TR2-C-R2 &
N\ -
— 2846
&
e 0847
&
[TTSW2] "TRIP ] —m 0848
¥ - IIBOII -

TR2 BLOCK

Figure 2.4.11.1 Transfer Trip Scheme Logic

_D—Tm-A TP

A -

ﬂ—TR1-B P
>1 -

TR1-C_TP

TR1_TRIP

INTER_TRIP1-A
INTER_TRIP1-B

INTER_TRIP1-C

INTER_TRIP1

_D—TRZ-A TP
>1 -

TR2-B_TP
TR2-C_TP

TR2_TRIP

INTER_TRIP2-A

INTER_TRIP2-B

INTER_TRIP2-C

INTER_TRIP2

The sendingysignal is configured by PLC function. If the sending signal is assigned on a per phase
basisthy PLC, a single-phase tripping is available.

Figure 2.4.11.2 shows an example of the assigning signal.

The'transfer trip function is available for using integral digital communication.
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2.4.12 Breaker Failure Protection

When fault clearance fails due to a breaker failure, the breaker failure protection (BFP) clearsythe
fault by backtripping adjacent circuit breakers.

If the current continues to flow even after a trip command is output, the BFP judges it as a breaker
failure. The existence of the current is detected by an overcurrent element provided for eachiphase.
For high-speed operation of the BFP, a high-speed reset overcurrent element is used.

In order to prevent the BFP from starting by accident during maintenance work and testing, and
thus tripping adjacent breakers, the BFP has the optional function of retripping the original
breaker. To make sure that the breaker has actually failed, a trip commandhis mdde to the original
breaker again before tripping the adjacent breakers to prevent unnecessary_tripping of the adjacent
breakers following the erroneous start-up of the BFP. It is possible to chbose®not to use retripping
at all, or use retripping with trip command plus delayed pick-up timer, or/retripping with trip
command plus overcurrent detection plus delayed pick-up timer.

Tripping by the BFP is three-phase final tripping and autoreclogé¥is, blé€ked.

An overcurrent element and delayed pick-up timer are provided fer each phase which also operate
correctly during the breaker failure routine in the event of@an gvelving fault.

Scheme logic

The BFP is performed on an individual phase basis, Figute 2.4.12.1 shows the scheme logic for
one phase. The BFP is started by an initiation sighal EXT CBFIN from the external line
protection or an internal initiation signal- CBEYINIT. The external initiation signals
EXT CBFIN-A, -B, -C are assigned by binaryginput signals (PLC signals). Starting with an
external initiation signal can be disabled(by; the, scheme switch [BFEXT]. These signals must
continuously exist as long as the faulfiSypresent.

TBF1 [BF1]
t
2
693:CBF_TRIP-A
81:0CBF-A ] 694.CBF_TRIP-B
2:0CBF-B : R
2 5.00BE-0 & L P4 JOUGCEE TRIPC_qq) cpr RETRIP
OCBF L[| 50-500ms ToC (Trip original breaker)
CBF INIT-A, -B, -C 196:CBF_RETRIP-A
—‘— ] TBF2 ? 197:CBF_RETRIP-B
—] t 0 0 t 198:CBF_RETRIP-C .
1560 [EXT_CBFIN-A_ || [BFEXW] |=t ] & P - 200:CBF_TRIP
1561 |EXT_CBFIN-B NG L1 50-500ms 200ms (Trip adjacent breakers)
1562 | EXT_CBFIN-C [BF2]
+ ———
"ON

Figure 2.4.12.1 BFP Scheme Logic

TheWacktripping signal to the adjacent breakers CBF-TRIP is output if the overcurrent element
OCBF “operates continuously for the setting time of the delayed pick-up timer TBF2 after
initiation. Tripping of adjacent breakers can be blocked with the scheme switch [BF2].

There are two kinds of modes of the retrip signal to the original breaker RETRIP, the mode in
which RETRIP is controlled by the overcurrent element OCBF, and the direct trip mode in which
RETRIP is not controlled. The retrip mode together with the trip block can be selected with the
scheme switch [BF1].

Figure 2.4.12.2 shows a sequence diagram for the BFP when a retrip and backup trip are used. If
the circuit breaker trips normally, the OCBF is reset before timer TBF1 or TBF2 is picked up and
the BFP is reset.
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Adjacent
breakers Closed

If the OCBF continues to operate, a retrip command is given to the original breaker after the
setting time of TBF 1. Unless the breaker fails, the OCBF is reset by retrip. TBF2 does not time-out
and the BFP is reset. This sequence of events may happen if the BFP is initiated by mistake and
unnecessary tripping of the original breaker is unavoidable.

If the original breaker fails, retrip has no effect and the OCBF continues operating and the TBE?2
finally picks up. A trip command CBF-TRIP is given to the adjacent breakers and th¢®BFPis

completed.

Fault Start BFP

Trip

%' Open

TRP —+—

! |

i i Normal trip Retrip
Original i :
breaker )oseq | i Open | L Open

>t %Lf—--

| i Tcb N

; i § | G |
OCBF | i P -4

| : Toc | Toc

| L TBF1 |
TBF1 : :

| ]

o |
RETRIP 5 :

I

: |

: L TBF2
TBF2 : ; =]

o

| I
CBF ! i L
TRIP ; :

! |

Tcb: operating time,of the original breaker
Toc: reset time of the overcurrent element OCBF

Figure 2.4.12.2 Sequence Diagram
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Setting
The setting elements necessary for the breaker failure protection and their setting ranges are as
follows:

Element Range Step Default Remarks

OCBF 05-10.0A 0.1A 40A Overcurrent setting

(0.1-20A 0.1A 0.8A) (")

TBF1 50 - 500 ms 1ms 150 ms Retrip timer

TBF2 50 - 500 ms 1ms 200 ms Related breaker trip timer *

BFEXT OFF/ON OFF External start

BF1 OFF/T/TOC OFF Retrip mode

BF2 OFF/ON OFF Related breakertri

(*) Current values shown in the parentheses are in the case of 1 A rating”Q @ current values are in

the case of 5 A rating.

disappeared. Therefore, since it is allowed to respond to load ctitgent, it can be set to 10 to 200% of

The overcurrent element OCBF checks that the circuit breaker@ and that the current has

the rated current.

The settings of TBF1 and TBF2 are determined by th
(Tcb in Figure 2.4.12.2) and the reset time of the ove
The timer setting example when using retrip can

ni e of the original circuit breaker
t element (Toc in Figure 2.4.12.2).

Setting of TBF1 = Breaker opening ti OCBF reset time + Margin
= 40ms + 10ms + 2
= 70ms @
Setting of TBF2 = TBF1 +Outpu ay operating time + Breaker opening time +

OCBF4e

= 70m
- 14

me + Margin
+40ms + 10ms + 10ms

0
If retrip is not used, the setting o TBF2 can be the same as the setting of the TBF1.

L 4

Q
o
&

L 4
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2.4.13 Out-of-Step Protection

Application

For an out-of-step condition on a power system, power system separation is executed in ordegto
recover power system stability or prevent the failure from extending to the entire system. Power
system separation by the distance protection with several operating zones is not desirable begcatise
it is not always carried out at the optimal points. For optimal power system separation, the
GRZ100 has an out-of-step tripping (OST) function. The OST function uses independent
impedance measuring elements to discriminate against transient power swings and reliably detects
out-of-steps and operates only when the out-of-step locus crosses the protected lifie}

Scheme logic

The out-of-step element has three operating arecas A, B and C by,combining two impedance
measuring elements ZM and ZN as shown in Figure 2.4.13.1.

If an out-of-step occurs, the impedance viewed from the impedancetmieasuring element moves
through the areas A, B and C in the sequence of A - B — € or C%> B — A. The out-of-step
tripping logic shown in Figure 2.4.13.2 outputs a three-phase,tripping command M-TRIP to the
circuit breaker when the impedance viewed from the impedance measuring element passes
through those areas in the sequence above and enters thethirdsatea and it stays in area A and area
C for the time set with the timers TOST1 and TQST2. The#tripping command continues for 100
ms. The output signal is blocked when the schemetswiteh){OST] is set to "OFF" or binary signal
OST_BLOCK is input. The tripping signal of the outtef-step protection can be separated from
other protection tripping signals by the switch OST]nn this case, the switch [OST] is set to "BO"
and the tripping signal OST-BO is assignedyto ‘aydesired binary output number (for details, see
Section 4.2.6.9). When the tripping signal f thelout-of-step protection is not separated from other
protection tripping signals, the switch TOST]\issset to "TRIP".

The tripping logic does not operatcfen/Cases other than out-of-steps, for example, a power swing
in which the impedance moves from,arcas A — B — A or C - B — C or a system fault in which
the impedance passes through aréa,A ‘or C instantaneously.

Out-of-step tripping can be disabled'with the scheme switch [OST].

X
1

OSTXF

ZN c B A ZM
750
R
/ / _OSTR2 / / OSTR1
L
_0STXB

Figure 2.4.13.1 Out-of-Step Element




TOSHIBA 6F2S0834

oST
osT-zMH-8& o TOST1
o :‘ t 0
J ] 0 t —EOS
- & 94 OST. TRIP
0.01-10s &
& 1 100ms — (M-TRIR)
N 1337 0sTBO
& -
"TRIP"
ST e
985
OST-ZN & o TOST2
mo— j M0
o 0.01-10s
&
>1

|h630]OST BLOCK f 1 |c

Figure 2.4.13.2 Out-of-Step Tripping Logic

Setting
The setting elements for the out-of-Step protection and their setting ranges are as follows:
Element Range Step Default Remarks
OSTXF 1.0 - 50.0Q 0O 6.00 Forward reactive reach
(5-250Q 10 30Q2) (*)
OSTXB 0.2-10,0Q 0.1 1.0Q Reverse offset reach
(1-50Q 10 50))
OSTR1 3.0.- 30:0Q 0.1Q 5.1Q Resistive reach (right)
(15-950Q 10 250))
OSTR2 1.0 - 10.0Q 0.1 2.5Q Resistive reach (left)
(5,500 10 12Q))
TOST1 001-1.00s 0.01s 0.04s Out - of - step timer
TOST2 0:01-1.00s 0.01s 0.04s Out - of - step timer
QST OFF/TRIP/BO OFF Out - of - step protection

(*) Ohmic values shown in the parentheses are in the case of 1 A rating. Other ohmic values are in the
Case of 5 A rating.




TOSHIBA 6F2S0834

2.4.14 Voltage Transformer Failure Supervision

When a fault occurs in the secondary circuit of the voltage transformer (VT), the voltage
dependent measuring elements may operate incorrectly. GRZ100 incorporates a VT failure
supervision function (VTFS) as a measure against such incorrect operation. When the" VTFS
detects a VT failure, it blocks the following voltage dependent protections instantaneously. In/10
seconds, it displays the VT failure and outputs an alarm.

e Zone 1-3, F, R1, R2 and ND distance protection
e Zone 1 extension protection

e Directional earth fault protection

e Command protection

Resetting of the blocks above and resetting of the display and alarm are,attématically performed
when it is confirmed that all three phases are healthy.

A binary input signal to indicate a miniature circuit breaker trip{in the,VT circuits is also available
for the VTFS.

Scheme logic

Figure 2.4.14.1 shows the scheme logic for the VIFS. VI failures are detected under any one of
the following conditions and then a trip block signal, VFEis output.

VTF1: The phase-to-phase undervoltageselement UVFS or phase-to-earth undervoltage
element UVFG operates (UVFS% 1 or UVFG =1) when the three phases of the
circuit breaker are closed (CB-AND¥= 1) and the phase current change detection
element OCD does not gperate f{OCD = 0).

VTF2: The residual overcuitent glement EFL does not operate (EFL = 0), the residual
overvoltage element OVG operates (OVG = 1) and the phase current change
detection element OCBydoes not operate (OCD = 0).

In order to prevent detection of false \WT failures due to unequal pole closing of the circuit breaker,
the VTFS is blocked for 200"ms afi€r line energisation.

The trip block signal V'IE 1sieeset 100 milliseconds after the VT failure condition has reset. When
the VTF continues for{l0s‘ox, more, an alarm signal VTF-ALARM is output.

Further, the VT failure™is detected when the binary input signal (PLC signal) EXT VTF is
received.

This function.cantbenabled or disabled by the scheme switch [VTF1EN] or [VTF2EN] and has a
programmablefreget characteristic. When set to “ON”, the latched operation for VTF1 is reset by
reset of WVESAIVFG element, and that for VTF2 is reset by reset of OVG element. Set to
“OPT-ON"fo,reset the latched operation also when OCD or EFL operates.

The®WWTFSécan be disabled by the PLC signal VTF_BLOCK.
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CB-AND

t 0 174
UVFSI3142:UVFGOR — { VTF1_ALARM
2140:UVFSOR > 10s
UVFG ] & ’f
63:0CD-A 10 ! ’
64 OCD-B ﬂ VTF1
ocDlLe65:0CDC | 4 | 100ms

VTF ALARM
>1 -
[VTF1EN]

4+ —
"ON", “OPT-ON”

t 0 8 \Tr2 ALARM
] J_l_ B
o3 10s
62 48 0 t
OVGl4 & | — ]
—
2568 50 ﬂ VTF2
EFL |4 1 ms
[VTF2EN] ]
+—
"ON". “OPT-ON"

||1642 |VTF_BLOCK ||—%
|1 541 |EXT_VTF |||

[1643VTF_ONLY_ALME— 1 i«

Figure 2.4.14.1 VTFS Logic

Setting

The setting elements necessary for the VTFS and their setting ranges are as follows:
Element Range Step Default Remarks
UVFS 50-100V 1V 88V Phase - to - phase undervoltage
UVFG 10-60V QY 51V Phase - to - earth undervoltage
EFL 05-5.0A 0.1°A 1.0A Residual overcurrent

(0.10-1.00A 004 A 0.20A) ()

[VTF1EN] Off/On/OPT-On On VTF1 supervision
[VTF2EN] Off/On/OPT-On On VTF2 supervision
[VTF-Z4] Off / On On Z4 blocked by VTF

(*) Current values@hown in the parentheses are in the case of 1 A rating. Other current values are in
the case of 5 Atrating.

The following elementshave fixed setting values.

Element Setting Remarks

0CD Fixedto 0.5 A Current change detection
(Fixed t0 0.1 A)

oVG Fixed to 20 V Residual overvoltage

(®) Qurrent values shown in the parentheses are in the case of 1 A rating. Other current value is in the
case of 5 A rating.

Wheén setting the UVFS, UVFG and EFL, the maximum detection sensitivity of each element
should be set with a margin of 15 to 20% taking account of variations in the system voltage, the
asymmetry of the primary system and CT and VT error.

94 —
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2.4.15 Power Swing Blocking

When a power swing occurs on the power system, the impedance seen by the distance measupifiig
element moves away from the load impedance area into the operating zone of the distance
measuring element. The operation of the distance measuring element due to the powef Swing
occurs in many points of interconnected power systems. Therefore, tripping due to the operation
of the distance measuring element during a power swing is generally not allowed. The power
swing blocking function (PSB) of the GRZ100 detects the power swing and blocks tripping by the
distance measuring element. The GRZ100 provides PSBSZ and PSBGZ for phase fault me¢asuring
elements and earth fault measuring elements. Their functions and characteristi€s aze same.

Once the PSB is in operation, tripping of zone 1 to zone 3 of the time-steppedydistance protection,
zone 1 extension protection, additional forward zone ZF, backup protectiémfor teverse faults and
command protection using distance measuring elements can be blocked. These tripping blocks can
be disabled by setting the scheme switches.

Tripping of the non-directional zone ZND is not blocked. If a Zero#phase current has been
detected, the PSB is inhibited. This allows tripping in the event of‘an earth fault during a power
swing or high resistance earth fault by which the resistance at theyfault point changes gradually.

GRZ100 can provide a high-speed protection for onezandtwo-phase faults which occur during a
power swing by using negative sequence directional elementiand any of the command protection
PUP, POP, UOP and BOP.

Three-phase faults during a power swing areheliminated by distance and overcurrent backup
protection.

Scheme logic

A power swing is detected by using twe PSBfelements PSBIN and PSBOUT. They are composed
of blinder elements and reactancefelements®s shown in Figure 2.4.15.1. PSBOUT encloses
PSBIN with a settable width of PSBZ.

Figure 2.4.15.2 shows the power swing‘detection logic. During a power swing, the impedance
viewed from the PSB element$§ passes through the area between the PSBOUT and PSBIN in a
certain time. In the event Of a/system fault, the impedance passes through this area
instantaneously. Thereforej a power swing is detected in a time which commences on operation of
the PSBOUT until PSBEN Sstarts to operate, if longer than the set value of delayed pick-up timer
TPSB. If the residual gvercuntent element EFL operates, detection of the power swing is inhibited.

The trip block signalyPSBhgenerated as a result of the detection of a power swing is reset 500 ms
after the PSBOUT is reset by delayed timer T2.

Figure 2.4.15.1 Power Swing Blocking Element
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PSBSZ and PSBGZ have same functions and characteristics as shown in Figures 2.4.15.1 and
2.4.15.2, and block tripping of phase and earth fault elements respectively.

49:PSBSOUT-AB
50:PSBSOUT-BC

323:PSBSIN-AB
324:PSBSIN-BC

TPSB

!

iz PSBS_DET

PSBSIN |.3-325:PSBSIN-CA —
FIF
== - 0.02 - 0.06s
>1 .
[1605]PSB_BLOCK -
—J ‘—F
>1
I_ 0.5s
565:PSBGOUT-A
566:PSBGOUT-B
PSBGOUT3_267:PSNGOUT-C
561:PSBGIN-A .
562:PSBGIN-B
PSBGIN L3-263:PSBGIN-C ‘4_P ~
E/F
0.02 - 0.06s ,
T2

b

-

0.5s

PSB_DET
1

2703

[lie51]PSB_F.RESET ||

Figure 2.4.15.2 Power Swing Detection Logic

PSBG_DET

One- and two-phase faults can be protected with the command protection even during a power

swing.

The PSB can be disabled or reget bypthe PLC signal PSB BLOCK or PSB_F.RESET.

Figure 2.4.15.3 shows the s¢hémelogic to control the sending signal of PUP, POP, UOP or BOP in
the external communi¢ation., The scheme logic is valid when the scheme switch [PSB-TP] is set to
"ON". CS1 is an original Sending signal for the distance and DEF command protection and CS2 is
a controlled sending ‘Signal. 'When a power swing is continuing (PSB_DET=1) and an internal
fault is not detected (RSB-€S=0), the sending signal of PUP or POP is forced to be 0 (that is, a trip
permission signdl sending is blocked), and that of UOP or BOP is forced to be 1 (that is, a trip

block signal is contintiously sent).

C

$

225:EXT_CAR-S

PSB_DET-S 4~
+ N &
[PSB-TP]
cs1
S
(POP) (PUP).
>1
(UOP) BOP)— —— | ¢d
PSB-CS

Figure 2.4.15.3 Sending Signal Control in External Communication
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When an internal fault occurs during the power swing and all of the following conditions are
established, C/R SEND-PSB (PSB-CS) becomes 1 and the trip permission signal is sent for thé
PUP or POP, and the trip block signal sending is stopped for the UOP or BOP as shown in Figtre
24.15.4.

e Power swing is continuing (PSB_DET=1).

e Current change detection element operates (OCDP=1).

e Reverse looking negative sequence directional element does not operate (DOENR=0).
e Forward looking negative sequence directional element operates (DOCNE=1).

e Scheme switch PSB-TP is on.

e Command protection is in service.

When a trip permission signal is received for the PUP or POP (CR=1)y01#0 trip block signal is
received for the UOP or BOP (CR=0) as well as the conditions m&ationgd above are established
(PSB-CS=1), three-phase tripping signal is output (M-TRIP=1)

Reverse looking DOCNR is used for the current reversal logiéy(for current reversal logic, see
Section 2.4.3.6) in all the command protections.

[PSB-TP]
+ IION"
PSB DET
357:0CDP-A
358:0CDP-B —= PSB-CS o
OCDP L 359:0CDP-C (External communication)
0 t 0 t 812:C/R_SEND-PSBA
— [ 813:C/R_SEND-PSBB
DOCN-R | §361 20ms  100ms ©|&1 ¢814:C/R_SEND-PSBC
& & - C/R SEND-PSB
— (¢
DOCN-F | 3360

CR-DEF % M-TRIP

(POP) (PUP)

CR-DEF 10
(UOP) (BOP)

Figure 2.4.15.4 Scheme Logic to Protect Faults during Power Swing

Setting
The settinggelements necessary for the PSB and their setting ranges are as shown in the table
below:
Element “WRange Step Default Remarks
RSBSZ 0.50 - 15.00Q 0.01Q 2.000 PSBS detection zone
(2.5-75.0Q 0.1Q 10.09) (*)
PSBGZ 0.50 - 15.00Q 0.01Q 2.00Q PSBG detection zone
(2.5-75.0Q 0.1Q 10.0Q2) (*)
EFL 05-5.0A 0.1A 1.0A Residual overcurrent
(0.10-1.00A  0.01A 0.20 A)
TPSB 20-60 1ms 40 ms Power swing timer
OCDP 05-10.0A 0.1A 40A Current change
(01-2.0A 0.1A 0.8A) detection element
DOCNF 4.0 A fixed Forward looking negative
( 0.8A fixed) sequence directional element




TOSHIBA 6F2S0834

Element  Range Step Default Remarks
6 V fixed
DOCNR 4.0 A fixed Reverse looking negative
( 0.8A fixed) sequence directional element
6V fixed
PSB-Z1 OFF/ON ON Z1 blocked under power swing
PSB-Z1X  OFF/ON ON Z1X blocked under power swing
PSB-Z2 OFF/ON ON Z2 blocked under power swing
PSB-Z3 OFF/ON OFF Z3 blocked under power swing
PSB-CR OFF/ON ON Carrier trip blocked under powerswing
PSB-ZF OFF/ON OFF ZF blocked under power swing
PSB-ZR1  OFF/ON OFF ZR1 blocked under poweriswing
PSB-ZR2  OFF/ON OFF ZR2 blocked under powgr swing
PSB-TP OFF/ON ON Command protectiomfor faults under power swing
(*) Values shown in the parentheses are in the case of 1A rating. Other values are in the case of SA
rating.

Residual overcurrent element EFL is used in common withgthe following functions.
e VT failure detection
e FEarth fault distance protection

The PSBIN reach is set automatically to coordinate With the Z3 and Z4 settings.

Note: In the case of the quadrilateral charactefistic, ifithe ZF and ZR2 reach is larger than the Z3 and
Z4 respectively, the PEB-IN reach depends on the ZF and ZR2 reach. Therefore, the ZF and
ZR2 must be set less than the Z3 andZ4wespectively whether the ZF and ZR2 used or not.

The right side forward and reverse blinders f6FPSBIN are shared with the right side forward and
reverse blinders of the distanceWprotection characteristic, BFRS/BFRG and BRRS/BRRG
respectively, ensuring that the PSBielement coordinates properly with the protection, for both mho
and quadrilateral characteristicss

The positive reactive reach_setting is fixed so that the setting makes the reactance element
tangential to the Z3 distange element when the Z3 is mho-based or takes the same value as the Z3
reactive reach setting when'the Z3 is quadrilateral-based.

The negative resistive,reach?takes the same value as that of the positive reach. The negative
reactive reach setting,is fixed so that the setting makes the reactance element tangential to the Z4
distance elemengWhen the Z4 is mho-based or takes the same value as the Z4 reactive reach setting
when the Z4 is quadrilateral-based.

PSBOUT enclos¢s PSBIN and the margin between the two is determined by the user-settable
power swing-detection zone width, PSBSZ and PSBGZ, for phase and earth fault characteristics
respectiyely:
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2.4.16 Tripping Output Signals
The single-phase tripping signals drive the high-speed tripping output relays according togthe
tripping logic in Figure 2.4.16.1.

Two sets of output relays are provided for each phase and each relay has one normally open
contact.

The tripping output relays reset 60ms(*) after the S-TRIP or M-TRIP signal disappears by clearing
the fault. The tripping circuit must be opened with a circuit breaker auxiliary contact prior to the
trip relay resetting in order to prevent the tripping relay from directly interfupting the circuit
breaker tripping coil current.

(*) Reset time is adjustable by PLC function. Default setting is 60ms.
In the following cases, per-phase-based tripping is converted to three-phage tripping.
e When autoreclose is prohibited by a binary input signal (ARCPBLOCK = 1)
e When the autoreclose mode selection switch [ARC-M]i§set to "EXT3P"
e PLC command “3P TRIP” is established.

For the following trips, the logic level of M-TRIPA becomes 1,/and single-phase tripping is then
forced to convert to three-phase tripping. For details ofMsTRTPA, see Figure 2.7.2.1.

e Tripping while reclaim is in progress.

e Tripping when the reclose mode selection switch [ARC-M] is set to "Disabled" or
"TPARH

The signals TRIP-A, TRIP-B and TRIP-Cfare uised to start the autoreclose.

The signal TRIP is used to initiate the breakenfailure protection.

Tripping output
_ — relay
A 19623 §240 :Il_ A-phase
3 >1 r_trip
L 60ms TP-A1
by PLC
B-phase
S-TRIP| B [ 19624 2241 — B-p
HE (1-f o
60ms TP-B1
by PLC
C-phase
c [ 625 242 . C
L >1 '; Q1 { D]’_ trip
60ms TP-C1
by PLC N
—— =1 2243 — A-phase
- o
TP-A2
=1 B-phase |(*)
- 2244 - oP
[ARC,M] Dr_ trip
* >1 TP-B2
"EXT3P"
C-phase
245 L
i—D]’_ trip
TP-C2
M-TRIP TRIP-A
M-TRIPA TRIP-B
(See Figure 2.7.2.1) N
CBF_RETRIP-A — TRIP-C
CBF_RETRIP-B —— (*): Models 2+4, 2+5 and 2+6 are not
CBF_RETRIP-C provided with these contacts.

Figure 2.4.16.1 Tripping Logic

A tripping output relay is user configurable for the adjacent breakers tripping in the breaker failure
protection. For the default setting, see Appendix D.
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2.5 Communication System

251

Integral Digital Communication Interface

2.5.1.1Communication System Topologies

GRZ100 provides an integral digital communication channel for protection signaling:*Four
communication topologies are available depending on the model. Models 211/214/216/311B
support configuration (a) only in Figure 2.5.1.1. Models 221/224/226/321/323B can support all
configurations. Configuration (b) and (d) offer security against failure of a comfunication link.

CH1

RELAY A

CH1

RELAY B

(a) Two-ended system, single channel

TERM setting™= 2TERM

CH1 |« CH1
TERM setting = DUAL
CH2 CH2
RELAY A RELAY B

(b) Two-ended system, dual redundantichannels

CH1

TERM setting = 3TERM

oo N CH.USE setting = CH1USE (RELAY A)
= BOTH (RELAY B)
RELAVAA = CH2USE (RELAY C)

N

ote: The relay A using only CH1 must

be set to “Master”. The relay B and C
must be set to “Slave”.

CH2

€H2

»|CH1

RELAYGC

RELAY B

(©) Three-ended system, chain topology

TERM setting = 3TERM
RELAY A CH.USE setting = BOTH (ALL RELAYS)

CH1 CH2
CH2

3| CH1
RELAY C RELAY B

(d) Three-ended system, ring topology

Figure 2.5.1.1 Communication System Topologies

GRZ100 transmits the local data to the remote terminal by coded serial messages. One signaling
channel (including send and receive) per GRZ100 is required for two-terminal line protection, two
for three-terminal line protection and two for dual redundant communication for two-terminal line
as shown in Figure 2.5.1.1.

The variation of the channel delay time due to switching the route of the channel is automatically
corrected in the relay and does not influence the synchronized sampling provided the sending and
receiving channels take the same route. If the routes are separate, the transmission delay difference
time must be set with TCDT1 and TCDT2.

— 100 —
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In the dual redundant communication system, if the transmission delay time of CH1 is large
without reference to that of CH2, the carrier tripping time at the remote terminal is delay.

2.5.1.2Transmission Data

The following data are transmitted to the remote terminal via the 64kb/s digital link:

Positive sequence current

Positive sequence voltage

User programmable 14 commands (sent every 30 electrical degrees)

User programmable 4 commands (sent every power cycle)

Measured value (every one second)

Clock time (every one second)

Sampling synchronization control signal

Current and voltage data are instantaneous values which aressampled every 30 electrical degrees
(12 times per cycle) and consist of eleven data bits and onelsign bit. This data is transmitted every
3 samples to the remote terminal.

Other data is transmitted once every power cyclef

The data transmission format is shown in Appendix N

In addition to the above data, cyclic redundanéy,check bits and fixed check bits are transmitted to
monitor the communication channel. If @ e¢hannel failure is detected at the local terminal,
command bits are held to the value before failure®

User programmable commands

Any signals (On/off data) shown mAppendix B can be assigned to COM1-S to COM14-S and
SUB COMI1-S to SUB_COM4+Shas user programmable commands by using the PLC function.
The default setting is as follows:

Command Default

SignalNo. Signal name
COM1-S 800 C/R_SEND-A
COM2-S 801 C/R_SEND-B
COM3;8 802 C/R_SEND-C
COM4-8 803 C/R_SEND-S
COM5-S 804 C/R_SEND-DEFA
COM6-S 805 C/R_SEND-DEFB
COM7-S 806 C/R_SEND-DEFC
COM8-S 815 C/R_SEND-PSB
COM9-S 516 Bl4_COMMAND
COM10-S - -
COM11-S -
COM12-S -
COM13-S -
COM14-S -
SUB_COM1-S |- -
SUB_COM2-S |- -
SUB_COM3-S 848 LOCAL_TEST
SUB_COM4-S 881 SEVERE_CF-L

— 101 —
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2.5.1.3Synchronized Sampling

The synchronized sampling is required for the following functions:
e Fault location for three-terminal line
e Indication for electric power quantities of remote terminal(s)
e Time synchronization with remote terminal

The GRZ100 performs synchronized simultaneous sampling at all terminals of the protected line.
This synchronized sampling requires neither an external reference clock nor synchronization of
the internal clocks of the relays at different terminals.

In synchronized sampling, the sampling timing error between terminals is képt within £10us or
+20us for two- or three-terminal applications.

The sampling synchronization is realized through timing synchronizagion®ontrol and sampling
address synchronization control. These controls are performed oncgevery*power cycle.

Timing synchronization

One of the terminals is selected as the time reference terminal and set as the master terminal. The
other terminal is set as the slave terminal. The scheme switch [SP.SYN] is used for the settings.

Note: The master and slave terminals are set ondyafor the convenience of the sampling timing
synchronization.

To perform timing synchronization for the slave termitnal, the sampling time difference between
master and slave terminals is measured.gfhe“measurement principle of the sampling time
difference AT is indicated in Figure 2.5.1.2, The'master terminal and slave terminal perform their
own sampling and send a signal thatfbecomesythe timing reference for the other terminal.

Y Td2

M <—3 [ —

aster t
terminal e

AT Sampling
timing
Slave
terminal ’,, , t
& (S >
Ta1 T

Figure 2.5.1.2 Timing Synchronization

Eacli'terminal measures the time Ty and T from its own sampling instant to the arrival of the
signal from the other terminal. As is evident from the figure, the times T) and Tf can be obtained
by equation (1) and (2) where T4 and Ty are the transmission delay of the channel in each
direction. The sampling time difference AT can be obtained from the resulting equation (3).

Tm = Tdqp — AT @)
Tp=Tqo + AT (2)
AT = {(TF - Tm) + (Tg1 ~Tg2)i/2 )

The slave terminal advances or retards its sampling timing based on the time AT calculated from
equation (3), thereby reducing the sampling time difference with the master terminal to zero. This
adjustment is performed by varying the interval of the sampling pulse generated by an oscillator in
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the slave terminal.

The difference of the transmission delay time Tyq (= Tq1 — Tqp) is set to zero when sending and

receiving take the same route and exhibit equal delays. When the route is separate and the sending
and receiving delays are different, Tqq must be set at each terminal to be equal to the sendingudclay:

time minus the receiving delay time. The maximum T4 that can be set is 10ms. (For setting, see
Section 4.2.6.7. The setting elements of transmission delay time difference are TCDT1 and
TCDT2.)

The time T) measured at the master terminal is sent to the slave terminal together with the current
data and is used to calculate the AT.

The permissible maximum transmission delay time of the channel is 10ms?

In case of the three-terminal line application, the communication, ports of the GRZ100 are
interlinked with each other as shown in Figure 2.5.1.3, that is, port CHIyef one terminal and port
CH2 of the other terminal are interlinked. For the setup of the comnimication system, see Section
2.5.1.6.

When terminal A is set as the master terminal by ghe Seheme switch [SP.SYN], the
synchronization control is performed between terminals A and™B, and terminals B and C. The
terminal B follows the terminal A and the terminal C follewsithe terminal B. The slave terminals
perform the follow-up control at their communication port CH2.

Terminal A Terminal B

E z| GRZ100
B B

Master ‘ Slave

GRZ100

Communication
port

ERNEL

GRZ100 Slave

Terminal C

Eigure 2.5.1.3 Communication Link in Three-terminal Line

Samplingiaddress synchronization

The principle of sampling address synchronization control is indicated in Figure 2.5.1.4. After
timesynchronization has been established, the slave terminal measures the time from sending its
own timing reference signal until it returns from the master terminal. The transmission delay time
T4 from slave to master terminal can be calculated from equation (4).

Tq= ({TO —(T- TM)} R2+Taa)2 @)

The calculated transmission delay time T4 is divided by the sampling interval T. The mantissa is

truncated and the quotient is expressed as an integer. If the integer is set to P, the reception at the
slave terminal of the signal sent from the master terminal occurs at P sampling intervals from the
transmission. Accordingly, by performing control so that the sampling address of the slave
terminal equals integer P when the sampling address = 0 signal is received from the master
terminal, the sampling address of the slave terminal can be made the same as the master terminal.
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Figure 2.5.1.4 Sampling Address Synchronizatioh

2.5.1.4Connection to Communication Circuit

The GRZ100 can be provided with one of the following interfac€S¥by ofder type and connected to
a dedicated optical fiber communication circuit or multiplexedi¢ommunication circuit.

e Optical interface (1310nm, SM, 30km class)
o Optical interface (1550nm, DSF(Dispersion Shifted Fibfe), 80km class)(*)

Optical interface (820nm, GI, 2km class)
Electrical interface in accordance with CEILT-G703-1.2.1
Electrical interface in accordance with CEITT-G703-1.2.2 and 1.2.3

e FElectrical interface in accordance withfCCITT X.21
e Electrical interface in accordance'with RS422, RS530

Note (*): When using the 80kn'elassieptical interface, it is necessary to ensure that the received
optical power does not exeeed —10dB, in order to avoid communication failure due to
overloading of the fecgivier.

When testing infloop;back mode, for instance, the sending terminal should be
connected 4o theyreceiving terminal via an optical attenuator with 10dB or more
attention.

Even ifithe seading terminal is directly connected to the receiving terminal, the optical
transgeiverwill not damaged, but communication failures may occur.

- Fibre Coppled Power: —5 to 0 dBm

-dnputPéwer Range: —34 to —10 dBm

= Optical Damage Input Level: 3 dBm

Altgrnativelinks to the telecommunication circuit are shown in Figure 2.5.1.5 (a) to (c).
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Optical fiber circuit
~
GRZ100 [, i
~
Optical interface (a) Direct link
Twisted pair cables with shield <60m_ Multiplexed circuit
“| MUX >
GRZz100 |:< ¢
Electrical interface
(b) Electrical link via multiplexer
Optical [Twisted pair cable
fibers with shield <60m (| 3
GRZ100 [, “| OE |, 71 MUX,
~ T~ S

Optical interface

(c) Optical link via multiplexer

O/E: Optical/Electrical converter
MUX: Multiplexer

Figure 2.5.1.5 Link toiCommunication Circuit

Direct link

When connected to single-mode (SM)#10/125um type of dedicated optical fiber communication
circuits and using Duplex LC typetgonnector for 30km class, the optical transmitter is an LD with
output power of more than —13dBm and the optical receiver is a PIN diode with a sensitivity of
less than —30dBm. For 80km class; the’optical transmitter is an LD with output power of more than
—5dBm and the optical receiver isia’PIN diode with a sensitivity of less than —34dBm.

When connected to gradedsindex (GI) multi-mode 50/125um type or 62.5/125um type of
dedicated optical fibet teleegmmunication circuit and using an ST type connector, the optical
transmitter is an LED with output power of more than —19dBm or —16dBm and the optical receiver
is a PIN diode withy a Sensitivity of less than —24dBm.

For details, refefito Appendix K.

Link viamultiplexer

The'GRZ100ycan be linked to a multiplexed communication circuit with an electrical or optical
ifterface. Fhe electrical interface supports CCITT G703-1.2.1, G703-1.2.2 and 1.2.3,
X.21T(RS530) or RS422. Twisted pair cable with shield (<60m) is used for connecting the relay
and multiplexer.

In the optical interface, optical fibers of graded-index multi-mode 50/125um or 62.5/125um type
are used and an optical to electrical converter is provided at the end of the multiplexer. The
electrical interface between the converter and the multiplexer supports CCITT G703-1.2.1,
G703-1.2.2 and 1.2.3, X.21(RS530) or RS422..

A D-sub connector (DB-25) or an ST connector is used for electrical linking and optical linking,
respectively.
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2.5.1.5Setup of Communication Circuit

The GRZ100 is provided with one set of transmit and receive signal terminals for two-terminal
application models and two sets of signal terminals for three-terminal application models.

In case of two-terminal applications, the communication circuit is set as shown in Figuref2.5.1.6.
In the figure, TX and RX are the transmit and receive signal terminals. CK is the receive terminal
for the multiplexer clock signal and is used when the interface supports CCITT G703-1.2.2, 1.2.3.

and X.21(RS530).
Terminal A Terminal/B
GRZ100 GRZ100
TX1 W

CH1 CH1
RX1 RX1

(a) Direct Link Using Optical Fiber

Terminal A Terminal B
GRZ100 GRZ100
—~ — — i

CH1
RX1 O/E >< O/E RX1 CH1

MUX: Multiplexer
O/E: Opticahinterfage, unit

xc<Z
xXCc<

(b) Link via Multiplexer{(@ptical Interface)

Terminal A Terminal B
GRz100 GRZ100
Lo ie eIl
X1 Eg;l __/Noooc oooc>N<:_ ;j;:l ™1
roell o M M b o]

CH1 | RX1 ““OOCN gJ( §J( =°°°N\__9 RrRx1 | CH1
22 22
Iy A
cKi ro;o N N ‘270 CK1
T il

(c)/Link via Multiplexer (Electrical Interface
in accordance with CCITT-G703)

TerminalhA Torminal B
GRZ100 GRZ100
o [ o AT
i ol A
CHI'l RXx1 Ezlg _:>F;=ooc '\L/JI ’l\J/l P -%g:l— o

9
=[N X X N<7922:|_ RX1
—I:g_ Z;_ - P '281'2:'_
o Lo Al ek
= I e s
oo [ b e ||
™2 —Eﬁf_e->N=°°° ) oooo<N I fzi o
- M ol
CH2 - -:>F:xm U m I ESE
e X X NC;G;I_ RX2 | CH2
—I:g_ ;5_ >P=°°c P '1252 —
o il ?{ngl CK2

(d) Link via Multiplexer for Dual communication
(Electrical Interface in accordance with CCITT-G703)

Figure 2.5.1.6 Communication Circuit Setup in Two-terminal Application
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Terminal A Terminal B
GRZ100 GRZ100
Signal ground o= 7O  Signal ground
T\ 2/ 1z°
X1 e oo ™>i
o N M > < M N
o\ U U Ps°

RX1
CH1 | rRX1 ow—:>Noooc X X ooooN<:_Tso CH1
o—t\P P, 1=
15 15
CK1
CK1 OE_>N°°°C °°°°N<:_T°
Shield C1 1:> Shield
(e) Link via Multiplexer (Electrical Interface
in accordance with X.21, RS530)

Terminal A Terminal B
GRZ100 GRZ100
Signal ground C7 70 Signal ground
T\ I
TX1 Dooog °:=°< 1
om TN M > < M NS
T\ u U P

RX1
CH1 | RX1 OT>,§°°°° v M DOOON<-760 CH1
o—t\P P T1T=°
15 15
o] oo CK1
CK1 oA o
Shield 01 10 Shield
Signal ground o7 =0 Signal ground
T\ P1z°
TX2 P °==°< ™>2
om N M > < M NS T
ST\ u U e
RX2
cH2 | Rx2 oﬁ_};:ooc v Y coooN<_Teo CH2
o—\P P11
15 15
CK2
CK2 OT:>§°°°C °°°°N<:_Tzo
Shield 01 1O Shield

(f) Link via Multiplexer for Dual communication
(Electrical Interface in accordance with X.21, RS§530)

Figure 2.5.1.6 Communication Circuit Setup in Two-terminal Application (continued)

In case of three-terminal‘applications, signal terminals CH1-TX1, -RX1 and -CK1 which have the
same function ass€H2-TBX 1, -RX1 and -CK1 are added.

Figure 2.5.1.7 shewsghe communication circuit arrangement for three-terminal applications. Note
that the CHI signal terminals TX1, RX1 and CK1 of one terminal are interlinked with the CH2
signal temminals I’X2, RX2 and CK2 of another terminal and that the scheme switch [TERM] is set
to "3-TERMY, If the same channel is interlinked between both terminals such as the CH1 signal
tetimindls ofione terminal are interlinked with the CH1 signal terminals of another terminal, the
scheme switch setting [CH. CON] should be set to “Exchange”.
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Terminal A Terminal B
GRZ100 GRZ100
X1 T>2
CH1 RX1 RX2 CH2
CK1 CK2
TX2 X1
CH2 RX2 RX1
CK2 CK1 CH1
X1 TX2
RX1 RX2 Terminal C
CK1 CK2
GRZ100

Figure 2.5.1.7 Communication Circuit Setup for Three-tekminal Applications

The three-terminal line application models can be applied toatwosterminal line. In this case, same
channel’s TX, RX and CK of both terminals are interlinkéd andischeme switch [TERM] is set to

"2-TERM".

The three-terminal models also have dual commusiieationymode as shown in Figure 2.5.1.8. In this
case, the [TERM] setting must be set to "Dual"}

Terminal B

GRZ100

X1

RX1 CH1

CK1

TX2

Terminal A
GRZ100
TX1
CH1 RX1
CK1
X2
CH2 RX2
CK2

RX2 CH2

CK2

Note: The both'same cannels are connected each other.

Figure)2.5.1.8 Dual Communication Mode

2.5.1.6 Setting

The setting elements fiecessary for the integral digital communication and their setting ranges are

as shown in the tabledbelow.

Element Range Step Default Remarks
CO. LINK Int / Ext Int Communication link (Integral or External)
SP_SYN Master / Slave Master SP synchronization setting
TERM 2TERM/ 3TERM / Dual 3TERM Terminal selection (3 terminal model)
CH.USE Both / CH1USE / CH2USE Both Channel selection for chain topology
(3 terminal model)
CH.CON Normal / Exchange Normal Channel exchanger (3 terminal model)
T.SFT1 OFF /ON OFF Shift send signal by half-bit. (for CH1)
T.SFT2 OFF / ON OFF Shift send signal by half-bit. (for CH2)
B.SYN1 OFF/ON ON CH1 bit synchronization for multiplexer
B.SYN2 OFF/ON ON CH2 bit synchronization for multiplexer
TDSV 100 - 16000 Tus 6000us Transmission delay time threshold setting
for alarm (*2)
TCDT1 —10000 — 10000 us Ous Transmission delay time difference setting

for channel 1 (*1)
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Element Range Step Default Remarks
TCDT2 —10000 - 10000 1us Ous Transmission delay time difference setting
for channel 2 (*1)
(*1) This setting is only used when there is a fixed difference between the sending and receiving
transmission delay time. When the delay times are equal, the default setting of Opis must be used.
(*2) If the channel delay time of CH1 or CH2 exceeds the TDSV setting, then the alarm "Td [Never! or
"Td2 over" is given respectively.

CO. LINK: To set Integral digital communication or External communication.

SP. SYN: One of terminals must be set to MASTER and others SLAVE. if nat,thesynchronized
sampling fails.

Note: As the simultaneous setting change at all terminals is not practical{it i§ not recommended to
change the settings when the relay is in service.

TERM: To set two-terminal or three-terminal application.
CH. USE: Set the using channel CH1 or CH2 when the chaintopolegy is applied.

CH.CON: In case of the two-terminal line application, thef€@mmunication ports of the GRZ100
are interlinked with port CH1 as shown in Figure 2:5.1.9(a) and (b). In case of three-terminal
application, port CH1 of one terminal and port CH2 of the other terminal are linked as shown in
Figure 2.5.1.9(c). In these normal linkages, the cemmunication port exchange switch [CH.CON]
is set to "Normal".

T.SFT1, T.SFT2: The T.SFT1 and T.SFT2 arefisedto,synchronize the relay with the multiplexer
by shifting the send signal by a half-bit when theydistance from the relay to the multiplexer is long.
When electrical interface X.21, CCITT G#§703x1.272 or -1.2.3 is applied and the distance (cable
length from relay to multiplexer) is 300m orfmore, the setting is set to "ON"

B.SYN1, B.SYN2: The B.SYNand/B.SYN2 are set to "ON" when the relay is linked via
multiplexer, and set to "OFF" when direct link is applied.

This setting is available for CETEI Gvy703-1.2.1, 1.2.2, 1.2.3, X21 and optical interface (short
distance: 2km class). In the cage of optical interface 30km and 80km class, this setting is
neglected.

TDSV: The TDSV is ad4gansmission delay time threshold setting. GRZ100 gives an alarm if the
transmission delay timie exeéeeds TDSV. The alarm messages are "Tdl over" for CH1 and "Td2
over" for CH2.

TCDT1, TCDT2: The TCDT1 and TCDT?2 are transmission time delay difference settings for
CHI1 and CH2 respectively. If there is a permanent and constant difference of more than 100ps
between thefsendsand receive channel delay times, then the TCDT setting is used to compensate
for that'difference. The setting is calculated as follows:

TCDT% = (Sending delay time) — (Receiving delay time)

(Example) CH1: TCDT1 = 1000 — 1000
=0pus

CH2: TCDT2 = 3000 - 5000

=-2000us

1000us

1000us
CH1: TCDT1 = 5000 — 3000 CHI 10005 Cz |CH1: TCDT1 = 2000 - 1000
=2000us CH2 > o =1000ps
CH2: TCDT2 f 1000 — 2000 RELAY C 20005 RELAY B CH2: TCDT2 : 1000 — 1000
=-1000us =0ps
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2.5.2 External Communication Interface

2.5.2.1Interface with Signaling Equipment

GRZ100 interfaces with protection signaling equipment through binary input and output eircuits
as shown in Figure 2.5.2.1.

Receiving command signals for remote terminal 1 from the signaling equipment are input to
photo-coupler circuits BIn and BIm. A guard signal in frequency shift signaling or an alternative
trip signal is input to BIm. BIn and BIm output signals R1-CH1 and R1-CH2 through lagic level
inversion (NOT logic) circuit by PLC function (refer to Section 3.2.3). The signals for remote 2
are same as those of remote 1.

A sending command signal CS to the signaling equipment should be output to'the auxiliary relay
BO13 through a logic level inversion circuit (Logic level inversion offCS can be performed by
BOSW switch or also by PLC function.). BO13 has one normally opén contact.

In the BOP scheme, a signal channel automatic test function is available. Sending test signal SBT
can be assigned to any of the user configurable output relays B@n'through a logic level inversion
circuit by PLC function. BOn has one normally close contact.

Note: In setting the signal SBT, the 0.2s delayed drgp-offitimer in the logic level inversion
circuit must be disabled by setting the sCheme switch [BOTDn] to "OFF".

S-DEF2 or S-DEFBOP2 is a sending commandgsignal‘used for DEF command protection and
assigned to any of the user configurable outputrelays, BOn. (See Section 2.4.4.1.)

Signaliftg Equipment

| Signal P(+)

i Receiving ! 4 For remote 1

i Trip \L'

| ; :

| _ BiIn Logic Level | _R4.cH1
| Guard Inversion

i or Trip

b Logic Level | _

I -
Slgnal BI Inversion Ri-chz
I'Sending

__| Logic Level N )
CS Inversion (1) BO13 : Trip

SBT— Logic I._evel
Inversion (*)

For remote 2

Logic Level | __ R2-CHA1
Inversion

S-DEF2 __|=egickevel
(or S-DEFBOP2) Inversion (*)

LOgiC Level | R2-CH2
Inversion

(*): By PL@ function.

Figure 2.5.2.1 Interface with Signaling Equipment in External Communication

— 110 —



TOSHIBA 6F2S0834

2.5.2.2Signaling Channel

Table 2.5.2.1 shows the protection scheme and required signaling channel. "Simplex" here means
that a transmit signal is shared by all terminals. "Multiplex" means that a specific channel is @ised
for each terminal.

Table 2.5.2.1 Protection Scheme and Signaling Channel

Simplex Multiplex
PUP X X
POP X
UoP X X
BOP X X

Since the PUP transmits a trip permission signal through operation of the gnderreaching element,
it is not necessary to distinguish a transmit signal from a receive signal and a simplex channel
suffices. Of course, a multiplex channel can also be applied.

Since the POP transmits a trip permission signal through operation ofithe overreaching element, it
is necessary to distinguish a transmit signal from a receive signal'te prevent false operation in case
of a fault in the overreaching zone. Therefore, a multiplex/Chansiel is necessary.

Since the UOP and BOP transmit a trip block signaljavsimplex channel suffices. A multiplex
channel can also be applied.

The signal received from the protection signalingfequipment is generally a single one, while with
frequency shift signaling, two signals, a trip sighal‘andya guard signal, are received. The GRZ100
is equipped with signal receive logic shown in Figure 2.5.2.2 to respond to either case. In the case
of a single signal, a signal from the signaling equipment is input to R1-CH1 and the scheme switch
[CHSEL] is set to "Single". In the caseyof two signals, a trip signal is input to R1-CHI1, a guard
signal or an alternative trip signal 48 input to R1-CH2 and the [CHSEL] is set to "Guard". Signal
R1-CR selected by this scheme switehfts used as a receive signal in command protection.

"Single"
"And" ‘ [CHSEL]
& R1-CR
R1-CH1 "Guard"
R1-CH2 9 & t 0 E (.)—0. It J_C R1-CF
—._C |_| I 1 I 1
. "CH1" 20ms 100ms 150ms & -1 |—R1-CR-DEF
\1\[CH-DEF]
o LT 1.

"(PUP+DEF)"
[SCHEME]

"(P@P+DEF)", "(UOP+DEF)", "(BOP+DEF)"

Figure 2.5.2.2 Signal Receive Logic

When two signals are utilized, the signal receive logic outputs signal R1-CR only when receiving
a trip signal only or no trip signal nor guard signal is received for more than 20 ms. However, the
output by the latter lasts only for 100 ms. When the latter continues for more than 100 ms, a
telecommunication circuits failure alarm signal R1-CF is output.
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Selecting "And" for the scheme switch [CHSEL] in two signals reception will allow ANDing of
two signals to be set as signal R1-CR.

When directional earth fault command protection (see Section 2.4.4.1) is used with POP, UQP or
BOP scheme of distance protection and two channels are available, signal channel canybe
separated from distance protection by setting the scheme switch [CHSEL] to "Single" and
[CH-DEF] to “CH2”. In this case, signals CH1 and CH2 are used for distance protectionsand
directional earth protection respectively. If the scheme switch [CH-DEF] is set to “CH1”, signal
CH1 is shared by the both protections.

When directional earth fault command protection is used with PUP schemef Signal channel is
separated irrespective of [CH-DEF] setting.

In three-terminal application, the signal receive logic for remote 2 is safe, asithat of remote 1
shown in Figure 2.5.2.2.

Following table shows the scheme switch settings and usable signals:

Scheme CHSEL setting [CH-DEF setting Use ofsignal
CH1 CH2

PUP+DEF  (Single CH1 PUP DEF

CH2 PUP DEF
POP+DEF  (Single CH1 POP and,DEF (*) -

CH2 POP DEF
UOP+DEF  |[Single CH1 UOP and DEF (¥) -

CH2 UoP DEF
BOP+DEF  |Single CH1 BOP and DEF (*) -

CH2 BOP DEF

(*) CH1 is shared by the distancg’and directional earth fault command protections.

Setting
Element Range Step Default Remarks
CHSEL Single/Guard/And Single Signal receiving
CH-DEF CH1/CH2 CH1 Channel separation
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2.6 Characteristics of Measuring Elements

2.6.1 Distance Measuring Elements 21, Z1X, 22, ZF, Z3, Z4, ZR1, ZR2, ZND and PSB

The GRZ100 provides eight distance measuring zones with mho-based characteri§tics ,or
quadrilateral characteristics.

As shown in Figure 2.6.1.1, mho-based zone characteristics are composed of mho element, offset
mho element, impedance element, reactance element, and blinder element for phase fault
protection and earth fault protection.

Z1 (zone 1), Z1X (zone 1 extension), Z2 (zone 2), ZF (zone F) and ZR 1\ everse/zone 1) are a
combination of the reactance element, mho element and blinder element,

Z3 (zone 3), ZR2 (reverse zone 2), and Z4 use the mho element and blinder element, but Z4 for
phase faults uses the offset mho element instead of mho element. This makes“it possible to detect a
reverse close-up fault at high speed if Z4 for phase faults is used fomthe ¢ommand protection.

ZND (non-directional zone) uses the impedance element and blindefelement.

The blinder element is normally used to restrict the resigtiVie, reach of the mho or offset mho
element if their operating range encroaches upon the lead impedance.

The blinder element (BFR) can be provided for each forwatd zone. The setting of blinder element
can be set independently or set common to forwdrd Zenes\by the scheme switch [BLZONE].

iZFG

[=N/a)

i 21 JG 1

7\
.
2 711

75° N

B+#S: Blinder elefments

/418 z,.ifm
S Il

171662

/z360

\BRLG

B+**G: Blinder elements

(a).Phase fault element (b) Earth fault element

Figure 2.6.1.1 Mho-based Characteristics

As shown in Figure 2.6.1.2, quadrilateral zone characteristics are composed of reactance element,
directional element and blinder element. Z4 for phase faults uses the offset directional element to
ensure a reverse close-up fault detection.

The forward offset reach of reverse zones (ZR1, ZR2) for both mho-based and quadrilateral
characteristics is fixed as 7.5 ohms for 1A rating or 1.5 ohms for 5A rating. However, when they
are used for back-up tripping ([ZR*BT]="ON"), the forward offset reach is limited to the zone 1
reach setting, as shown in Figure 2.6.1.3. Z4, on the other hand, is normally used to provide
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blocking in the command schemes, and its offset is not limited by the zone 1 reach setting. It is
fixed at 7.5Q (or 1.5Q) in order to give reliable, fast blocking for a close-up reverse fault.

X
BFLS BFLG\
BNDS BNDG _
/\ :.~'
ZR1S ZR1G
BRLS BRRG
BRRS ZR2S ZR2G
/ Z4S \ / Z4G \
ZNDS ZNDG
B#*S: Blinder elements B+*G: Blinder elements
(a) Phase fault element (b) Earth fault element

Figure 2.6.1.2 Quadrilateral Four Zone Characteristics

/ ZR1S/ZR2S \

(a) Mho-based characteristic (b) Quadrilateral characteristic

“. | ZR1S/ZR2S

Figure 2.6.1:3 /ZR1S and ZR2S Characteristic Offset Reach for Backup Tripping

Zoneyl, zenc®X, zone 2 and zone F can trip on condition that zone 3 has operated, in both
charactgristics:

The power swing blocking elements (PSBS and PSBG) are a combination of the reactance element
and blinder element as shown in Figure 2.6.1.4. The outer element PSBOUT encloses the inner
element PSBIN with a settable width of PSBZ.
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L 4
Mho element
The characteristic of the mho element is obtained ring the phases between signals S1 and
S2. If the angle between these signals is 90° it means that the fault is within the mho
characteristic, and the mho element will opera
S1=V-1Zs {

S2=Vp

where, t
V = fault voltage \

I = fault current
Zs = zone reach setti

Vp= polariz'glg Ita

Figure 2.6.1.5 is a vo am, which shows that the mho characteristic is obtained by the
phase comparison if Viiand Vi are in-phase.

The mho chara
2.6.1.5 by current L.

the impedance plane is obtained by dividing the voltage in Figure

X

\ S1% V-
S2=Vp
1Zs

Figure 2.6.1.5 Mho Element

Both the phase fault mho element and earth fault mho element of the GRZ100 employ a dual
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polarization (self-polarization plus cross-polarization). Its polarizing voltage Vp is expressed by
the following equations.

For B-to-C-phase phase fault element
Vpbe =3 (Va = V0) £ ~90°+ Vie
For an A-phase earth fault element
Vpa =3 (Va= V) + Vbe £90°
where,
Va = A-phase voltage
V() = zero-sequence voltage
Ve = B-to-C-phase voltage

The dual-polarization improves the directional security when applied topheavily loaded lines or
weak infeed terminals.

The polarizing voltage for the phase fault mho element has“aymemory action for the close-up
three-phase fault. V5 and Vpc mentioned above are thg®miemotized pre-fault voltages. This
memory is retained for two cycles after a fault occur§§The polarizing voltage for the earth fault
mho element has no memory action.

When a three-phase fault occurs within zone 1, thephasesfault mho element for zone 1 is modified
to an offset mho characteristic as shown in Figlite 2:6yl.6. This, together with voltage memory
action, enables zone 1 to perform tripping with a timefdelay as well as instantaneous tripping for
the close-up three-phase fault.

The Z1X, Z2, ZF and Z3 do not have_the modifyihg function mentioned above.
X

Figure 2.6.1.6 Offset of Z1 in Three-phase Fault

Offset miho element

Threeiindépendent offset mho elements are used for Z1 for phase faults, reverse zone ZR2 and Z4
for phase faults.

Theycharacteristics of each offset mho element are obtained by comparing the phases between
signals S1 and S2.

If the angle between these signals is 90° or more, the offset mho element operates.
S1=V -1Zs
S2=V +1Zso

where,

V = fault voltage
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I = fault current
Zs = zone reach setting
Zso = offset zone reach setting

Figure 2.6.1.7 is a voltage diagram showing the offset mho characteristics obtained by th€ phase
comparison between S1 and S2.

The offset mho characteristic on the impedance plane is obtained by dividing the voltage in Figure
2.6.1.7 by current I.

X

cV-1Zs

IZs

1280 [ 8o - iz

Figure 2.6.1.7 OffsetMho Element

Reactance element

The reactance elements of Z1 and Z1X have @ composite characteristic with the two straight lines,
one is parallel and the other is gradu@l descentstoward the R-axis as shown in Figure 2.6.1.8.

The characteristic is defined by, théyfeach setting Xs and the angle settings 01 and 62. This
composite characteristic is obtainedwnly®when the load current is transmitted from local to remote
terminal. When the load current flows from remote to local terminal or the load current does not
flow or 01 is set to 0°, the reactanice element characteristic is a horizontal line which is parallel to
the R-axis.

The characteristic is exptessedsby the following equations.
For horizontal, chatacteristic
X<Xs
For gradienticharacteristic
RE Xstan (90°—-02 )+ ( Xs— X)) tan (90°—01)
where,
R = resistance component of measured impedance
X = reactance component of measured impedance
Xs =reach setting
Thereactance element characteristic of Z2, ZF and ZR1 is given by a parallel line to the R axis.

R and X are calculated using an integration approximation algorithm. The reactance element
provides high measurement accuracy even in the presence of power system frequency fluctuations
and distorted transient waveforms containing low-frequency spectral components.

A decision to operate is made 6 times in each power frequency cycle using the above-mentioned
equation. The reactance element operates when two consecutive measurements are made if the
distance to a fault is within 90% of the reach setting. If the distance to a fault is more than 90%, the

— 117 —



TOSHIBA 6F2S0834

reactance element operates when four consecutive measurements are made.
This decision method prevents transient overreaching occurring for faults close to the elemen

boundary.
X X

| O
\ v R \% R

(a) Z1 and Z1X (b) 2z a@

Figure 2.6.1.8 Reactance Eleme

The setting of 01(Z161) and 062(Z162) are set to the following.Q

7102 <tan' (X /Ry) (b
Where,

X = reactance component

Ry = fault resistance K\

7101 < tan™ {I max / (Iimax + Irmin )}
I max = maximum load curre

Ifmin = minimum fault cu:

Blinder element

The blinder element is commo
in Figure 2.6.1.9, the blind
operating area of the forwa
the reverse blinder is t c'enclosed by the lines BRR and BRL. The BFR has an angle of 75°
to the R-axis and BFI&90° tov135°. The angle of BRL is linked with that of BFL.

X
A
BFL BFR -Rs Rs
/ \Re
7
75° 0
\ [ ,
;
75°\
Rs/ —> R
* BRR BRL
(a) Forward blinder (b) Reverse blinder

Figure 2.6.1.9 Blinder element

The characteristic of the BFR is obtained by the following equation.
X > (R —Rs) tan 75°

where,
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R = resistance component of measured impedance
X = reactance component of measured impedance
Rs = reach setting

The characteristic BFL is obtained by the following equation. Polarizing voltage employedis
same as employed for mho element.

Vplcos(dp+6-90°)>0
where, L 2
Vp = polarizing voltage %
I = fault current \
¢ = lagging angle of [ to Vp @
0 = angle setting

A blinder applicable to the offset mho element for the power swing,blocking also has the same

characteristics as BFR.
The characteristics of BRR and BRL are expressed by the following equations.

For BRR
X < (R +Rs) tan 75°
For BRL
X < (R —Rs) tan (180° - 6) \
where, K
R = resistance component of me@npedance
X = reactance component suréd impedance
Rs = reach setting
The reach settings of BFR and e made on the R-axis. The BRL setting is interlinked with
the BRR setting.

margin of 80%, then the fi g equation can be used to calculate the blinder element resistive

settings: \

Ree: < 0.8 x Zi5i s30°

If the minimum load impm own, then assuming a worst case load angle of 30° and a
wi

sin30°
" tan75° )

Directional
The di& element is used for the quadrilateral four zone characteristics.

2

L 4

Vp

Figure 2.6.1.10 Directional Element
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The characteristic of the directional element is obtained by the following equation.
[*Vpcos(0—-¢)=0
where,
I = fault current
Vp = polarizing voltage
¢ = lagging angle of [ to Vp
0 = directional angle setting
The polarizing voltage Vp is the same one as employed in the mho element.
For B-to-C-phase phase fault element
Vpbe = A3 (Va= Vo) £-90° + Vi
For an A-phase earth fault element
Vpa= \[3 (Va— V) + Vi £90°
where,
Va = A-phase voltage
V( = zero-sequence voltage
Ve = B-to-C-phase voltage

The polarizing voltage for the phase faultqglemenit has a memory action for the close-up
three-phase fault. V5 and Vpc mentionedgabove, are the memorized pre-fault voltages. This
memory is retained for two cycles after alfaylt Oecurs. The polarizing voltage for the earth fault
element has no memory action.

When a three-phase fault occurs ithin‘zone 1, the phase fault element for zone 1 is modified to an
offset characteristic as shown in Figure»2.6.1.11. This, together with voltage memory action,
enables zone 1 to perform tripping, with a time delay as well as instantaneous tripping for the
close-up three-phase fault.

The Z1X, Z2, ZF and Z3 do notthave the modifying function mentioned above.
X

/ Reactance

\ <— Blinder

k\
-~ \
=~ Directional

Figure 2.6.1.11 Quadrilateral characteristic

Offset directional element

The offset directional element is used only in Z4 for phase faults in the quadrilateral four zone
characteristics.
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L 4

Figure 2.6.1.12 Offset Directional Element \%

The characteristic of the offset directional element is obtained by the f%equation.

X+Rtand < Zp 0
where,
X =reactance component of measured impedance Q

R = resistance component of measured impedanc@
0 = directional angle setting (interlinked with tighal element angle setting)

Zg = offset reach setting (fixed to 1.5Q gand 7.5Q in 1A rating)
2.6.2 Phase Selection Element UVC K\
The phase selection element has the und characteristic shown in Figure 2.6.2.1 and is

used to select a faulty phase in cas in, hase-to-earth fault.

Figure 2.6.2.1 Phase Selection Element

T&risﬁc is obtained by a combination of the equations below. If equation (1) or equation

(2), .or both equations (3) and (4) are established, the UVC operates.

[V| < Vs €))
[V —1Zs| < Vs 2)
Vs <Vsinh < Vs 3)
0 <V cosO < IZs| 4)

where,

V = fault voltage
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I = fault current

0 = angle difference between V and 1Zs

Zs = impedance setting

Vs = undervoltage setting

When the value and angle of Zs are set to those similar to the impedance of the protected line,ghe
phase selection element will detect all single-phase earth faults that have occurred on the protected
line even with a strong source and the voltage drop is small.

As a result of current compensation, the operating zone expands only in the dig€ction leading the
current by the line impedance angle. Therefore, the effect of current conipenSationiis very small
under load conditions where the current and voltage have almost the same phase‘angle.

2.6.3 Directional Earth Fault Elements DEFF and DEFR

There are two types of directional earth fault element, the forwaid loeking element (DEFF) and
reverse looking element (DEFR). Their characteristics are shown in‘Eigure 2.6.3.1.

Both the DEFF and DEFR use a residual voltage as their polarizing Voltage and determine the fault
direction based on the phase relationship between theesidual current and polarizing voltage.

Isr

DEFR

R

DEFF

0+ 1802

\u

3lg

-3Vo

Figure 2.6.3.1 Directional Earth Fault Element

The operation décision 1s made using the following equation.

DEFF
3lgyfcos(o — 0) > Igf
3Voe Vst
DEFR
31p cos(p — 6 — 180°) > Igr
3V 2= Vgr
where,

31y = residual current
3V = residual voltage

-3V = polarizing voltage

¢ = lagging angle of (31) to (—3Vy)
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2.6.4

0 = characteristic angle setting (lagging to polarizing voltage)

Isf, Isr = current setting

Vsf, Vgr = voltage setting

Inverse Definite Minimum Time Overcurrent Element IDMT

As shown in Figure 2.6.4.1, the IDMT element has one long time inverse characteristic and three
inverse time characteristics in conformity with IEC 60255-3. One of these characteristics can be

selected.

(s) T=1.0
\
200, \
100 \\\
AN
50 \\ N
\
\
N N
20
N
N -
10 AN N
ANLNHAY N
A\ VA AN
Operating A\ Long-time
time t 5
\\
N
A\N
AN Standard Inverse
2 N
\ N
1 \ \\
\ Very Inverse
0.5 \\
\
\
\\
0.2 Extremely Inverse
0.1
2 5 10 20 30

Figure 2.6.4.1

Current | (Multiple of setting)
IDMT Characteristics

These characteristics are expressed by the following equations.

Long Time Inverse

120
=T X g1
Standard Inverse
0.14
t=T x

(/1) — 1
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Very Inverse
13.5
(I/Is) — 1
Extremely Inverse
80
(I/1s)* - 1

t=T x

t=T x

where,
t = operating time
I = fault current
Is = current setting

T = time multiplier setting

Definite time reset
The definite time resetting characteristic is provided.

If the delay period is set to instantaneous (TOCIR=0.0s), then e, intentional delay is added. As
soon as the energising current falls below the reset thre§holdythe element returns to its reset
condition.

If the delay period is set to some value in secondssthen‘an intentional delay is added to the reset
period. If the energising current exceeds the settingfer atransient period without causing tripping,
then resetting is delayed for a user-definable period. When the energising current falls below the
reset threshold, the integral state (the point towards @peration that it has travelled) of the timing
function (IDMT) is held for that period.

This does not apply following a trip operation, in which case resetting is always instantaneous.

2.6.5 Out-of-Step Element OST

The out-of-step element used far outsof=step tripping contains two impedance measuring elements
with quadrilateral characteristics; ZM and ZN. Figure 2.6.5.1 shows their characteristics. The
quadrilateral characteristigfof ZM 1s formed by the reactance lines parallel to the R-axis and the
ohm lines with a leadingyangle,of 75° to the R-axis.

The characteristics, f, ZN “can be obtained by shifting ZM in the —R-axis direction by
(OSTR1-OSTR2).

A X
OSTXF
ZN c B A ZM
750
~
rd
/ / _OSTR2 / / OSTR1
L
_0STXB

Figure 2.6.5.1 Out-of-Step Element

Operation of the impedance measuring element Z1 is expressed by the following equations.
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—OSTXB < X < OSTXF

(R-OSTR1)tan75° < X < (R — OSTR2)tan75°
where,

X = measured reactance

R = measured resistance

OSTXB, OSTXF = reactive reach setting

OSTR1, OSTR2 = resistive reach setting

2.6.6 Voltage and Synchronism Check Elements OVL, UVL, OVB, UVB, and\SYN

The voltage check and synchronism check elements are used for autoreglose.

The output of the voltage check element is used to check whether the Ithe and busbar are dead or
live. The voltage check element has undervoltage detectors UVEwand/UVB, and overvoltage
detectors OVL and OVB for the line voltage and busbar voltagefcheek. The under voltage detector
checks that the line or busbar is dead while the overvoltage detector checks that it is live. These
detectors function in the same manner as other level detectorsidescribed later.

Figure 2.6.6.1 shows the characteristics of the synchronism cheek element used for the autoreclose
if the line and busbar are live.

The synchronism check element operates if bothithe Veltage difference and phase angle difference
are within their setting values.

SY1uv

Figure 2.6.6.1 Synchronism Check Element

For theyelément SYNI, the voltage difference is checked by the following equations.

SY1I0OV < VB <SY1UV
SY1IOV < VL <SY1UV

where,

VB = busbar voltage

VL = line voltage

SY10V = lower voltage setting
SY1UV = upper voltage setting
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The phase difference is checked by the following equations.
VB-VLcos02>0

VB - VL sin (SY160s) > VB - VL sinf O
where,

0 = phase difference between VB and VL 0

SY16s = phase difference setting

4
A detected slip cycle is determined by the following equation:

0s

f= \

180° X TSYN @
f= slip cycle 0
TSYN = synchronism check timer setting

2.6.7 Current Change Detection Elements OCD and O t

where,

As shown in Figure 2.6.7.1, the current ch
difference between currents I and Ixj observ.

tection element operates if the vectorial

e cycle apart is larger than the fixed setting.

Therefore, the operating sensitivity of this el

nt is not affected by the quiescent load current
and can detect a fault current with high se i

The OCD element is used for the V. ur ervision circuit and the OCDP element used for
the fault detection during a power

N\ "
O Figure 2.6.7.1 Current Change Detection

pm;ecision is made by the following equation.

Iyp— IN| > Is

Ing = present current
I\ = current one cycle before

I = fixed setting (10% of rated current)
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2.6.8 Negative Sequence Directional Elements DOCNF and DOCNR

(DOCNF) and reverse looking element (DOCNR). They are used to detect faults during a p
swing. Their characteristics are shown in Figure 2.6.8.1. g
n

Both the DOCNF and DOCNR use negative sequence current and voltage and determi
direction based on the phase relationship between the current and voltage.

There are two types of negative sequence directional element, the forward looking elel!l

It

The operation decision is made using the following equation. 14
DOCNF
Zi? = V,lp sing > Vo | I |

> I @
DOCNR
Zi > + Val, sing > Vo |1 |

L >y Q
where,
I, = negative sequence current

V, = negative sequence voltage
¢ = lagging angle of I, to V,
Ly = 0.267 Xrated current (fixed) K

V=6V (ﬁXCd)
Zj =2.5 ohm (1A rating, fi @ (5A rating, fixed)

Vo — Zkly

i

&
Q "IN

i, i 7 e

= (Vax = Zklo)

¢ Figure 2.6.8.1 Negative Sequence Directional Element
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2.6.9 Level Detectors
In addition to those explained above, GRZ100 has overcurrent, overvoltage, and undervoltage
level detectors described below.

All level detectors except for undervoltage level detectors UVFS and UVFG, and overcurrént
level detector OCBF which require high-speed operation, operate in a similar manner.

That is, the operation decision is made by comparing the current or voltage amplitude with the
relevant setting.
Overcurrent detector OCH and OC

This detector measures A, B, and C phase currents and its sensitivity can bewset. The detector OCH
is commonly used for the SOTF and stub protection. The detector OC 4s commonly used for
backup protection.

Residual overcurrent detector EF and EFL

This detector measures a residual current and its sensitivity canidbe set. The EF is used for backup
protection. The EFL is used for the earth fault detection 61 distafice protection and VT failure
supervision.

Overvoltage detector OVS1/0VS2/0VG1/0VG2 andyundervoltage detector UVS1/UVS2/UVG1/UVG2
The OVS#* and UVS#* measure a phase-to-phasefvoltage while the OVG* and UVG#* measure a
phase-to-earth voltage. These detectors are us€d fomoyervoltage and undervoltage protection as
described in Section 2.4.9.

Residual overvoltage detector OVG

This detector measures a residual ¥eltage and its sensitivity is fixed at 20V. This detector is used
for supervision of VT failure.

Undervoltage detector UVLS and UVLG

The UVLS measures a ph@sSe-tosphase voltage while the UVLG measures a phase-to-earth
voltage. Their sensitivity can bejset. These detectors are used for weak infeed tripping.
Undervoltage detectorUVFS'and UVFG

The UVFS measures ayphase-to-phase voltage while the UVFG measures a phase-to-earth voltage.

Their sensitivity can Be set. These detectors are commonly used for the VT failure supervision and
signal channel test:

Undervoltage detector UVPWI
The UVPWI'measures a phase-to-earth voltage and its sensitivity is 30V fixed. The UVPWI is

usedyfor colintermeasures for overreaching of a leading-phase distance element at positive phase
weak mféed condition.

Broken conductor detector BCD

The BCD measures the ratio of negative to positive phase sequence currents (Ipr / I1g).

Overcurrent detector OCBF

This detector measures A, B, and C phase currents and its sensitivity can be set. This detector is
used for breaker failure protection and resets when the current falls below 80% of the operating
value.
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2.7 Autoreclose
2.71 Application

Most faults that occur on high voltage or extra-high voltage overhead lines are transiefit faults
caused by lightning. If a transient fault occurs, the circuit breaker is tripped to isolate the fault, and
then reclosed following a time delay to ensure that the gases caused by the fault arc have
de-ionized. This makes it possible to recover power transmission.

The time between clearing the fault and reclosing the circuit breaker, that is, thesdead time, should
be made as short as possible to keep the power system stable. From the viewpaint‘ofide-ionization
of the fault arc, the fault arc is de-ionized more thoroughly as the period¥ef thiS dead time is
extended. The de-ionization commences when the circuit breakers for alf'tetminals of the line are
tripped. Therefore, the dead time can be set at its minimum level if alPtgrminals of the line are
tripped at the same time.

Autoreclose of the GRZ100 is started by any of the following pretections that ensure high-speed
protection of all terminals.

e command protection
e zone 1 extension protection
e specific zone 1 tripping

The GRZ100 provides two autoreclose sySt€ms,ysingle-shot autoreclose and multi-shot
autoreclose.

Single-shot autoreclose

Three types of single-shot autorecloge modesjare provided: single-phase autoreclose, three-phase
autoreclose, and single- and threesphage autoreclose. An optimal mode is selected form among
"Off (disable)" "SPAR", "TPARY, "SPAR&TPAR", "EXT1P" and "EXT3P" by the autoreclose
mode selection switch [ARC-MLor PRC signals (No.1683 — 1688). The PLC signals have priority
over the switch [ARC-M] setting. Infany case, autoreclose is performed only once. If the fault state
still continues after reclosinggpthreesphases final tripping is activated.

Single-phase autoreclose;

In this mode, onlyythe faulty phase is tripped, and then reclosed if a single-phase earth fault occurs.
In the case of a multisphase fault, three phases are tripped, but reclosing is not made. Since power
can be transmitted through healthy phases even during dead time, this mode is convenient for
maintaining power system stablility. On the other hand, the capacitive coupling effect between the
healthy phase and faulty phase may cause a longer de-ionization time when compared to a
three-phaseatitoreclose. As a result, a longer dead time is required.

It ig'essential®to correctly determine a faulty phase. The GRZ100 is equipped with an undervoltage
elemefit with current compensation to correctly determine the faulty phase(s).

For single-phase autoreclose, each phase of the circuit breaker must be segregated.

This reclosing mode is simply expressed as "SPAR" in the following descriptions.

Three-phase autoreclose:

In this autoreclose mode, three phases are tripped, and then reclosed regardless of the fault mode,
whether single-phase fault or multi-phase fault. A shorter dead time can be set in this mode when
compared to the single-phase autoreclose. For the three-phase autoreclose, synchronism check and
voltage check between the busbar and the line are required.

This reclosing mode is simply expressed as "TPAR" in the following descriptions.
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Single- and three-phase autoreclose:

In this autoreclose mode, single-phase tripping and reclosing are performed if a single-phase fault
occurs, while three-phase tripping and reclosing are performed if a multi-phase fault occurs.

This reclosing mode is simply expressed as "SPAR & TPAR" in the following descriptions.
Shingle-shot autoreclose can be applied to one-breaker reclosing and two-breaker reclosingyinsthe
one-and-a-half breaker busbar system.

Multi-shot autoreclose

In the multi-shot autoreclose, any of two- to four-shot reclosing can be selectedInlany case, the
first shot is selected from three types of autoreclose modes as described in the above single-shot
autoreclose. All successive shots (up to three times), which are appliedfif the first shot fails, are
three-phase tripping and reclosing.

Multi-shot autoreclose cannot be applied to two-breaker reclosingyin thehene-and-a-half breaker
busbar system..

The autoreclose can also be activated from an external line proteetion. At this time, all autoreclose
modes described above are effective.

If a fault occurs under the following conditions, threesphase’ final tripping is performed and
autoreclose is blocked.

e Reclosing block signal is received frem,exXternal unit locally or remotely.
e Throughout the reclaim time

For evolving faults that occurred during#the dead time between single-phase tripping and
reclosing, "SPAR & TPAR" functions.as follows®

For evolving faults that occurred pithin the period of time set from the first fault, the reclosing
mode enters the three-phase autereclose mode. At this time, the total dead time becomes the dead
time for three-phase autoreclose added to the dead time for single-phase autoreclose which has
been used until the evolving fadlt oecurs.

For evolving faults occurged aftep’the set time, three-phase final tripping is performed, and
reclosing is not perforned;

If an evolving fault oc€urs'when "SPAR" is selected, three-phase final tripping is performed, and
reclosing is not pésfermed.
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2.7.2 Scheme Logic

2.7.2.1 One-breaker Autoreclose

Figure 2.7.2.1 shows the simplified scheme logic for the single-shot autoreclose. Autoreclose for a
further fault incident is available when the circuit breaker is closed and ready for autoreclose (GB1
READY=1), the autoreclose mode by the switch [ARC-M] or the PLC is set to "SPAR", "ERAR"
or "SPAR & TPAR" and the on-delay timer TRDY1 is picked up. The TRDY1 is used to
determine the reclaim time.

ARC-M
. _[ ] TRDY1 ARC1 READY TSPR1 "
"SPAR", "TPAR", "SPAR & TPAR" T 0
& ARC
7 & FIF - (For Leader CB)
|1545|CB1_READY | 53008 Single-phase trip ﬂ
52 [ARC-M]

+—_
528 "SPAR", "SPAR & TPAR"

526 "Default =CONSTANT 1"

TTPR1

TRIP-A o1 Multi-phase trip E
— [ARC-M]
— +— M-TRIPA
_ 21— "TPAR", "SPAR & TPAR" (For Leader CB)
TRIP-B . 1825]TRR L-REQ
>1 ( To Figure
= 21028.) "Defdult =SYN-OR"
e [ARC-M]
TRIP-C ] T Disable’ | &
=1 CT-DG
| [ARGDEF}, | & FT
— TorF & (For Leader CB)
[ARG:EXT. 21
[AREBU] —
- . —_— —
1556]EXT_TRIP-A > BUP e
O
[1544]ARC BEQEK
e ORI [1564]ARC BLOCKT]

u

[Trip when'ARC1'READY not operated. ]

O
(Multi phaseltrip in SPAR. — |
1558 EXT_TRIP-C I~
TEVLY
Single-phase trip

(’;orr fpoerey .2—1| Multi-phase trip
3 [ARC-M]
( )(é<5 cLzeadef CB) +"TPT?", "SPAR & TPAR" %‘
Rl
ARC FAIL & 0.01-100s
(For Leader CB)
. [ARC-SUC]

"ON"

Figure 2.7.2.1 Autoreclose Scheme Logic

If the autoreclésé)is ready, the internal tripping signal TRIP-A, B, C or external tripping signal
EXT,TRIR-AwB; C for each phase of the circuit breaker activates the autoreclose. These tripping
sigfials are output from the command protection, zone 1 extension protection, and specific zone 1
tripping. Wihether or not the external trip signals are used to activate the reclosing is selected by
the scheme switch [ARC-EXT].

Once this autoreclose is activated, it is maintained by a flip-flop circuit until one reclosing cycle is
completed.

Autoreclose is not activated in the following conditions.

e  When the tripping is output by the directional earth fault command protection (CT-DG =1)
and the autoreclose selection switch [ARC-DEF] is set to "OFF".

e  When the tripping is performed by the out-of-step protection (OSTT =1), stub fault protection
(STUB=1), switch-onto-fault protection (SOTF =1) breaker failure protection (RETRIP=1) or
time-delayed backup protection (BUP =1).
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e When an autoreclose prohibiting binary input signal is applied (ARC BLOCK =1)

If autoreclosing is not ready, a three-phase tripping command M-TRIP is output for all tripping
modes. At this time, autoreclose is not activated.

Autoreclose for single-phase fault

If the autoreclose mode is set to "SPAR" or "SPAR & TPAR", single-phase tripping is performed.
The dead time counter TSPR for single-phase reclosing is started by any of the tripping signals
TRIP-A to C. After the dead time has elapsed, reclosing command ARC is output.

If the autoreclose mode is set to "TPAR", three-phase tripping is performedfandathe dead time
counter TTPR1 for three-phase reclosing is started. After the dead time“has ¢€lapsed, reclosing
command ARC is output based on the operating conditions of the voltageand Synchronism check
elements output signal SYN-OP. (The SYN-OP is assigned by the PLC(asza default setting.)

If the autoreclose mode is set to "Disable"("Off"), three-phase tfippifig is performed and
autoreclose is not started. Even though the autoreclose is started;%he autoreclose is reset if all
phases of the CB are closing.

Autoreclose for multi-phase fault

Regardless of the autoreclose mode, three-phase tripping s performed and TRIP-A to C are
activated. If the autoreclose mode is set to "TPAR" or! SRAR & TPAR", the dead time counter
TTPRI1 for three-phase reclosing is started. Aftefithesdead time has elapsed, reclosing command
ARC is output based on the operating conditiofigéf the voltage and synchronism check elements
output signal SYN-OP. (The SYN-OP is assigned by, the PLC as a default setting.)

If the autoreclose mode is set to "SPAR" or Disable"("Off"), autoreclose is not activated.

If the operating conditions of the voltage andgSynehronism check elements are not satisfied during
three-phase reclosing, TRR is then picked upand reclosing is reset.

Autoreclose for evolving fault

Figure 2.7.2.2 shows the sequef®e,diagram of autoreclose for an evolving fault. If single-phase
tripping is performed, the evolving fatlt detection timer TEVLYV is started at the same time as the
TSPR is started. If no evol¥ing faults occur, single-phase reclosing is performed when TSPR is
picked up.

First fault Evolving fault

Fault N N

Trip _I 1¢ trip —| 3¢ trip 1¢ reclosing —| 3¢ reclosing
ISPR
TSPR
TEVLV
TTPR1

TTPR1

Figure 2.7.2.2 Autoreclose for Evolving Fault
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As shown in the figure, if an evolving fault occurs before TEVLV is picked up, three-phase
tripping is performed. If this occurs, TSPR and TEVLYV are reset, and TTPR1 is now started.

After TTPRI1 is picked up, three-phase reclosing is performed based on the status of the voltage
and synchronism check elements output signal SYN-OP. If an evolving fault occurs after‘the
TEVLYV has picked up, autoreclose is reset and reclosing is not performed.

Voltage and synchronism check

There are four voltage modes as shown below when all three phases of the circuit bréaker are
opened. The voltage and synchronism check is applicable to voltage modes 1 t¢"¥ and controls the
energizing process of the lines and busbars in the three-phase autoreclosetmode

Voltage Mode 1 2 3 4
Busbar voltage (Vp) live live dead dead
Line voltage (V| ) live dead live dead

The synchronism check is performed for voltage mode 1 while the voltage check is performed for
voltage modes 2 and 3.

[VCHK]
IIOFFII
—— Do »
“LB"
*——
llDBll
_IISYII
TLBD1
OovB 286 & LBDL &
7 273
0:01 — MOO0S r >1 42 syn-op
87 TDBL1
we 4 N ~ | DBLL & ]
289 0:01 — 1.00S
ovLi1 T3PLL
A 2397
3PLL
UVLA 290 0.01-1.008 (Three phase live line)
TSYN1
syN1 | 388 7
0.01-10.00S

"Figure 2.7.2.3 Energizing Control Scheme

Figure 207.2.3 shows the energizing control scheme. The voltage and synchronism check output
signal SYN-OP is generated when the following conditions have been established;

e Synchronism check element SYN1 operates and on-delay timer TSYNI1 is picked up.

e Busbar overvoltage detector OVB and line undervoltage detector UVL1 operate, and on-delay
timer TLBD1 is picked up. (This detects live bus and dead line condition.)

e Busbar undervoltage detector UVB and line overvoltage detector OVL1 operate, and on-delay
timer TDBLI is picked up. (This detects dead bus and live line condition.)
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Using the scheme switch [VCHK], the energizing direction can be selected.

Setting of [VCHK] Energizing control

LB Reclosed under "live bus and dead line" condition or with synchronism check
DB Reclosed under "dead bus and live line" condition or with synchronism check
SY Reclosed with synchronism check only.

OFF Reclosed without voltage and synchronism check.

When [VCHK] is set to "LB", the line is energized in the direction from the busbar to line under
the "live bus and dead line" condition. When [VCHK] is set to "DB", the lines‘ate energized in the
direction from the line to busbar under the "dead bus and live line" conditign}

When a synchronism check output exists, autoreclose is executed regatdless®f the position of the
scheme switch.

When [VCHK] is set to "SY", a three-phase autoreclose is perfortaed with synchronism check
only.

When [VCHK] is set to "OFF", three-phase autoreclose 4is \performed without voltage and
synchronism check.

The voltage and synchronism check require a sifiglesphase voltage from the busbar or line as a
reference voltage. If the three-phase voltages thatarctused for the distance protection are supplied
from the line voltage transformer, the referencegioltage has to be supplied from the busbar voltage
transformer. On the contrary, if the three-phasSeyvoltages that are used for the distance protection
are supplied from the busbar voltage transformer, the reference voltage has to be supplied from the
line voltage transformer.

Additionally, it is not necessary toffix the phase of the reference voltage.

The signal 3PLL shown in Figure2:7.2%8,is output when all three phase voltages are live, and it is
available by the [3PH-VT] = LINE sctting.

To match the busbar voltage “and line voltage for the voltage and synchronism check option
mentioned above, the GRZ100 has the following three switches and VT ratio settings as shown in
Figure 2.7.2.4.

[VTPH-SEL]: This switch is used to match the voltage phases. If the A-phase voltage or
Asphase to B-phase voltage is used as a reference voltage, "A" is selected.

[VT-RATE]: This switch is used to match the magnitude and phase angle. "PH/G" is
selected when the reference voltage is a single-phase voltage while "PH/PH" is
selected when it is a phase-to-phase voltage.

[BPHaVTH "Bus" is selected when the three-phase voltages are busbar voltages while
"Line" is selected when they are the line voltages.

VT: This setting is set to the VT ratio of busbar or line voltage for distance
protection.
VTsl: This setting is set to the VT ratio of line or busbar reference voltage for voltage

check and synchronism check.
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Distance
Measuring

Busbar orline Va
voltages Vp

Voltage check
Ve &
Synchronism check

Line or busbar Vg

reference voltage

[VTPH - SEL]
+ "AT
g
or

[VT - RATE]

"PH/PH"

"PH/G"
[3PH - VT]

“BUS"

"Line"

Figure 2.7.2.4 Matching of BusbarVoltage and Line Voltage

Autoreclosing requirement

Using PLC function, various recl@se requirements can be designed. In Figure 2.7.2.1, a reclose
requirement for "SPAR", "TPAR"0r "SPAR&TPAR" can be respectively assigned to the
following signals by PLC:

"SPAR": [SPR.L-REQ]
"TPAR": [TPR.L-REQ]
"SPAR&TPAR"NSPRIL-REQ], [TPR.L-REQ]

The default settingyis asifollows:

Reclose requirement  Default setting Remarks
"SPAR" [SPR.L-REQ] = CONSTANT_1 No condition
"TPAR? [TPR.L-REQ] = SYP-ON Voltage and synchronism check

Pérmanent fault

When're¢lose-onto-a-fault is activated when a permanent fault exists, three-phase final tripping is
performed. However, this operation is performed only in the single-shot autoreclose mode. In the
multi-shot autoreclose mode, reclosing is retried as described below.

Multi-shot autoreclose

In multi-shot autoreclose, low-speed autoreclose is executed up to three times after high-speed
autoreclose fails. The first shot is high-speed autoreclose that functions in the same manner as
described for single-shot autoreclose. Figure 2.7.2.5 shows the simplified scheme logic for the
low-speed autoreclose of the second to fourth shot.

The multi-shot mode, two to four shots, is set with the scheme switch [ARC-SM].
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Figure 2.7.2.5 Scheme Liogi€ for Multi-Shot Autoreclose

In low-speed autoreclose, the dead timé counter TS2 for the second shot is activated if high-speed
autoreclose is performed (ARC = Dpbuttsipping occurs again (TP = 1). Second shot autoreclose is
performed only when the voltage and synchronism check element operates (SYN-OP = 1) after a
period of time set on TS2 has elapsed. At this time, outputs of the step counter are: SP1 =1, SP2 =
0, and SP3 = 0.

Autoreclose is completdd, at'thiS step if the two-shot mode is selected for the multi-shot mode.
Therefore, the tripping following the "reclose-onto-a-fault" becomes the final tripping (FT1 = 1).

If the voltage and synehronism check element does not operate within the period of time set on the
timer TS2R which is)started at the same time as TS2 is started, the multi-shot autoreclose is
cancelled MAR=ET = 1).

When the threé shots mode is selected for the multi-shot mode, autoreclose is further retried after
the above'tgippifig occurs. At this time, the TS3 and TS3R are started. The third shot autoreclose is
performéd only when the voltage and synchronism check element operates after the period of time
setionfthe TPS3 has elapsed. At this time, outputs of the step counter are: SP1 =0, SP2 =1, and SP3
=0.

The three shot mode of autoreclose is then completed. Therefore, the tripping following the

"reclose-onto-a-fault" becomes the final tripping (FT2 = 1).

If the voltage and synchronism check element does not function within the period of time set on
the TS3R, multi-shot autoreclose is cancelled.

When four-shot autoreclose is selected, low-speed autoreclose is further retried once again for
tripping that occurs after the "reclose-onto-a-fault". This functions in the same manner as the
three-shot autoreclose.
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Use of external automatic reclosing equipment

To use external automatic reclosing equipment instead of the built-in autoreclose function of the
GRZ100, the autoreclose mode is set to "EXTIP" or "EXT3P". When "EXT1P" is selected{ the
GRZ100 performs single-phase tripping for a single-phase fault and three-phase tripping,fog.a
multi-phase fault. When "EXT3P" is selected, three-phase tripping is performed for all faults. ¢At
the same time, one binary signal for individual phase is output as an autoreclose start signals

2.7.2.2 Two-breaker autoreclose

As shown in Figure 2.7.2.6, in the one-and-a-half breaker busbar arrangefient, two circuit
breakers, the busbar breaker and the center breaker, must be reclosed. Thet®GRZA00-300 series are
provided with the two-breaker autoreclose scheme.

Multi-shot autoreclose is not applicable to two-breaker autoreclose; the sehemeswitch [ARC-SM]
is set to "OFF" for a default setting.

Autoreclose is not activated when an autoreclose prohibiting binarydinput signal is applied at the
local or remote terminal.

e ARC_BLOCK signal common for leader and follower CB
e ARC BLOCKI signal for leader CB
e ARC BLOCK?2 signal for follower CB

The autoreclose scheme is different depending lenytheyreclosing mode.

Busbar Protected line

breaker

<A

Center
breaker

Vi1

Adjacent line
Vi2

~ (<O

Figure 2.7.2.6 One-and-a-Half Breaker Busbar Arrangement

Single-phase autoreclose and single- and three-phase autoreclose

The breaker(s) to be reclosed and the reclosing order can be set by the scheme switch [ARC-CB]
as follows:

Setting of [ARC-CB]  Autoreclose mode

ONE (Set when applied to a one-breaker system)
01 Only the busbar breaker is reclosed and the center breaker is subjected to final tripping.
02 Only the center breaker is reclosed and the busbar breaker is subjected to final tripping.
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Setting of [ARC-CB]  Autoreclose mode
L1 Single-phase autoreclose: Both breakers are reclosed simultaneously. (*1)
Three-phase autoreclose: The busbar breaker is reclosed first. If successful, then the
center breaker is reclosed.
L2 Single-phase autoreclose: Both breakers are reclosed simultaneously. (*1)

Three-phase autoreclose: The center breaker is reclosed first. If successful, then the
busbar breaker is reclosed.

Note: "ONE" is set only when the relay is applied to a one-breaker system. Trip andgieclose commands
are output only for CB1(bus CB).
(*1): Sequential autoreclose can be applied by changing of the dead timer setting omthe PLC setting.

The autoreclose scheme logic for the two circuit breakers is independent of cach other and is
almost the same. The autoreclose scheme logic of the circuit breaker tobe'reclosed first (lead
breaker) is the same as that shown in Figure 2.7.2.1. The scheme logic ofithe circuit breaker to be
reclosed later (follower breaker) is different from that shown in Figur&2.7:2.7 in that the condition
that a reclosing command is output to the leader breaker is added%o the start of the dead time
counter of the three-phase autoreclose.

[ARC-M]
P —
"SPAR", "TPAR", "SPAR & TPAR" &

1546|CB2_READY

52A
52B
52C

TP 1828 | SPR.E-ST.REQ
( From Figure 2.6.2.1.) "Default =CONSTANT 1"

ARC2 READY TSPR2

[
FIF

_|_| Single-phase trip

[ARC-M]

4 —_
"SPAR", "SPAR & TPAR:

ARC
(For Follower CB)

Multi-phase trip E —El-
[ARC-M]

G
‘TPAR"

||1829 TPR.F-ST.REQ II—

"Default ="ARC-SET"

1832| R.F-ST.REQ

| o01s (ForFollower CB)

1834 |TPR.F2-REQ

"Default =CONSTANT 0"

[ARC-M]

4
"Disable" | &

o8 TAeoEn [ -
[ARC-DEF] | g JL—FT
h— & 21 . (For Follower CB)

OFF" >1 0.2s
[ARC-BU] |

BUP —— 1
"OFF"

fi534]ARC_BLOCK] &p

(FFL Follower CB) >1 [Trip when ARC2 READY not operated. ]7
(*)ARC [Mutt phase trip in SPAR. ]
(For Follower CB)
TEVLV
i i t 0 Imm!
Single-phase tri
P

Multi-phase trip 0.01-10s

[ARC-M]
“"TPAR", "SPAR & TPAR"

0.01-100s

(For Follower CB)
[ARC-SUC]

Figure 2.7.2.7 Autoreclose Scheme for Follower Breaker
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The start of the dead time counter can be configured by the PLC. In the default setting, the
single-phase autoreclose is started instantaneously after tripping, and the three-phase autoreclosé
is started after the ARC-SET condition is satisfied.

The “ARC-SET” is a scheme signal whose logical level becomes 1 when a lead breaker’s
autoreclose command is output.

In default setting, therefore, the dead time of the follower breaker is as follows:

e Three-phase autoreclose: equal to the sum of the dead time setting of the two breakers.
(TTPR1 + TTPR2)

¢ Single-phase autoreclose: TSPR2

However, the dead time can be set that of the leader breaker by the PL@%etting “RF.ST-REQ”.
The shortening of the dead time can be also applied when the leadep breaker is final-tripped
because it is no ready.

Autoreclose start requirement

Using PLC function, various autoreclose start requirements canibe designed. In Figure 2.6.2.7, a
reclose start requirement for "SPAR", "TPAR" or "SPAR&TPAR " can be respectively assigned to
the following signals by PLC:

"SPAR": [SPR.F-ST.REQ]
"TPAR": [TPR.F-ST:REO]
"SPAR&TPAR": [SPR.F-ST.REQ], [IPR.F:ST.REQ]

The default setting for the follower CB auteféelosestart requirement is as follows:

Reclose start Default setting Remarks

requirement

"SPAR" [SPR.F-ST.REQ] = CONSTANT_1 No condition

"TPAR" [TPR.F-ST.REQ] ='ARC-SET ARC-SET becomes “1” when the leader

CB is reclosed.

Autoreclose requirement

The autoreclose nequirement can be designed by assigning a reclose requirement to the signals
[SPR.F-ST.REQ] and,[ TPR.F-ST.REQ] same as above.

The default setting forthe follower CB autoreclose requirement is as follows:

Reclosg'requirement  Default setting Remarks

"SRAR! [SPR.F-ST.REQ] = CONSTANT_1  No condition

"TPAR" [TPR.F-ST.REQ] = SYP-ON Voltage and synchronism check
Others

If the autoreclose start requirement is designed such as starting the follower CB in no-ready
condition of the leader CB, it is assigned to the signal [R.F-ST.REQ].

By assigning the autoreclose start requirement to the signal [R.F-ST.REQ], both the leader CB and
the follower CB are set the same dead time. The reclose requirement is assigned to the signals
[SPR.F2-ST.REQ] and [TPR.F2-ST.REQ)].

The default setting for the follower CB is as follows:
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Requirement Default setting
Reclose requirement [R.F-ST.REQ] = CONSTANT_0 (No used) O
Reclose start requirement O
"SPAR" [SPR.F2-REQ] = CONSTANT_O0  (No used)
"TPAR" [TPR.F2-REQ] = CONSTANT_0  (No used)

4

Figure 2.7.2.8 shows the energizing control scheme of the two circuit breakers i three-phase
autoreclose. OVB and UVB are the overvoltage and undervoltage detector r voltage Vi
in Figure 2.7.2.6. OVL1 and UVL1 are likewise the overvoltage and und

voltage V7 1.

detectors of line

OVL2 and UVL2 are likewise the overvoltage and undervoltage detec of line voltage Vy ».
V1 7 in the center breaker is equivalent to the busbar voltage \Q usbar breaker.
c

SYNI1 and SYN2 are the synchronism check elements to ¢ hronization between the two
sides of the busbar and center breakers, respectively.

SYN

(Three phase live line)

[ARC-CB]

~— |

TPARL-SET _u;
¥

WL o"

Note: [ARC-CB] is set to "ONE" only when the relay is applied to one-breaker system.
Trip and reclose commands are output only for CB1(bus CB).

Figure 2.7.2.8 Energizing Control Scheme for Two Circuit Breakers
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The voltage and synchronism check is performed as shown below according to the [ARC-CB]

settings:

Setting of [ARC-CB]  Voltage and synchronism check

ONE or O1 A voltage and synchronism check is performed using voltages Vg and V| 1.

02 A voltage and synchronism check is performed using voltages V| 4 and V| 9.

L1 Since the logical level of TPARL-SET is 0, a voltage and synchronism check is
performed for the busbar breaker using voltages Vg and V| 1. Then, the logical level
of TPARL-SET becomes 1 and a voltage and synchronism chéck is’performed for
the center breaker using voltages V| 1 and V| 9 and a reclosing command is output
to the center breaker.

L2 A voltage and synchronism check is performed for the center breaker using

voltages V| 1 and V| 9. Then, the logical level of TPARESET becomes 1 and a

voltage and synchronism check is performed for thesbusbar breaker using voltages
Vgand V4.

Note: "ONE" is set only when the relay is applied to one-breaker system. Trip and reclose commands
are output only for CB1(bus CB).

The energizing control for the two circuit breakers canibeset by the scheme switch [VCHK] as

follows:

Setting of [VCHK]  Energizing control

LB1 The lead breaker is reclosed‘tinder the "live bus and dead line" condition or with
synchronism check, and theffellower breaker is reclosed with synchronism check only.

LB2 The leader brgakeriis reclesed under the "live bus and dead line" condition or with
synchronismigheck; and the follower breaker is reclosed under the "dead bus and live
line" condition orwith synchronism check.

DB Both breakers areyreclosed under the "dead bus and live line" condition or with
synchranism check.

SYN Both breakers are reclosed with synchronism check only.

OFF Both*breakers are reclosed without voltage and synchronism check.

The scheme switcRfARG-SUCT] is used to check the autoreclose succeeds. If all three phase CB
contacts have been clesed within TSUC time after ARC shot output, it is judged that the
autoreclose has{succgeded (AS). If not, it is judged that the autoreclose has failed (AF), and
becomes thegimal tripping (FT).

The relay, provides the user configurable switch [UARCSW] with three-positions (P1, P2, P3) to
be programimed by using PLC function. Any position can be selected. If this switch is not used for
the PLC setting, it is invalid.

2.7.3 Setting
The setting elements necessary for the autoreclose and their setting ranges are shown in the table
below.
Element Range Step Default Remarks
VT 1-20000 1 2000 VT ratio for distance protection
VTs1 1-20000 1 2000 VT ratio for voltage and synchronism check SYN1
TSPR1 0.01-10.00s 0.01s 0.80s Dead time for single - phase autoreclose
TTPR1 0.01-100.00 s 0.01s 0.60s Dead time for three - phase autoreclose
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Element Range Step Default Remarks
TRR 0.01-100.00 s 0.01s 2.00s Autoreclose reset time
TEVLV 0.01-10.00's 0.01s 0.30s Dead time reset for evolving fault
TRDY1 5-300s 1s 60 s Reclaim time
SYN1 Synchronism check

SY10 5-75° 1° 30°

SY1uv 10-150V 1V 83V

SY10V 10-150V 1V 51V
OovB 10-150V 1V 51V Live bus check
UvB 10-150 V 1V 13V Dead bus check
ovL1 10-150V 1V 51V Live line check
UvL1 10-150V 1V 13V Dead line check
TSYN1 0.01-10.00s 0.01s 1.00s Synchronism cheek time
TLBD1 0.01-1.00s 0.01s 0.05s Voltage check time
TDBLA1 0.01-1.00s 0.01s 0.05s Voltage checkytime
T3PLL 0.01-1.00s 0.01s 0.05s Three phaseilive line check
TW1 0.1-10.0s 0.1s 02s Reclosing,signal output time
TS2 5.0-300.0s 0.1s 200s Secondishot dead time
TS3 5.0-300.0s 0.1s 20.0s Third shet dead time
TS4 5.0-300.0s 0.1s 200s Fourth shot dead time
TS2R 5.0-300.0s 0.1s 30.0s Second shot reset time
TS3R 5.0-300.0s 0.1s 300s Third shot reset time
TS4R 5.0-300.0s 01s 30.0§ Fourth shot reset time
ARC-M Disabled/SPAR/TPAR/ SPAR&,TPAR  Autoreclose mode

SPAR & TPAR/EXT1P/EXT3P

ARC - DEF OFF/ON OFF DEF autoreclose
ARC-BU OFF/ON OFF Backup trip autoreclose
ARC-EXT OFF/ON OFF External start
ARC - SM OFF/S2/S3/S4 OFF Multi - shot autoreclose mode
ARC-SUC OFF/ON OFF Autoreclose success checking
VCHK OFF/LB/DB/SY LB Energizing direction
VTPHSEL ABIC A Phase of reference voltage
VT - RATE PH/G / PH/RH PH/G VT rating
3PH-VT BUS/LINE LINE Location of three - phase VTs
[UARCSW] P1/P2IR3 (P1)(*) User ARC switch for PLC

(*) If this gwitch 1s'not used for PLC setting, it is invalid.

“VT” is Vgfatio sctting of distance protection, and “VTs1” is VT ratio setting of a reference
voltageyinputdfor yoltage and synchronism check element as shown in Figure 2.7.3.1.

In afvoltagesetting, set “SY1UV”, “SY10V”, “OVB”, “UVB”, “OVL1” and “UVL1” based on
the, VI rating for voltage and synchronism check. (When a voltage rating between line VT and
busbanV1"1s different as shown in Figure 2.7.3.1, the voltage input from “VT” is matched to the
rating of “VTs1” using the setting of “VT” and “VTs1”.)
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Busbar
CcB o Line
X GRZz100
VT setting
£ _:,_: For distance
Line VT —0—>VL protection
Busbar VT VTs1 setting
P Reference voltage
35 VB for voltage and

synchronism chetk

Figure 2.7.3.1 VT and VTs1 Ratio Setting for Busbar or Line Veltage

To determine the dead time, it is essential to find an optimal ValueWwhile taking factors,
de-ionization time and power system stability, into consideration shich fiormally contradict one

other.

Normally, a longer de-ionization time is required for a higher line voltage or larger fault current.
For three-phase autoreclose, the dead time is generally 1%, t0 30 cycles. In single-phase
autoreclose, the secondary arc current induced ffom “the healthy phases may affect the
de-ionization time. Therefore, it is necessary to set a longefidead time for single-phase autoreclose
compared to that for three-phase autoreclose.

In three-phase autoreclose, if the voltage and Synchrenism check does not operate within the
period of time set on the delayed pick-up timerTRR®hich is started at the same time as the dead
time counter TTPR1 is started, reclosing is mot performed and three-phase autoreclose is reset to
its initial state. Therefore, for example, TRR is'Set to the time setting of the TTPR1 plus 100 ms.

The TEVLV determines the possibility of thrée-phase reclosing for an evolving fault.

When the TEVLYV is set to the same sefting as the TSPR, three-phase reclosing is performed for all
evolving faults. As the setting for'the TEVLV is made shorter, the possibility of three-phase
reclosing for an evolving fault becomes small and that of three-phase final tripping becomes large.

For the two-breaker autoregl®se, the following additional settings are required.

Element Range Step Default Remarks
VTs2 1-20000 1 2000 VT ratio for voltage and synchronism check SYN2
TSPR2 0.1-10.0s 0.1s 0.1s Dead time for single-phase autoreclose of
follower breaker
TTPR2 0.1-10.0s 0.1s 0.1s Dead time for three-phase autoreclose of follower
breaker
TRDY2 5-300s 1s 60s Reclaim time of follower breaker
SYN2 Synchronism check
SY2.0 5-75° 1° 30°
SY2UvV 10 - 150V \% 83V
SY20V 10 — 150V \ 51V
0ovL2 10 - 150V % 51V Live line check
UVL2 10 - 150V i\ 13V Dead line check
TSYN2 0.01-10.00s 0.01s 1.00s Synchronism check time
TLBD2 0.01-1.00s 0.01s 0.05s Voltage check time
TDBL2 0.01-1.00s 0.01s 0.05s Voltage check time
TW2 0.1-10.0s 0.1s 0.2s Reclosing signal output time
[ARC-CB] ONE/O1/02/L1/L2 L1 Two breaker autoreclose mode
[VCHK] OFF/LB1/LB2/DB/SYN LB1 Energizing direction
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Note : [ARC-CB] is set to "ONE" only when the relay is applied to one-breaker system. Trip and reclose
commands are output only for CB1(bus CB).

2.7.4 Autoreclose Output Signals Q

The autoreclose scheme logic has two output reclosing signals: ARCI1 and ARC2. Al@ a
reclosing signal for a single breaker autoreclose or a reclosing signal for the busbar breaker in a
two-breaker autoreclose scheme. ¢

ARC?2 is the reclosing signal for the center breaker of the two-breaker autore:%heme.
r

The assignment of these reclosing signals to the output relays can be con e
using the setting menu. For more information on this, see Section 3.2.2 a .
setting, see Appendix D.

hich is done
. For the default

U .,
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2.8 Fault Locator
2.8.1 Application

GRZ100 provides the following two type fault location methods:
- Fault location using the only local end data for two terminal application

- Fault location using the local and remote end data (only for integral communication and three
terminal application)

The fault locator using the only local end data is applied when the scheme switeh “CO.LINK” is
set to “Ext”. When the scheme switch “CO.LINK” set to “Int”, both typesyof fatlt locator are
applied in three-terminal application. Table 2.8.1.1 shows type of faulg [oeator in integral
communication and three-terminal application.

Table 2.8.1.1  Type of Fault Location

Communication system Fault location calculated by
na- Relay A Relay B .

Ring-topology — | Relay Akocal and remote ends data
- ciit Relay B: Local and remote ends data
[ ] Relay C: Local and remote ends data

Chain-topology Relay A | @ oYWy B Relay A: Local end data

CH2

- Relay B: Local and remote ends data

el ] 4 | Relay C: Local end data

The measurement result is expressed asta percentage (%) of the line length and the distance (km)
and is displayed on the LCD ongthe relay front panel. In three-terminal application, however, the
measurement result is expressed as \@»fault section instead of a percentage. It is also output to a
local PC or RSM (relay settifig and/monitoring) system.

To measure the distanceytofault, the fault locator requires minimum 3 cycles as a fault duration
time.

In distance to faultealculations, the change in the current before and after the fault has occurred is
used as a referen€e’ curreént, alleviating influences of the load current and arc voltage. As a result,
the location errogyin fault location using only local end data is a maximum of +2.5 km for faults at
a distance of up'to 100 km, and a maximum of £2.5% for faults at a distance between 100 km and
399.9 Km. The loeation error in fault location using local and remote ends data is a maximum of
1+2.0’km fongaults at a distance of up to 100 km, and a maximum of £2.0% for faults at a distance
betweet 100 km and 399.9 km at the positive differential current more than In (rated current). If a
faultieurrefit is more than 25xIn, the location error is larger than above. (See Appendix K.)

Note: If abnormal settings far from actual transmission line impedance, e.g. resistance
value so larger than reactance value, etc., are done, the location error will be larger.

The fault locator cannot correctly measure the distance to fault during a power swing.

Fault location is enabled or disabled by setting "Fault locator" to "ON" or "OFF" on the "Fault
record" screen in the "Record" sub-menu.
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2.8.2 Starting Calculation

Calculation of the fault location cab be initiated by one of the following tripping signals.

command protection trip
zone 1 trip

zone 2 trip

zone 3 trip

zone F trip

zone 1 extension trip
external main protection trip

2.8.3 Displaying Location

The measurement result is stored in the "Fault record" and displayed on the,LCD of the relay front
panel or on the local or remote PC. For displaying on the LCD, sec Seetion 4.2.3.1.

In the two-terminal line, the location is displayed as a distanceikm) and a percentage (%) of the
line length.

In the three-terminal line, the location is displayed as a distange (km). To discriminate faults in the
second and the third section, the fault section is supplemented.

“*0QB”, “#0J”, and “*NC” and may display after theylocation result. These mean the followings:
*OB: Fault point is over the boundary.
*QJ: Fault point is over the junction in three-terminal line application.

*NC: Fault calculation has not converged.

In case of a fault such as a fault durafion time 1§$*too short, the fault location is not displayed and the
"---" marked is displayed.

2.8.4 Distance to Fault Calculation

2.8.4.1 Fault location using/the onlylocal end data

The distance to fault xgis‘ealculated from equation (1) and (2) using the local voltage and current
of the fault phasejand*a,current change before and after the fault occurrence. The current change
before and after thefault dccurrence represented by If" and Ia" is used as the reference current.
The impedance imbalance compensation factor is used to maintain high measuring accuracy even
when the impedance of each phase has great variations.

Distante,caleulation for phase fault (in the case of BC-phase fault)

, L, (Vie- IB") x L 1
TR Tpe x Ip") + Re(X] - Ipe - Ip")} x Kbe 1

where,
Vi = fault voltage between faulted phases = Vp — V¢
Ipc = fault current between faulted phases = I — I¢
IB" = change of fault current before and after fault occurrence = (Ip-I¢) — (ILb-ILc)
ILb, IL¢c = load current

R1 =resistance component of line positive sequence impedance
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X1 = reactance component of line positive sequence impedance
Kpc = impedance imbalance compensation factor

Im( ) = imaginary part in parentheses

Re( ) = real part in parentheses

L = line length (km)

Distance calculation for earth fault (in the case of A-phase earth fault)

L (V-1."xL
_ m' a O
InRy - To - 1" ¥ Ro - Tos I + Rom * Iom * Tot") + Re(X - Iy I + Xo - Tos - Tt + Xom - Lomaplo Wy Ka 2

X1

where,
Vg, = fault voltage
I = fault current = (215 — Ip — I¢)/3
Io" = change of fault current before and after faudt o€eurrence

2a-Tp-Ic 2lLa-ILb-TILc

3 3

Ia, Ip, Ic = fault current

ILa, ILb, ILc = load current

Ips = zero sequence current

Iom = zero sequence currentof parallel line

R1 =resistance component ofdine positive sequence impedance

X1 = reactance componengof line positive sequence impedance

R( = resistance compoénentof line zero sequence impedance

X0 = reactance component of line zero sequence impedance

Rm = resistange eéemponent of line mutual zero sequence impedance
X0m = reactance component of line mutual zero sequence impedance
K3 = impedance imbalance compensation factor

Im( ) =imaginary part in parentheses

Rg(')# eal part in parentheses

="Tine length (km)

Equations/1) and (2) are general expressions when lines are treated as having lumped constants
and these expressions are sufficient for lines within 100 km. For lines exceeding 100 km,
influences of the distributed capacitance must be considered. For this fault locator, the following
equdtion is used irrespective of line length to find the compensated distance x, with respect to
distance x; which was obtained in equation (1) or (2).

3
1

x2=x1—k2~3— (3)

where,

k = propagation constant of the protected line = 0.001km™ (fixed)
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2.8.4.2 Fault location using the local and remote end data

Calculation Principle

In the case of a two-terminal line as shown in Figure 2.8.4.1, the relationship between the voltages
at the local and remote terminals and the voltage at the fault point are expressed by Equations (1)

and (2).
Terminal A Fault Terminal B
e / ~
Va Z VB
Vi
IA 'B
Z
X 1-X
Figure 2.8.4.1 Two-terminal Model
VA -XZIA=Vr )
Vg - (1-1)Z1g= Vg @)
where,

VA = voltage at terminal A
Io = current at terminal A
VB = voltage at terminal B
Ig = current at terminal B

y = distance from terminal Ao fault point as a ratio to line length

V¢ = voltage at fault point

Z  =line impedanc¢
The distance y, is givefi by Bquation (3) by eliminating Vi,
x=(VaA - VBIHB)7Z(I5 +1B) 3)

As (IA + I ISwequal to differential current Id, y is calculated with the differential current

obtained as follows:

x=(Via- VB + ZIp) /Z14 “

The digtanice calculation principle mentioned above can be applied to three-terminal lines. But in
case of three-terminal application, the distance measurement equation varies according to which
zone the fault is in, this side or beyond the junction. Terminal A measures the distance using

Equations (5), (6) or (7).

Terminal A Junction Terminal B
- .
VA VB
A —|148 | — Ic
Zp Zp
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Figure 2.8.4.2 Three-terminal Model

XA=(VA-VBTZA(B + 1) +ZBIR)/ZAlg (5)

xJIB=(VA - VB +ZBIg —ZAla)/ ZBly (6)
xJjc=(VA—-VctZclc-ZAlA) 1 Zclg (7)
where,

Ig=1Ia+1Ig +Ic
Ve = voltage at terminal C

Ic = current at terminal C

xA = distance from terminal A to fault peintias a ratio to line length from terminal A to
junction
XJB > xJC = distance from junction to[fayltipeint as a ratio to line length from junction to
terminal B or C

Za ,Zg ,Z¢ = impedance fronreach terminal to junction

Firstly, X A is calculated using Bquation (5) assuming that the fault is between terminal A and the

junction. If the result does net,match'the input line data, then X g is calculated using Equation (6)

assuming that the fault is between the junction and terminal B. If the result does not match the
input line data, the calculationiS repeated using Equation (7) assuming that the fault is between the
junction and terminaldC,

Calculation Method

In the calculationythé sequence quantities of voltages and currents are employed instead of the

phase quantities. d'hus, equation (4) is combined with Equation (8) to give:

Vou =V +(Ziidp + Ziod gy + Zio150)
Zilar+ Ziylas + Zilao

X7 ®)

where,
V A1 = positive sequence voltage at terminal A
Vg1 = positive sequence voltage at terminal B
Ig1, IB2 and Ig( = positive, negative and zero sequence current at terminal B

I41.142 and Ig( = positive, negative and zero sequence differential current

711, Z17 and Z{ ) are expressed by the following equations assuming that Z,, = Zp,, Zpe = Zch
and Z¢g = Zgg:
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Z11=Zaa* Zob t Zec - Zab - Zbe - Zca)/3
Z12= (Zaa+ @ Zph + aZee + 2aZap + Zipe + aZcy))/3 )
Z10= Zaq + aZpp + aZcc - ' Zap - Ze - 3Zcz)/3
where, Z,,, Zp} and Z are self-impedances and Zg}, Zp and Z4 are mutual impedanees.

If Zya = Zph = Z¢c and Zypy = Ze = Zeg, then Z1 7 is equal to the positive sequence impedance,

and Z12 and Z10 are zero. For setting, the positive-sequence impedance is input @Sing the
expression of the resistive component R1 and reactive component X1.

2.8.5 Setting

The setting items necessary for the fault location and their setting rahgestareé shown in the table
below. The settings of Rom and X(m are only required for the double circuit lines. The reactance

and resistance values are input in expressions on the secondary gide of'CT and VT.

When there are great variations in the impedance of each phasejequation (10) is used to find the
positive sequence impedance, zero sequence impedance and zero sequence mutual impedance,
while equation (11) is used to find imbalance compensation factors Kap to Kg.

When variations in impedance of each phase can bejignored, the imbalance compensation factor is
set to 100%.

Z1={(Zaa+ Zbb *+ Zcc) — (Zab + Zpc +élca) /3
20 = {(Zaa+ Zbb + Zcc) + 2(Zab + Zipc Wca)}/3 (10)

Z0m = (Zam + Zbm + Zcm)/3

Kab = {(Zaa + Zbb)/2 — Zab ;%
Kbe = {(Zbb * Zcc)/2 - Zipc j/ 2
Kea = {(Zcc + Zaa)2 £ Zcaf1Z] (11)
Ka = {Zaa — (Zab *Lca)i24/Z1
Kb = {Zbb —(Zbest, Zab)/2}/Z1
K¢ = {Zcec fdcaiiab)/2}/Z1

The scheme switchofF1.-Z0B] is used when zero sequence compensation of the parallel line is not
performed in double circuit line.

ThegwitchlFL-Z0B] is set to "OFF" when the current input to the earth fault measuring element is
cofmpemnsated by residual current of the parallel line. When not, the switch [FL-Z0B] is set to "ON"
and%Z0B-14 Z0B-R, Rom and Xom are set.

Z0B-L = zero sequence back source impedance at local terminal
7Z0B-R = zero sequence back source impedance at remote terminal

In double circuit line, however, it is recommended that the current input compensated by residual
current of the parallel line is used in order for the earth fault measuring element to correctly
measure the impedance.

In the case of single circuit line, the switch [FL-Z0B] is set to "OFF".
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Item Range Step Default Remarks
Section 1
R1 00-199.90Q 0.01Q 0.20Q O
(0.0-99990 0190 1.0Q) (*)
X1 00-199.99Q 001Q 2.00Q O
(0.0-99990 010 10.0Q)
Ro 00-999.90Q 001Q 0.70Q 4
(00-9999Q 01Q 350) %
X0 00-199.90Q 001Q 6.80Q2 \
(00-9999Q 01Q 34.00)
Rom 00-199.90Q 001Q 0.20Q
(0.0-99990Q 01Q 1.0Q) 0
X0m 00-199.99Q 001Q 2.00Q
(0.0-99990 010 10.0Q) Q
Kab 80 - 120% 1% 100% @
Kbc 80 - 120% 1% 100%
Kca 80 - 120% 1% 100%
Ka 80 - 120% 1% 100\
Kb 80 - 120% 1% 1&
Ke 80 - 120% 1% %
Line 0.0-3999km  0.1km m Line length from local terminal to junction if
three-terminal application
FL-Z0B OFF/ON OFF
ZOB-L 0.0-199.99 O , \ 2.000
(0.0-999.9Q 10.0Q)
ZOB-R 0.0- 199.29 Qf 0. 2.00Q
(0.0-999. \ Q 10.0Q2)
UVLS 5010 1V 77V Phase fault detection
Section 2 For three terminal line
2Rq 0.@9 Q 001Q 0.200
-9999Q0  01Q 1.0Q)
2X1 04199990 0.01Q 2.00Q
%\0.0 -9999Q0  01Q 10.0Q)
0.0-3999km  0.1km 50.0 km Line length from junction to remote terminal 1
Sectio For three terminal line
3R 00-199.99Q 001Q 0.20Q
¢ (0.0-99990 010 1.0Q)
3X1 00-199.99Q 001Q 2.00Q
(0.0-9999Q 01Q 10.0Q)
3Line 0.0-399.9km  0.1km 50.0 km Line length from junction to remote terminal 2

(*) Ohmic values shown in the parentheses are in the case of 1 A rating. Other ohmic values are
in the case of SA rating.
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3. Technical Description

3.1 Hardware Description
3.1.1  Outline of Hardware Modules

The GRZ100 models are classified into two types by their case size. Models 211, 214, 221, 224,
311 and 321 have type A case, while models 216, 226 and 323 have type B casessCase outlines are
shown in Appendix F.

The hardware structures of their models are shown in Figure 3.1.1.1 and Eiguréy3.1.1.2. The front
view shows the equipment without the human machine interface modulg.

The GRZ100 consists of the following hardware modules. The human‘machine interface module
is provided with the front panel. The hardware modules depend onthe relay model.

e Transformer module (VCT)

e Signal processing module (SPM)

¢ Binary input and output module 1 (I01)
e Binary input and output module 2 (102)
e Binary output module 3 (I03)

¢ Binary input and output module 4 (104)
¢ Binary input and output modulef5 (1QS)
e Binary input and output module 6{O6)
e Binary input and output medule 8 (IOS8)

e Human machine interface module (HMI)

VCT  IO#3 10#2 SPM I0#1

|O#1: 101(Model 211, 221, 311, 321), I08(Model 214, 224)
|O#2: 102
|0#3: 103(Model 211, 221, 311, 321), I06(Model 214, 224)

Figure 3.1.1.1 Hardware Structure (Model: 211, 214, 221, 224, 311, 321)
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i
() o
q
o}
© 0 q
4
m q
O @]
=) R H 1
VCT I0#2 SPM [0#4 10#1 10#3
10#1: 101(Model 323), I08(Model 216, 226)
10#2: 102
10#3: 104(Model 323), I05(Model 246, 226)
10#4: 104

Figure 3.1.1.2 Hardware Structure (Model: 216, 226, 323)

The relationship between each model and module Used is as follows:

Models | 2114221 214 216 323
Module 31, 321 224 226
VCT X X x x
SPM X X x x
101 X x
102 X X x x
103 x
104 x x
105 x x
106 x
108 X x
HMI X X x X

Note: s-The SPM module is not interchangeable among different models.

Thethardware block diagrams of the GRZ100 using these modules are shown in Figure 3.1.1.3 and
Figure 3.1.1.4.
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> Telecommunication
system
Binary I/0 Module (I0#1)(*1)
DC/DC
Converter DC
Transformer Signal Processing and supply
Module (VCT) Communication Module
(SPM) Photocoupler
x15(101) or Binary input
R MPU2 x12(108)
>l CTx5 Analog A/ID 1
filter Converter Auxiliary relay Binary output
MPU1 (High speed) Trip
AC input | 1| x6(101) or — 2y command
x3(108)
\%
>l VTx4
(or VTx5)
Binary I/0O Module (1Q#2)
Adxiliary, rela
Opt. IF &
or x14 —» Binary output
Ethernet
External IRIG-B LAN I/F
clock »| port Y Phetocoupler
x3 Binary input
RS485
Transceiver >
Remote PC
> Remote PC
Human Machine Interface(HMI) Binary /0 Module (I0#3)("2)
Liquid crystal display Photocoupler
40charactersx4lines 0(103) or Binary input
x7(106)
LEDs Operation keys
Auxiliary relay
RS232C Monitoring jacks x10(103) or » Binary output
Local PC IF x6(106)

(*1): 101 requiredfor models 211, 221, 311 and 321
108 required formodels 214 and 224

(*2): 103 required formodels 211, 221, 311, 321 and 323
106 required.for models 214 and 224

Eigure 3:14s#1.3 Hardware Block Diagram (Models 211, 214, 221, 224, 311 and 321)
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> Telecommunication
system
Binary 1/0 Module (I0#1)(*1)
DC/DC
Converter DC
Transformer Signal Processing and supply
Module (VCT) Communication Module
(SPM) Photocoupler
x15(101) or Binary input
R MPU2 x12(108)
>l CTx5 Analog A/D 1
filter Converter Auxiliary relay Binary output
MPU1 (High speed) ~ Trip
AC input | 1| x6(101) or — 2y command
x3(108)
\%
>l VTx4
(or VTx5)
Binary 1/0 Module (IQ0#2)
Adixiliany rela
Opt. IF G
or x14 —» Binary output
Ethernet
External IRIG-B LAN I/F
clock »| port Y Phetocoupler
3 Binary input
RS485
Transceiver >
Remote PC
> Remote PC
Human Machine Interface(HMI) Binary /0 Module (I0#3)(*2)
— - Photocoupler
Liquid crystal display x3(104) or Binary input
40charactersx4lines x10(105)
LEDs Operatiofkeys Auxiliary relay
x14(103) or » Binary output
> RS232C | |Monitering jacks x10(105)
Local PC VF
Binary I/O Module (10#4)
Photocoupler
%3 Binary input
Auxiliary relay
x14 » Binary output

(*1): “WO1 required for model 323

108 required for models 216 and 226
(*2): 104 required for model 323

105 required for models 216 and 226

Figure 3.1.1.4 Hardware Block Diagram (Models 216, 226 and 323)
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3.1.2 Transformer Module

The transformer module (VCT module) provides isolation between the internal and external A€
circuits through an auxiliary transformer and transforms the magnitude of AC input signals to suit
the electronic circuits. The AC input signals are as follows:

e three-phase currents (I, Ip and I¢)

e residual current (3 1()

o residual current of parallel line (3 Iom)

e three-phase voltages (Va, Vp and V)

e autoreclose reference voltage (Vg1)

autoreclose reference voltage (Vg2)

Figure 3.1.2.1 shows a block diagram of the transformer module. Theré®are 5 auxiliary CTs
mounted in the transformer module, and 4 or 5 auxiliary VTs depefiding on the relay model. (The
relationship between the relay model and number of AC input sighals, IS given in Table 3.2.1.1.)

"3lom" in Figure 3.1.2.1 is the residual current from the pagdllghline’in a double-circuit line, and is
used for mutual coupling compensation. Vg1 and Vgodare thefbusbar or line voltages necessary for
the voltage and synchronism check for the autoreclose.

The transformer module is also provided with an IREG-Bpert. This port collects the serial IRIG-B
format data from the external clock for synchronizatiomyof the relay calendar clock. The IRIG-B
port is insulated from the external circuit by a photo-cetipler. A BNC connector is used as the input
connector.

Transformef module

3lg” ——

NS
.. | 3% Sral
Vo IE i module
w I 2
w [l 5%
w I3
e I 2E

IRIG-B port
External
clock

BNC connector

Figure 3.1.2.1 Transformer Module
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3.1.3 Signal Processing Module

The signal processing and communication module (SPM) incorporates a signal processing
circuit and a telecommunication control circuit. Figure 3.1.3.1 shows the block diagramel he
telecommunication control circuit is incorporated in the sub-module GCOM.

The signal processing circuit consists of an analog filter, multiplexer, analog to digital (A/D)
converter, main processing unit (MPU1) and memories (RAM and ROM), and executes all kinds
of processing including protection, measurement, recording and display.

The analog filter performs low-pass filtering for the corresponding current and veltage signals.

The A/D converter has a resolution of 16 bits and samples input signals at samipling frequencies
of 2400Hz (at 50Hz) and 2880Hz (at 60Hz).

The MPUI carries out operations for the measuring elements and schemenlogic operations for
protection, recording, displaying and signal transmission control. 4t implements 60 MIPS and
uses two RISC (Reduced Instruction Set Computer) type 32-bitgfigropfocessors.

The telecommunication control circuit consists of MPU2 executing control processing of local
and received data, memories (RAM and ROM), parallel-to=Serial and serial-to-parallel data
converter, and electrical-to-optical and optical-to-eleéttical converter.

The SPM can be provide with Optical interface ox Ethernet LAN interface for serial
communication system.

-al - - -
GCOM 1 LpaMi. [ROM Ethernet [ » Link with Serial
{70 > LANI/F || communication
M v N (Option) [} system
1 <D :
| |MPU2— P/S | E/O +——> Telecommuni-
i — s/p M O/E |« : cation system
N |
——>| Analog filter[->
A/D
¢ . > s| MPU1 | [ |
——>|Analog filter|®|Multiplexer|~ |converter > b
f?“]?)aItOg g P modules
npu
o
o o
RAM ROM
—-—>[Analog filter [> o _
Optical I/F ,Link with Serial
(Option) communication
system

Figure 3.1.3.1 Signal Processing and Communication Module
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3.1.4 Binary Input and Output Module

3.1.4.1101 and 108 Module

101 and IO8 provide a DC/DC converter, binary inputs and binary outputs for tripping.

As shown in Figure 3.1.4.1, the IO1 module incorporates a DC/DC converter, 15 photo-coupler

circuits (BI) for binary input signals and 6 auxiliary relays (TP-A1 to TP-C2) dedicated to the
circuit breaker tripping command.

As shown in Figure 3.1.4.2, the IO8 module incorporates a DC/DC converter {12 photo-coupler
circuits (BI) for binary input signals and 3 auxiliary relays (TP) dedicated%e, the circuit breaker

tripping command. The 12 binary inputs have dedicated positive and negatiyve mputs suitable for
double-pole switching.

The input voltage rating of the DC/DC converter is 24V, 48V, 110V/125 V¥or 220V/250V. The
normal range of input voltage is —20% to +20%.

The six or three tripping command auxiliary relays are the high-speed operation type and have
one normally open output contact.

DC .y | y[Line filter |_»[DC/DC
supply
-) > converter
FG
Photo-coupler
Bl Auxiliary relay
T (high speed) —
__>B| TP-A1 | 1
. l
Binary BI TP-B1 -
input ™ i
signals ! TP-C1l-—- i
(x 15) i I_'_
' TP-A2[ Y
5 |
TP-B2 f----
ol Bl \f
TP-C2[-—\
Figure 3.1.4.1 101 Module

Tripping
command
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108 module O
DC (+) »|Line filter DC/DC
supply (-) converter

FG
Auxiliary relay .
BI (high speed)

N
] [ N\

ing
Binary Bl = %ﬁand
input - |

signals

Y

Photo-coupler

- B o
: @‘D
N
&

N
o
&
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3.1.4.2102 Module

As shown in Figure 3.1.4.3, the IO2 module incorporates 3 photo-coupler circuits (BI) for big
input signals, 14 auxiliary relays (BOs and FAIL ) for binary output signals and an R

transceiver.

The auxiliary relay FAIL has one normally closed contact, and operates when a relay or
abnormality in the DC circuit is detected. Each BO has one normally open contact. BO13 is a
high-speed operation type. ¢

The RS485 is used for the link with serial communication system such as RS Setting and
Monitoring) or IEC60870-5-103 etc. The external signal is isolated from \ internal signal.

102 module Auxiliary relay

BO
Photo-coupler
) Bl
Binary
input » BI
signals Binary
(x 3) » Bl output
signals
(BO x 13,
FAIL x 1)

-485

Link with serial
communication
system such as
RSM or

: IEC103, etc.
\K’\ Figure 3.1.4.3 102 Module

O

Q>®

A
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3.1.4.3103 and 104 Modules

The 103 and 104 modules are used to increase the number of binary outputs.

The 103 module incorporates 10 auxiliary relays (BO) for binary outputs. The 104 mo
incorporates 14 auxiliary relays (BO) for binary outputs and 3 photo-coupler circuits (B
auxiliary relays each have one normally open contact.

D

Auxiliary relay s

N

BO

output

BO signals
B (x 10)
3 1

BO B

BO | B
L_ Binary
, output
signals
(x 14)
BO B

BO NN

Figure 3.1.4.5 104 Module

— 161 —



TOSHIBA 6F2S0834

3.1.4.4105 and 106 Modules

The IO5 and 106 modules are used to increase the number of binary inputs and outputs.

The 105 module incorporates 10 photo-coupler circuits (BI) for binary inputs and 10 auxi
relays (BO) for binary outputs. The 06 module incorporates 7 photo-coupler circuits
binary inputs and 6 auxiliary relays (BO) for binary outputs. All auxiliary relays each
normally open contact.

4
Auxiliary relay
Photo-coupler BO e \%
BI —
= AR,
) ry
Binary » Bl | tput
input : BO signals
signals ? - (x 10)
(x 10) |BI
1 ,|Bl
Q 3.1.4.6 105 Module
| % ; Auxiliary relay
Pﬁot coupler
BO | \l
BO | |
Bl \ Binary
. output
Binary . signals
in @ i i (x 6)
na
X BO [
| Bl )
BO |
. [BI \

Figure 3.1.4.7 106 Module
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3.1.5 Human Machine Interface (HMI) Module

The operator can access the GRZ100 via the human machine interface (HMI) module. As shown
in Figure 3.1.5.1, the HMI module has a liquid crystal display (LCD), light emitting diodes (LED),
view and reset keys, operation keys, monitoring jacks and an RS232C connector on thie frofit
panel.

The LCD consists of 40 columns by 4 rows with a backlight and displays record, status and setting
data.

There are a total of 8 LED indicators and their signal labels and LED colors aredetined as follows:

Label Color Remarks

IN SERVICE Green Lit when relay is in service.

TRIP Red Lit when trip command is issued.

ALARM Red Lit when failure is detected.

TESTING Red Lit when automatic monitoring functionyis off.

LED1 Red Configurable LED to assignsignals with.or without latch when
relay operates.

LED2 Red Configurable LED to assign signals with or without latch when
relay operates.

LED3 Red Configurable LED ta assign'signals with or without latch when
relay operates.

LED4 Red Configurable LED to assign signals with or without latch when
relay gperates.

LEDI1 to LED4 are user-configusabléyEach is driven via a logic gate which can be programmed
for OR gate or AND gate operationgFurther, each LED has a programmable reset characteristic,
settable for instantaneous drep-off,0r for latching operation. For the setting, see Section 4.2.6.10.
For the operation, see Section 4:2.1.

The GRZ100 providesfthetscheme switch [AOLED] which controls whether the TRIP LED is lit
or not by an outputyof alarm element such as THM_ALARM, OV#2 ALARM and
UV=#2 ALARM, etc:

The | VIEW | keystarts the LCD indication and switches between windows. The reset key clears
the LCD indicatien and turns off the LCD backlight.

The gperation™keys are used to display the record, status and setting data on the LCD, input the
setfingsfor change the settings.

The monitoring jacks and two pairs of LEDs, A and B, on top of the jacks can be used while the
test mode is selected in the LCD window. Signals can be displayed on LED A or LED B by
selecting the signal to be observed from the "Signal List" or "Variable Timer List" and setting it in
the Window and the signals can be output to an oscilloscope via the monitoring jacks. (For the
"Signal List" or "Variable Timer List", see Appendix B or C.)

The RS232C connector is a 9-way D-type connector for serial RS232C connection. This
connector is used for connection with a local personal computer.
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3.2
3.2.1

Input and Output Signals

Input Signals

AC input signals

Table 3.2.1.1 shows the AC input signals necessary for each of the GRZ100 models andstheir
respective input terminal numbers. The AC input signals are input via terminal block TB1 for all
models.

For single or double busbar applications, one voltage signal is required fos, voltage and
synchronism check of autoreclose function, while for one-and-ashalf* circuit breaker
arrangements, two voltage signals are required.

Table 3.2.1.1 AC Input Signals

Terminal No. | GRZ100-211, 214, 216, 221, 224, 226 | GRZ100:311,)321, 323
1-2 A phase Current A phase'€urrent
3-4 B phase Current B phase Current
5-6 C phase Current C phase Current
7-8 Residual Current (Protected line) Residual Current (Protected line)
9-10 Residual Current (Parallel lifie) Residual Current (Parallel line)
11-14 A phase Voltage A phase Voltage
12-14 B phase Voltage B phase Voltage
13-14 C phase Voltage C phase Voltage
15-16 Voltage for Autoreg¢lose Voltage for Autoreclose
17-18 Voltage for Autoreclose
20 (earth) (earth)

Binary input signals
Input signals are configurable,and depend on the GRZ100 models. See Appendix G for the default

settings and external connectiori§.

The binary input circuipofithe GRZ100 is provided with a logic level inversion function as shown
in Figure 3.2.1.1. Eachiinput circuit has a binary switch BISW which can be used to select either
normal or inverted ‘@peration. This allows the inputs to be driven either by normally open or
normally closed{contact.

If a signal isget,input, the function concerned is disabled.

Furthethall ‘binagy input functions are programmable by PLC (Programmable Logic Controller)
fungtion.

Theydéfaultsetting of the binary input is shown in Table 3.2.2.

The operating voltage (pick-up) of binary input signal is typical 74V DC at 110V/125V DC rating
and 138V DC at 220/250V DC. The minimum operating voltage is 70V DC at 110/125V DC
ratifig and 125V DC at 220/250V DC.
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Table 3.2.1.2 (a) Default Binary Input Allocation of Model 211B, 221B

Mbdul e Setting
O Contents Signal No. & Signal Name Norm or_Inv
[ G#1 Bl1 |CB AUXILIARY CONTACT - A Ph 1536 [CB1_ CONT-A
Bl 2 (B AUXI LI ARY OONTACT - B Ph 1537 [(B1_QINI-B
B3 |CB AUXILIARY CONTACT - C Ph 1538 |CB1_COONT-C
Bl 4 TRANSFER TRIP 1 (3-PHASE TRI P) 1724 |TR1_3PTP
Bl 5 Z1X TN TIATI ON 1540 [ZIX INIT
Bl 6 EXTERNAL. MOCB TRI P 1541 |EXT VIF
BL7 DI SCONNECTCR NORMALLY CPEN CONTACT | 1542 [DS_N/O OONT
Bl 8 |DI SCONNECTOR NCRMALLY CL.CBE CONTACT| 1543 [DS_N/C CONT Yy
Bl 9 CARRI ER PROTECTT ON BLOCK 1615 |CRT BLOCK See the Wsetting
Bl 10 |CB READY FOR AUTCRECLCBE 1545 |CB1_READY in Relayfsetd sheet
Bl 11 [Spare Spare
Bl 12 |BLOK AUTCRECLCSE 1544 |ARC BLOCK
Bl 13 |I NDI CATI ON_RESET 1548 |I ND. RESET
Bl 14 |MAIN PROTECIT ON TRI P 1549 |M-PROT_TRI P
Bl 15 |MAIN PROTECTT ON I N SERVI CE 1550 |M-PROT_ON
I (#2 Bl 16 |EXTERNAL TRIP - A Ph 1552 |EXT TRI P-A
Bl 17 |EXTERNAL TRIP - B Ph 1553 |EXT_TRI P-B
Bl 18 |EXTERNAL TRIP - C Ph 1554 [EXT_TRI P-C
Table 3.2.1.2 (b) Default Binary Input Alloc odel 214B, 224B
Mbdul e Setting
Name Bl No. Contents Norm or Inv
j§e:31 Bl 1 CB AUXI LI ARY OONTACT - A Ph
Bl2 |CB AUXILIARY CONTACT - B Ph
BL 3 CB AUXI LI ARY OCONTACT - C Ph
Bl4 |TRANSFER TRIP 1 (3-PHASE TRIP)
Bl 5 TRANSFER TRIP 2 (3-PHASE TRIP)
Bl 6 EXTERNAL MOCB TRI P VIF
BL7 DI SCONNECTOR_ NCRVALLY OPEN CONT. DS_N/O CONT
BI8 |DI SCONNECTCR NCRMALLY CLCBE CONPACI DS_N/C_CONT
B9 CARRI ER PROTECTT ON_BLOCK CRT_BLOCK
BI 10 I NDI CATI ON RESET I ND. RESET
Bl 11 |BLOXK PROIECTI ON PROT_BLOCK See the BISWsetting
Bl12 [Z1X IN TIATI ON 1540 |ZIX INIT in Relay setting sheet
12 Bl 16 |EXTERNAL TRIP - A Ph 1552 |EXT_TRI P-A
Bl 17 [EXTERNAL TRIP - B Ph 1553 |EXT_TRI P-B
Bl18 [EXTERNAL TRIP - C 2 1554 |EXT _TRI P-C
1 (#3 Bl 19 [BLOXK I DMl OVERCUE @"A QI'ECTT ON 1595 |0d _BLOCK
Bl 20 |BLOXK I DMI' EARTH OI'ECTT ON 1597 |EFI _ BLOCK
Bl 21 [BLOCK OVER 1594 |OC BLOCK
Bl 22 |BLOXK D 1598 |DEF_ BLOCK
Bl 23 |BLOCK E 1603 |EXTTP_BLOCK
Bl 24 [BLOX S 1592 |STUB_ BLOCK
Bl 25 |BLOCK 1593 |SOIF_BLOCK
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Table 3.2.1.2(c)Default Binary Input Allocation of Model 216B, 226B

Mvdul e Setting
Name Bl No. Contents Signal No. & Signal Name Norm or_Inv
1 Gil Bll |CB AUXILIARY CONTACT - A Ph 1536 |CBL_CONT-A
Bl2 |CB AUXILIARY CONTACT - B Ph 1537 [(BL_CONT-B
BI3 |CB AUXILIARY CONTACT - C Ph 1538 [CBL_CONT-C
Bl4  [TRANSFER TRIP 1 (3-PHASE TRIP) 1724 |TRL_3PTP
BI5 [TRANSFER TRIP 2 (3-PHASE TRIP) 1725 [TR2_3PTP
BI6 [EXTERNAL MOCB TRI P 1541 [EXT VIF
BI7  |DI SCONNECTOR NORMALLY CLCSED 1542 |DS_N/O CONT
BI8  [DI SCONNECTOR NORMALLY CPEN 1543 |DS_N/C_CONT s
B9 |CARRI ER PROTECIT ON BLOCK 1615 |CRT BLOK
Bl 10 [T NDI CATI ON RESET 1548 |IND. RESET
Bl 11 [BLOK PROTECIT ON 1584 [PROT BLOCK
Bl12 [Z1X INTIATI ON 1540 [ZIX INLT
1 (42 Bl 16 |EXTERNAL TRIP — A Ph 1552 |EXT TRI P-A
Bl 17 [EXTERNAL TRIP - B Ph 1553 |EXT TRI P-B t SWsetting
Bl 18 [EXTERNAL TRIP - C Ph 1554 [EXT TRIP-C n setting sheet
1 G#3 Bl 19 [BLOK I DMI' OVERCURRENT PROTECIT ON | 1595 |OO _BLOXK
Bl20 |BLOCK I DMI' EARTH FAULT PROTECTI ON | 1597 |EFI_BLOCK
Bl 21 [BLOOK OVERCURRENT PROTECTT ON 1594 [OC BLOXK
Bl 22 [BLOCK DEF PROTECII ON 1598 |DEF_BLOK
Bl 23 |BLOCK EXTERNAL TRI P 1603 |EXTTP_BLOCK
Bl24 |BLOCK STUB PROTECTI ON 1592 [STUB_BLOCK
Bl25 |BLOCK SOIF PROIECTI ON 1593 [SOITF_BL
Bl 26 |BLOCK AUTORECLCBE 1547 [ARC BL!
BI27 |(B READY FOR AUTCRECLCSE 1545 [(BL_
BI28 |BLOOK (B FAIL PROTECII ON 1601

1 G4 Bl 34 [Spare
B35 |Spare
Bl 36 [Spare

cation of Model 311B, 321B

Setting
1 No. & Signal Name Norm or Inv
OB1_AQONT-A
CBL_CONT-B
Bl_QNI-C
TR1_3PTP
ZIX INLT
EXT_VIF
DS_N/O CONT
DS_N/C CONT
(RT_BLOCK See the BISWsetting
(B1_READY in Relay setting sheet
CB2_READY
ARC BLOK
[ ND. RESET
M-PROT_TRI P
M-PROI ON
EXT_TRIP-A
EXT_TRI P-B
EXT_TRIP-C

Mdul e
Name
[§€:31
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Table 3.2.1.2(e)Default Binary Input Allocation of Model 323B

*) )

Modul e Setting
Name BN Contents Signal No. & Signal Name Norm or Inv
1 Gl Bl1 [BI AUXILIARY GONTACT — A Ph 1536 |(B1_ GONT-A
Bl2 [ABl AUXILIARY GONTACT — B Ph 1537 |B1_ ONI-B
B3 |@Bl AUXILIARY GONTACT - C Ph 1538 |B1_ CNI-C
Bl4 |TRANSFER TRIP 1 (3-PHASE TRIP) 1724 |TR1_3PTP
BI5 [Z1X IN TTATI ON 1540 |ZIX INT
Bl 6 |EXTERNAL MOB TRI P 1541 |EXT VIF
Bl 7 |DISCONNECTCR NCRVALLY (PEN CONTAC] 1542 |[DS_N/Q GONT
B8 |DISCONNECTCR NCRVALLY A.GBE GONTA( 1543 |DS_N/C GINT
Bl9 |CARRIER PROIECII (N BLOXK 1615 |(RT_BLOXK L 2
Bl 10 |@Bl READY FCR AUTCREA.CSE 1545 |B1_READY
Bl 11 |@B2 READY FOR AUTCREA.GBE 1546 |(B2_ READY
Bl 12 |BLOXK AUTCREA.CFE 1544 |ARC BLOXK et etting
Bl 13 |I NDI CATI ON RESET 1548 |IND. RESET in ay s, ng sheet
Bl 14 |[MALN PROIECIT ON TRI P 1549 [IM-PROL_TRI P
Bl 15 |MAN PROIECIT ON I N SERVI (E 1550 |M-PROT” ON
1 G2 Bl 16 |EXTERNAL TRIP - A Ph 1552 |[EXT TRI P-A
Bl 17 |EXTERNAL TRIP — B Ph 1553 |EXT. TR P-B
Bl 18 |EXTERNAL TRIP — C Ph 1554 |[EXT TRIP-C
143 BI19 |(B2 AUXI LIARY GONTACT - A Ph 1552 |32 GONT-A
Bl 20 |82 AUXI LI ARY GONTACT - B Ph 1553 |32 OONT-B
Bl21 |32 AUXILIARY CONTACT = C Ph 1554 |32 CONI-C
[ G#4 Bl 34 |Spare
B35 |[Spare
Bl 36 [Spare
Signal No.
BI1 [BISW1] @ BI1 command i Protection
— | schemes

BI2

Bin

B .

Figure 3.2.1.1 Binary Input Circuit

nput signals of circuit breaker auxiliary contact are transformed as shown in Figure
se in the scheme logic.
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BI1_command —>[fi536] CB1 CONTA || ]
1 & 2101
BI2_command —>|fi537] CB1_CONT-B || * CB-AND
BI3_command —> [1538] CB1_CONT-C ||
Default settin 102
[ gl >1 -$ CB-OR
& ! }3 8 ——CB-DISCR
& >1
[
&

Figure 3.2.1.2 Circuit Breaker Signals Transformation

3.2.2 Binary Output Signals

The number of binary output signals and theiggoutput terminals vary depending on the relay
models. For all models, all outputs except the gripping command and relay failure signal can be
configured.

The signals shown in the signal list in Appgndix{B,can be assigned to the output relay individually
or in arbitrary combinations. Signalsfcan, becombined using either an AND circuit or OR circuit
with 6 gates each as shown in Figute 3.242.1. The output circuit can be configured according to the
setting menu. Appendix D show§thefactory default settings.

A 0.2s delayed drop-off timer cambe attached to these assigned signals. The delayed drop-off time
is disabled by the scheme switch/BOTD].

In the external communication, a binary output is required for signal transmission. The
transmission signal is assigned40 BO13 of 102 by the binary output setting.

The relay failure confagt closes the contact when a relay defect or abnormality in the DC power
supply circuit is detegted:

BOTD
SignakList i
f E & 0 Auxiliary relay
Appendix B 3 |6 GATES —
oT 0.2s :
—>1 B
= 6 GATES

Figure 3.2.2.1 Configurable Output
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3.23 PLC (Programmable Logic Controller) Function

GRZ100 is provided with a PLC function allowing user-configurable sequence logics on b
signals. The sequence logics with timers, flip-flops, AND, OR, XOR, NOT logics, et n be
produced by using the PC software “PLC tool” and linked to signals corresponding@y
elements or binary circuits.

Configurable binary inputs, binary outputs and LEDs, and the initiation trigger of digurbance
record are programmed by the PLC function. Temporary signals are provided,for complicated
logics or for using a user-configured signal in many logic sequences.

\ er to PLC tool

PLC logic is assigned to protection signals by using the PLC tool. For PL
instruction manual.

¥y PLGOD3 — PLGtool
FilefF) Edit(E)  View()
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i 0 -
y e
Ee
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\:igure 3.2.3.1 Sample Screen of PLC Tool

Q>®
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3.3 Automatic Supervision
3.3.1 Basic Concept of Supervision

Though the protection system is in non-operating state under normal conditions, it is waiting for a
power system fault to occur at any time and must operate for the fault without fail. Therefere, the
automatic supervision function, which checks the health of the protection system during normal
operation, plays an important role. The numerical relay based on the microprocessor operations is
suitable for implementing this automatic supervision function of the protection system. The
GRZ100 implements the automatic supervision function taking advantage of this feature based on
the following concept:

e The supervising function should not affect protection performance.
e Perform supervision with no omissions wherever possible.
e When a failure occurs, it should be able to easily identify the loeation of the failure.

Note: Automatic supervision function includes automatic monitor fufigtion and automatic test
function. For the terminology, refer to IEC IEV 448,

In a fault during automatic testing, the tripping outputs,are’blocked for approximately 100 ms.

3.3.2 Relay Monitoring and Testing
The following items are supervised:

AC input imbalance monitoring

The AC voltage and current inputs’are, monifored to check that the following equations are
satisfied and the health of the AC dnputeircuits is checked.

e Zero sequence voltage menitosing
[Va+ Vb + V| /3 206.350Y)
e Negative sequenée voltage monitoring
IVa + a*Vp - aV W32 6.35 (V)
where,
a = Phase shifter of 120°
e Zero seguefice current monitoring
Tag o Ic —In| /3 2 0.1 x Max([Tal, [Tb, [Ic[) + ko
where,
In =Residual current
Max(|Ia], [Ib|, [Ic[) = Maximum amplitude among I, I, and I,
ko = 5% of rated current

These zero sequence monitoring and negative sequence monitoring allow high sensitivity
detection of failures that have occurred in the AC input circuits.

The negative sequence voltage monitoring allows high sensitivity detection of failures in the
voltage input circuit, and it is effective for detection particularly when cables have been connected
with the incorrect phase sequence.

The zero sequence current monitoring allows high sensitivity detection of failures irrespective of
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the presence of the zero sequence current on the power system by introduction of the residual
circuit current.

Only zero sequence monitoring is carried out for the current input circuit, because zero sequé€nce
monitoring with the introduction of the residual circuit current can be performed with_higher
sensitivity than negative sequence monitoring.

A/D accuracy checking

An analog reference voltage is input to a prescribed channel in the analog-to-digital (A/D)
converter, and it is checked that the data after A/D conversion is within a prescribéd range and that
the A/D conversion characteristics are correct.

Memory monitoring

The memories are monitored as follows depending on the type of the miemonyfand checked that the
memory circuits are healthy:

e Random access memory monitoring: Writes/reads prescribedadata and checks the storage

function.
e Program memory monitoring: Checks the che¢ksym walue of the written data.
e Setting value monitoring: Checks discrepancy between the setting values stored

in dupli€ate.

Watch Dog Timer

A hardware timer which is cleared periodically‘by software is provided and it is checked that the
software is running normally.

DC Supply monitoring

The secondary voltage level of the built-in DC/DC converter is monitored and checked that the
DC voltage is within a prescribed range.

3.3.3 CT Circuit Current Monitoring
The CT circuit is monitoted to*€heck that the following equation is satisfied and the health of the
CT circuit is checkeds
Max(|Lal, [Toh, [Ic]) — 4 x Min([Ial, [Ty, [Icl) = ko
where,

Max({14], [Ib|, [Ic[) = Maximum amplitude among I, I, and I,
Min@la|, |Ip/, |I¢|) = Minimum amplitude among I, I, and I,
ko= 20% of rated current

The C,gircuit current monitoring allows high sensitivity detection of failures that have occurred
in the AC input circuit. This monitoring can be disabled by the scheme switch [CTSV].

3:3.4 Signal Channel Monitoring for Integral Digital Communication

Signal channel monitoring

If a failure occurs or noise causes a disturbance in the communication channel, it may interrupt the
data transmission or generate erroneous data, thus causing the relay to operate incorrectly.

The GRZ100 detects data failures by performing a cyclic redundancy check and a fixed bit check
on the data. The checks are carried out for every sampling.
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If a data failure occurs between the local terminal and remote terminal 1 and lasts for ten seconds,
failure alarms "Coml fail" and "Coml fail-R" are issued at the local and remote terminal§
respectively. "Coml fail" is a failure detected by the local terminal relay, and "Coml fail-R"4§%
failure detected by the remote terminal relay. If the failure occurs between the local terminalland
remote terminal 2, "Com2 fail" and "Com?2 fail-R" are issued.

Note: The remote terminal 1 and 2 are those with which the local communication¥pert 1
(CH1) and 2 (CH2) are linking with.

In the case that the GRZ100 is linked directly to a dedicated optical fiber communicatiof circuit,
sending and receiving signal levels are monitored and error messages "TX1 lg¥€lerr" of CHI or
"TX2 level err" of CH2 for sending signal and "RX1 level err" of CHI1 or®RX2devel err" of CH2
for receiving signal are output when the levels fall below the minimum allowed.

In the communication setup in which the GRZ100 receives the clock signal fiom the multiplexer,
an error message "CLK1 fail" of CH1 or "CLK2 fail" of CH2 is“eutput' when the signal is
interrupted.

Note: Messages "Com?2 fail", "RX2 level err", "TX2 level € and "CLK2 fail" are valid
in three-terminal applications.

If the failure lasts for ten seconds, a communication failurg alarmwis issued.
The output blocking ceases instantly when the failure recowvers.

If the failure is a severe CF (Communication Failute) S@eh that the remote terminal signal cannot
be received at all, the command protection ¢an beyblocked by setting the scheme switch
[SCFCNT] to “BLK”.

Communication channel delay time monitofing

The channel delay time is measured atjthe re€eiving end. If the time exceeds the timer TDSV
setting, an alarm is issued.

3.3.5 Signal Channel Monitoringand,Iesting for External Communication

Signal channel monitoring

In the PUP, POP or UORyschemi€s, when a trip permission signal is received consecutively for 10
seconds, this is considered to be an error of the signal channel and an alarm is issued. When the
signal modulation‘i§a frequency shift method, if neither the trip permission signal nor the guard
signal can be recgivedafm alarm of "Ch-R1. fail" and/or "Ch-R2. fail" is issued.

Signal chanpehtesting

In the®BOP)&cheme, the signal circuit including the remote end is automatically tested at a
preséribed time interval. Testing commences when a signal is transmitted from the local to remote
end. When the remote end receives the signal, it returns the signal on condition that there is no
faultéon the power system. The terminal which is carrying out the testing checks that the
transmission path is healthy by receiving the return signal from the remote end within a prescribed
time after the carrier signal is transmitted from the local end.

If the signal cannot be received after the prescribed time, an alarm signal of SIGNAL CHANNEL
FAILURE is generated and a message "Remote 1 fail" and/or "Remote 2 fail" is displayed on the
LCD when manual testing.

To start the channel testing, the switch [CHMON] is set to "ON" and set the channel test interval.
The channel test interval can be set from 1 to 12 hours. And then, the OR logic output of the signal
No0.225:EXT CAR-S and the signal No.252:SBT is assigned the binary output BO13 of 102.

Note 1: The time count for test interval is initialized when manual test is started or DC supply is turned on.
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Note 2: Under any of the following conditions, the signal channel test does not start.

e BOP is not selected as the protection scheme.

e Telecommunication equipment is out-of-service.
e Scheme switch [CHMON] is set to "Off".

e Undervoltage elements operate.

e Circuit breaker is open.

3.3.6 Relay Address Monitoring

In applications where the telecommunication channel can be switched, it is pessible that the data
could be communicated to the wrong terminal. To avoid this, the relay address,can be assigned and
monitored at each terminal to check that the data is communicated to the ¢orgect terminal.

The different address must be assigned to a relay at each terminal.

The monitoring is enabled by setting the scheme switch [RYIDSViito "ON".

3.3.7 Disconnector Monitoring

The disconnector is monitored because a disconnectorycontact signal is used for the stub fault
protection in a one-and-a-half circuit breaker arrangément.

To monitor the disconnector, one pair of normally, opén contact and normally closed contact is
introduced. Disconnector failure is detected whien both contacts are simultaneously in the open or
closed state for a prescribed period.

Monitoring is blocked by setting themschemie switch [LSSV] to "OFF". Default setting of the
[LSSV] is "OFF" to prevent a false failure detection when the disconnector contacts are not
introduced.

3.3.8 Failure Alarms

When a failure is detected by thefautomatic supervision, it is followed with an LCD message, LED
indication, external alarm andsevent recording. Table 3.3.8.1 summarizes the supervision items
and alarms.

The alarms are retammed until the failure has recovered.

The alarms can be disabled collectively by setting the scheme switch [AMF] to "OFF". The setting
is used to bloek unneCessary alarms during commissioning, test or maintenance.

When the Watch/Dog Timer detects that the software is not running normally, LCD display and
evenfrecording of the failure may not function normally.
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Table 3.3.8.1 Supervision Items and Alarms

Supervision item LCD message LED LED External Event record message
"IN SERVICE" "ALARM" alarm
AC input imbalance
monitoring
A/D accuracy check (1 off on (3) Relay fail
Memory monitoring
Watch Dog Timer — off on (3) —
DC supply monitoring — off 2) 3) Relay fail-A (2)
Signal channel monitoring for Comm.1 fail / €omm.1 fail /
integral communication Comm.2 fail on on ) Comm.2 fail
(receive) Comm.1 fail-R / Comm.1 fail-R /
Ditto (send) Comm.2 fail-R Comm.2 fail-R
Channel delay time monitoring Td1 over/ off on (4) Td1 over/
for integral communication Td2 over Td2 over
Signal channel monitoring for Ch-R1. fail / on on 4) Ch-R1. fail /
external communication Ch-R2. fail Ch-R2. fail
Sampling Synchronization Sync. 1 fail on  § (4) Sync. 1 fail
monitoring Sync. 2 fail (*) Sync. 2 fail (*)
Send signal level monitoring TX 1 level err Relay fail
TX 2 level err (*) on g 4)
Receive signal level RX 1 level err —
monitoring RX 2 level err (*) on off (4)
Clock monitoring CLK. 1 fail —
CLK. 2 fail (* on off (4)
Ready signal monitoring Term. 1 rdy off A on (4) Term. 1 rdy
Term. 2 rdy off (*) Term. 2 rdy (¥)
Relay address monitoring RYID1 err / RYID2 erg off on (4) RYID1 err / RYID2 err
Disconnector monitoring DS fail on on (4) DS fail
VT monitoring VT fail on on (4) VTF

3.3.9

(*) In case of three-terminal'lifie application

(1) There are varigus messages such as "-*-err" and "*-fail "as shown in the table in Section 6.7.2.
(2) It depends on the'degree of voltage drop.

(3) The binagy output relay "FAIL" operates.

(4) The user configurable binary output relays operate if assigned.

Trip Blocking
When afailure,is’detected by the following supervision items, the trip function is blocked as long
as the failuréyexists and is restored when the failure is removed:
e A/D accuracy checking
e Memory monitoring
e Watch Dog Timer
e DC supply monitoring

The trip function is valid when a failure is detected by tripping output monitoring or disconnector
monitoring.

When a failure is detected by AC input imbalance monitoring or CT circuit current monitoring, the
scheme switch [SVCNT] or [CTSV] setting can be used to determine if both tripping is blocked
and an alarm is output, or, if only an alarm is output. The CT circuit current monitoring can be
disabled by the [CTSV].
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When a failure is detected by relay address monitoring in integral digital communication, a
command protection is blocked.

3.3.10 Setting

The setting elements necessary for the automatic supervision and their setting ranges are showa'in

the table below.

Element Range Step Default Remarks

[LSSV] OFF/ON OFF Disconnector'monitofing

[SVCNT] ALM&BLK/ALM ALM&BLK Alarming andfer,blocking selection

[RYIDSV] OFF/ON ON Relay address supervision

RYID 0-63 0 Localrelay address

RYID1 0-63 0 Rémote 1°relay address

RYID2 0-63 0 Remote 2 relay address

[SCFCNT] BLK/Trip Trip Command protection trip control
under severe CF

TDSV 100-16,000p1s 6000Ls Channel delay monitoring

Chann 1-24 hours 1 hour 8thours Signal channel testing interval for
external communication

[CTSV] OFF/ALM&BLK/ OFF CT circuit monitoring

ALM

Setting of RYID, RYID1 and RYID2

Relay address number must takeéya different number at each terminal. If the relay address
monitoring switch [RYIDSV] isOFRY, their settings are ignored. The RYID?2 setting is enabled
by setting the [TERM] to "3TERM"\6r “Dual”.

Two-terminal application Setgthe local relay address number to RYID and the remote relay
address number to RYID1. The RYIDI is equal to the RYID of the
temote relay. See Figure 3.3.10.1. In “Dual” setting, the RYID2
setting must be the same as the RYID1 setting.

Three-terminalg@pplication: Set the local relay address number to RYID and the remote relay 1
address number to RYID1 and the remote relay 2 address number to
RYID2. The RYID1 is equal to the RYID of the remote 1 relay and
the RYID2 equal to the RYID of the remote 2 relay. See Figure
3.3.10.1.
Note: The remote 1 relay is connected by CH1 and the remote 2 relay by CH2.
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RYID=0
RYID1=1

RYID=0
RYID1=1
RYID2=1

RYID=0
RYID1=1
RYID2=2

Terminal A Terminal B
CH1 CH1
CH2 CH2

RYID=1
RYID1=0

Communication port

(a) Two-terminal Application

Terminal A Terminal B

CH1

CH2

(b) Two-terminal Application (Dual)

Terminal A

CH1

CH2

( e-
Figl.\o.1 Relay Address Setting

RYID=1
RYID1=2
RYID2=0

C)O
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3.4 Recording Function

The GRZ100 is provided with the following recording functions:
Fault recording
Event recording
Disturbance recording

These records are displayed on the LCD of the relay front panel or on the local or remote PC.

3.41 Fault Recording

Fault recording is started by a tripping command of the GRZ100, a tripping command of the
external main protection or PLC command by user setting (max. 4) ‘and the"following items are
recorded for one fault:

Date and time of fault occurrence

Faulted phase

Tripping phase

Tripping mode

Fault location

Relevant events

Power system quantities
Up to 8 most-recent faults are stored as¥ault tecords. If a new fault occurs when 8 faults have been
stored, the record of the oldest fault'is deleted and the record of the latest fault is then stored.
Date and time of fault occurrence
The time resolution is 1 ms usinggheyelay internal clock.
To be precise, this is thegtime,at*which a tripping command has been output, and thus it is
approximately 10 ms &fter'the o¢currence of the fault.
Fault phase

The faulted phasgsis displayed when tripping by a distance measuring element. The fault phase is
determined by the "fault phase detection logic". However, the fault phase depends on the setting of
the phase seleetiotmelement UVC.

In casefef thedripping by a backup protection, the fault phase is not displayed and the "---" marked
is digplayed:
Tripping phase

This is the phase to which a tripping command is output.
Tripping mode
This shows the protection scheme that outputted the tripping command.

Fault location

The fault location is displayed against the fault within the protected line tripped by a distance
measuring element. The distance to the fault point calculated by the fault locator is recorded.

The distance is expressed in km and as a percentage (%) of the line length. In three-terminal
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application, however, the measurement result is expressed as a fault section instead of a
percentage.

For the fault locator, see Section 2.8.3

Relevant events

Such events as autoreclose, re-tripping following the reclose-on-to-a fault or autoreclose and
tripping for evolving faults are recorded with time-tags.

Power system quantities

The following power system quantities in pre-faults and post-faults arewecordéd. The pre-fault
power system quantities are values at 10 seconds before tripping.

(However, the power system quantities are not recorded for evolving faults:)

- Magnitude and phase angle of phase voltage (Va, Vb, V¢)

- Magnitude and phase angle of phase-to-phase voltage (Vabh#™Vie, Vca)

- Magnitude and phase angle of symmetrical component voltage (V1, V2, V()

- Magnitude and phase angle of phase voltage for autoreclosei(Vs1, Vs2)

- Magnitude and phase angle of phase current (I, Ihc)

- Magnitude and phase angle of phase-to-phase eurrent(lap, lpc, Ica)

- Magnitude and phase angle of symmetrical«€omponent current (11, I2, 1p)

- Magnitude of parallel line zero sequence,curtent (I0m)

- Resistive and reactive component of phase impedance (R, Rp, R, Xa, Xb, Xc)

- Resistive and reactive compomnent of phase-to-phase impedance (Rap, Rbc, Rea, Xab, Xbe,
Xca)
- Percentage of thermal capacity, (THM%)

Phase angles above are expressed taking that of positive sequence voltage as a reference phase
angle. Phase impedance and phase-to-phase impedance are the ones seen by the reactance
elements.
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3.4.2 Event Recording

The events shown are recorded with a 1 ms resolution time-tag when the status changes. The usér
can set a maximum of 128 recording items, and their status change mode. The event items can be
assigned to a signal number in the signal list. The status change mode is set to “On” (onl¥
recording On transitions) or “On/Off”’(recording both On and Off transitions) mode byisetting.
The “On/Off” mode events are specified by “Bi-trigger events” setting. If the “Bi-trigger events”
is set to “100”, No.1 to 100 events are “On/Off” mode and No.101 to 128 events are “On” mode.

The name of an event cannot be set on LCD. It can set only by RSM100. Maximum 22 characters
can be set and can be viewed on both of the LCD and RSM Setting(view) s€reet-\But the LCD
screen of event record displays only 11 characters. Therefore, it is recommended thé maximum 11
characters are set.

The elements necessary for event recording and their setting ranges age showa in the table below.
The default setting of event record is shown in Appendix H.

Element Range Step Default Remarks
BITRN 0-128 1 100 Number ofibi-trigger(on/off) events
EV1-EV128 0-3071 Assign the'signal number

Up to 480 records can be stored. If an additional gwent oceurs'when 480 records have been stored,
the oldest event record is deleted and the latest gventyrecord is then stored.

3.4.3 Disturbance Recording

Disturbance recording is started whemgevercurrent or undervoltage starter elements operate or a
tripping command is output, or PL€ command by user-setting (max. 4) is outputted. The records
include 8 analog signals (Va, Vi, Vesda, Ib, Ic, 310, 310m), 32 binary signals and the dates and
times at which recording started. Any bimary signal in shown in Appendix B can be assigned by
the binary signal setting of disturbance record. The default setting of binary signal is shown in
Appendix H.

The name of binary signal €an b&set only by RSM100. Maximum 22 characters can be set and can
be viewed on both of the,LED*and RSM Setting(view) screen. But the waveform data analysis
screen of disturbancestecordidisplays up to 11 characters of them. Therefore, it is recommended
the maximum 11 charactess are set.

The LCD display only, shows the dates and times of the disturbance records stored. Details can be
displayed on_a ‘BC. For how to obtain disturbance records on the PC, see the PC software
instruction manual.

The pre-fault fé€ording time is fixed at 0.3s and the post-fault recording time can be set between
0.Fand@B.0s and the default setting is 1.0s.

The mumber of records stored depends on the post-fault recording time and the relay model. The
typical number of records stored in SO0Hz and 60Hz power system is shown in Table 3.4.3.1.

Note: If the recording time setting is changed, the records stored so far are deleted.

Table 3.4.3.1 Post Fault Recording Time and Number of Disturbance Records Stored

Recording time 0.1s 0.5s 1.0s 1.5s 2.0s 2.5s 3.0s
50Hz 40 25 15 12 8 7 6
60Hz 40 20 12 9 7 6 5
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Settings
The elements necessary for initiating a disturbance recording and their setting ranges are shown in
the table below.
Element Range Step  Default Remarks 0
Timer 0.1-3.0s 01s 10s Post-fault recording time
OCP-S 0.5-250.0A 01A 10.0A Overcurrent detection (phase fault)
(0.1-500A 01A 20A)(" ¢
OCP-G 0.5-250.0A 01A 50A Overcurrent detection (earth fault) %
(0.1-50.0A 01A 1.0A) \
UVP-S 0-132V 1V 88V Undervoltage detection (ph
UVP-G 0-76 V 1V 51V Undervoltage detection (e ault)

for the case of a SA rating.

(*) Current values shown in the parentheses are for the case on . Other current values are

Starting the disturbance recording by a tripping co an@starter elements listed above is
e i

enabled or disabled by setting the following scheme s
elements except the switch [TRIP].

Element Range Step  Default
TRIP OFF/ON ON
OCP-S OFF/ON 0
OCP-G OFF/ON N
UVP-S OFF/ON ON

UVP-G OFF/ON

$

O
Q>®

L 4

&

dentical names with the starter

emarks

Start by tripping command
tart by OCP-S operation
Start by OCP-G operation
Start by UVP-S operation
Start by UVP-G operation
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3.5 Metering Function

The GRZ100 performs continuous measurement of the analog input quantities. The currents@nd
voltages at remote terminals can be also displayed. The measurement data shown below is updated
every second and displayed on the LCD of the relay front panel or on the local or remotefPC.

[Local terminal]

- Magnitude and phase angle of phase voltage (Va, Vb, V)

- Magnitude and phase angle of phase-to-phase voltage (Vab, Vbe, Vea)

- Magnitude and phase angle of symmetrical component voltage (V1, 42, Vig)
- Magnitude and phase angle of phase voltage for autoreclose (Vg1, Ve2)

- Magnitude and phase angle of phase current (I, Ip, I¢)

- Magnitude and phase angle of phase-to-phase current (Igp, Ipg, Ica)

- Magnitude and phase angle of symmetrical component curtent (1957, 1)

- Magnitude of parallel line zero sequence current (I0m)

- Percentage of thermal capacity (THM%)

- Active power and reactive power (P, Q)

- Frequency

- Telecommunication delay time 1 at the remote terminal 1

- Telecommunication delay time 2 at the remotettemminal 2

[Remote terminal 1]

- Magnitude and phase angle of phase voltage (Va1, Vb1, Vcl)

- Magnitude and phase angle of phase-to-phase voltage (Vab1, Vbel, Veal)

- Magnitude and phase angle of,symmetrical component voltage (V11, V21, V01)
- Magnitude and phase anglefofiphase current (I51, Ip1, Ic1)

- Magnitude and phase angle @f phase-to-phase current (Iap1, Ibc1, Ical)

- Magnitude and phase ‘angle jof symmetrical component current (I11, [21, I91)
[Remote terminal 2]

- Magnitude and‘phaséangle of phase voltage (Va2, Vb2, Vc2)

- Magnitude @nd phase angle of phase-to-phase voltage (Vab2, Vbc2, Vca2)

- Magnitude,andsphase angle of symmetrical component voltage (V12, V22, V(2)
- Magnitude and phase angle of phase current (132, [p2, 1c2)

- 4#Magnitude and phase angle of phase-to-phase current (Iap2, Ihc2, Ica2)

- “§Magnitude and phase angle of symmetrical component current (112, 122, [92)

Phase angles above are expressed taking the positive sequence voltage as a reference phase angle,
where leading phase angles are expressed as positive, (+).

The above system quantities are displayed in values on the primary side or on the secondary side
determined by the setting. To display accurate values, it is necessary to set the CT ratio and VT
ratio as well. For the setting method, see "Setting the line parameters" in 4.2.6.7.

The signing of active and reactive power flow direction can be set positive for either power
sending or power receiving. The signing of reactive power can be also set positive for either
lagging phase or leading phase. For the setting method, see 4.2.6.6.
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4. User Interface

4.1 Outline of User Interface

The user can access the relay from the front panel.

Local communication with the relay is also possible using a personal computer (PC) via an
RS232C port. Furthermore, remote communication is also possible using RSM (Relay Setting and
Monitoring), [IEC103 communication via an RS485, optical fibre or Ethernet A Neetc.

This section describes the front panel configuration and the basic configuration,ofithie menu tree of
the local human machine communication ports and HMI (Human Machific Interface).

411 Front Panel

As shown in Figure 4.1.1.1, the front panel is provided with a liquidhcrystal display (LCD), light
emitting diode (LED), operation keys, view and reset keysjymonitoring jack and RS232C
connector.

® TOSHIBA DISTANGE, RROTECTION

MENU

1=Record 2="Status r LCD
3=Setting(view) 4=Setting(change)

5=Test

00 IN SERVICE oW

O JRIP ~

@ ALARM

LED [ TESEING

u}

0 [~

o &

0

e GRZ100

Ilohdlel 204B-21-10

» .

Ll Operation
Yde 100/110/115/120V @ keys

Monitoring
jack R e

a

RS232C |\ —
connector, ® L

Figure 4.1.1.1 Front Panel

LCD

The LCD screen, provided with a 4-line, 40-character back light, provides the user with detailed
information of the relay interior such as records, status and setting. The LCD screen is normally

unlit, but pressing the | VIEW | key will display the digest screen and pressing any key other than
(VIEW ) and (RESET) will display the menu screen.

These screens go OFF by pressing the | RESET | key or key. Leaving any display without
operation for 5 minutes or more causes the back light to go OFF.
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LED

There are 8 LED displays. The signal labels and LED colors are defined as follows:
Label Color Remarks
INSERVICE ~ Green Lit when the relay is in service.
TRIP Red Lit when a trip command is issued.
ALARM Red Lit when a failure is detected.
TESTING Red Lit when disabling automatic monitoring function and operating a binary

output forcibly, efc..

LED1 Red Configurable LED to assign signals with or without latch when fefay operates.
LED2 Red Configurable LED to assign signals with or without latch'whien relay operates.
LED3 Red Configurable LED to assign signals with or withoutlatchWhen relay operates.
LED4 Red Configurable LED to assign signals with or witheut lafch when relay operates.

The TRIP LED lights up once the relay is operating and remainsilit even after the trip command
goes off.

Operation keys

The operation keys are used to display records, status, and set values on the LCD, to input or
change set values. The function of each operatignkey 15"as follows:

® 0-9, —: Used to enter a selected number, numerical values and a text string. Keys 2, 4, 6 and
8 marked with ¥, 4 }, and A are also used to enter a text string.

QV A Used to move lines'displayed within a screen

® |CANCEL|: Used to cangel entries and return to the upper screen

@ :Used to end entepimg Operation, return to the upper screen or turn off the display

® |ENTER |: Used to.stor€ or establish entries

(VIEW ] and (RESET ) keys

Pressing | VIEW | key, displays digest screens such as "Metering", "Latest fault" and "Auto-
supervision".

Pressing | RESET [ key turns off the display.

Monitoring jacks

Theéywo meénitoring jacks A and B and their respective LEDs can be used when the test mode is
selectedyon the LCD screen. By selecting the signal to be observed from the "Signal List" in
Appendix B and setting it on the screen, the signal can be displayed on LED A or LED B, or output
to am oscillo-scope via a monitoring jack.

RS232C connector

The RS232C connector is a 9-way D-type connector (straight type) for serial RS232C connection.
This connector is used to connect with a local personal computer.
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4.1.2 Communication Ports

The following 4 individual interfaces are mounted as the communication ports:

e RS232C port
e  Serial communication port (RS485 port, optional Fibre optic or Ethernet LAN etc.)
e [RIG-B port

e Interface port for telecommunication link

(1) RS232C port

This connector is a standard 9-way D-type connector for serial port RS232@,transmission and
mounted on the front panel. By connecting with a personal computer using/this,connector, setting
operation and display functions can be performed on the personal computer.

(2) Serial communication port

One or two serial communication ports can be provided. In thésingle=port type, it is connected to
the RSM (Relay Setting and Monitoring system) viagfthe protocol converter GIPR2 or
IEC60870-5-103 communication via BCU/RTU (Bay, Contgol Unit / Remote Terminal Unit) to
connect between relays and to construct a network communieation system. (See Figure 4.4.1 in
Section 4.4.)

In the case of the two-port type, one port (COMe omOPI) can be used for the relay setting and
monitoring (RSM) system or IEC60870-5-103¢communication, while the other port (COM2 or
OP2) is used for IEC60870-5-103 communicatien only.

Screw terminal for RS485, ST connector for fibre optic or RJ45 connector for Ethernet LAN
(10Base-T) is provided on the back of the relay’as shown in Figure 4.1.2.1.
(3) IRIG-B port

The IRIG-B port is mounted ongthe transformer module. This port collects serial IRIG-B format
data from the external clock to'synchronize the relay calendar clock. The IRIG-B port is isolated
from the external circuit by giSingagphotocoupler. A BNC connector is used as the input connector.

This port is provided on the back of the relay and Figure 4.1.2.1 shows the location of this
connector.
(4) Interface port fortelecommunication link

The optical or electri¢al interface port for telecommunication link is provided on the back of the
relay as showntin Figure 4.1.2.1. The connector using for the optical interface port is the ST type
or LC type ‘cofinector and the connector for the electrical interface port is the D-sub connector.
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Figure 4.1.2.1 Locations of Communication Port
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4.2 Operation of the User Interface
The user can access such functions as recording, measurement, relay setting and testing withsthe
LCD display and operation keys.
Note: LCD screens depend on the relay model and the scheme switch setting. Therefote,
LCD screens described in this section are samples of typical model.

421 LCD and LED Displays

Displays during normal operation
When the GRZ100 is operating normally, the green "IN SERVICE" LED js littand the LCD is off.

Press the [ VIEW | key when the LCD is off to display the LCD willPdisplay the "Metering",

"Latest fault" and "Auto-supervision" screens in turn. The last two séreens are displayed only
when there is some data. These are the digest screens and can be displayed without entering the
menu screens.

Meter ingl 08,/ Dec /#9997 22:56
Vab 220. 0kV I a 1. 05 KksA +¥370. 25MW
Vbe 219. 8kV Ib 1. 05 KkWA y- 30. 13MVar
Vca 220. 0kV Ic 1. 0.5 kA 60. 1Hz
Metering?2 Q'8 De /1997 22:56
Vabl 220. 0kV Ial 0. 55 kA

Vbel 219. 8kV I bl Op 55kA

Vcal 220. 0kV el 0. 55kA

Meter ings3 08,/ Dec,/ /1997 22:56
Vabl 220. 0kW hal 0. 50k A

Vbecl 219. 8 kN Ib1l 0. 50k A

Vcal 220. 0kY Icl 0. 50k A

Press the |[RESET | key, to turn off the LCD.

For any display, the back-light is automatically turned off after five minutes.

Displays in tripping

Latesit fault 08,/ Dec,/ /1997 22:56:38. 250
Phra s e A N Trip A
Z1,CRT

59. 3km (k%k%x%) *xOB*XNC*CF

Note: 2 terminal application

Latest fault 08/ Dec,/ /1997 22:56:38. 250
Phase A N Trip A
Z1, CRT

59. 3km (Junction—Remotel) *OB*NC

Note: 3 terminal application

If a fault occurs and a tripping command is output when the LCD is off, the red "TRIP" LED and
other configurable LED if signals assigned to trigger by tripping.

Press the | VIEW | key to scroll the LCD screen to read the rest of messages.

Press the |[RESET | key to turn off the LEDs and LCD display.
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Notes:
1) When configurable LEDs (LED1 through LED4) are assigned to latch signals by trigger of

tripping, press the | RESET | key more than 3s until the LCD screens relight. Confirm turning’off:
the configurable LEDs. Refer to Table 4.2.1 Step 1.

2) Then, press the |RESET | key again on the "Latest fault” screen in short period, confirfn turrfing
off the "TRIP" LED. Refer to Table 4.2.1 Step 2.
3) When only the "TRIP" LED is go off by pressing the | RESET | key in short period, press the
RESET | key again to reset remained LEDs in the manner 1) on the "Latest fault" screen or other
digest screens. LED1 through LED4 will remain lit in case the assigned signals’are still active
state.
Table 4.2.1 Turning off latch LED operation
LED lightingstatus
Operation "TRIP" LED Configurable LED
(LED1 - LED4)
Step 1 Press the -RESET key more than 3s on A YAy
Latest o sooen > g Y. )y
the "Latest fault" screen A v
continuetto it turn off *
Step 2 Then, press the ([RESET | key in short <“’,
period on the "Latest fault" screen Syt
tirn off ¢

When any of the menu screens is digplayed, the [VIEWJ and [RESET] keys do not function.

To return from menu screen to'the digest "Latest fault" screen, do the following:

e Return to the top screefi of the menu by repeatedly pressing the key.

e Press the key torgurn off the LCD.

e Press the | VIEWSkey*to display the digest "Latest fault" screen.

Displays in automatic’supervision operation

DIO err

Auto—supervision

08,/Dec,/1997 22:56

If the automatic supervision function detects a failure while the LCD is off, the
"Auto-supervision" screen is displayed automatically, showing the location of the failure and the
"ALARM" LED lights.

Press the | VIEW | key to display other digest screens in turn including the "Metering" and "Latest
fault" screens.

Press the |[RESET | key to turn off the LEDs and LCD display. However, if the failure continues,
the "ALARM" LED remains lit.

After recovery from a failure, the "ALARM" LED and "Auto-supervision" display turn off
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automatically.

If a failure is detected while any of the screens is displayed, the current screen remains displa
and the "ALARM" LED lights.

Notes:
1) When configurable LEDs (LED1 through LED4) are assigned to latch signals by issui@
alarm, press the | RESET | key more than 3s until all LEDs reset except "IN SERVICE" LED.

2) When configurable LED is still lit by pressing [ RESET | key in short period, press key

again to reset remained LED in the above manner.
3) LEDI through LED4 will remain lit in case the assigned signals are still activé state.

While any of the menu screen is displayed, the [ VIEW |and | RESET m ot function. To

return to the digest "Auto-supervision" screen, do the following:

e Return to the top screen of the menu by repeatedly pressing th key.

e Press the key to turn off the LCD. Q
e Press the | VIEW | key to display the digest screen. @
e Press the |RESET | key to turn off the LCD.

422 Relay Menu \
1
t1 E

Figure 4.2.2.1 shows the menu hierarchy i RZ100. The main menu has five sub-menus,
"Record", "Status", "Setting (view)", "S ange)", and "Test". For details of the menu
hierarchy, see Appendix E.

N
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Menu —

— Record

$

Q)O

Fault record
Event record

Disturbance record O
Automatic test
Autoreclose count

— Status —— Metering

Binary 1/0O
Relay element

4
Time sync source \
Clock adjustment 0

Direction

—Setting (view) ——— Version Q
— Description

— Communicati @

— Record
__ Status
— Protecti

— Binaryin
- Binzbut

—Setting (change) assword

escription

Communication
’\ | Record

L Status

— Protection

— Binary input
— Binary output
— LED

Switch
Manual test
Binary output
Timer

Logic circuit

Figure 4.2.2.1 Relay Menu
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Record

In the "Record" menu, the fault record, event record and disturbance record can be displayed or
erased. Furthermore, autoreclose and automatic test functions can be displayed in a counter form
or reset.

Status

The "Status" menu displays the power system quantities, binary input and output status, relay
measuring element status, signal source for time synchronization (IRIG-B, RSM, IEC 6r RMT)
and adjusts the clock.

Setting (view)

The "Setting (view)" menu displays the relay version, plant name, and the clirtent settings of relay
address, IP address and RS232C baud rate, etc. in communicationfyrecord, status, protection,
configurable binary inputs, configurable binary outputs and configurablglbEDs.

Setting (change)

The "Setting (change)" menu is used to set or change the séttings ‘of password, plant name, relay
address, IP address and RS232C baud rate, etc. ingommunication, record, status, protection,
configurable binary inputs, configurable binary outputs,and cenfigurable LEDs.

Since this is an important menu and is used to set‘or,change settings related to relay tripping, it has
password security protection.
Test

The "Test" menu is used to set testing switchesito test the trip circuit, to forcibly operate binary
output relays, to measure variable timiertime.and to observe the binary signals in the logic circuit.

When the LCD is off, press anykeyother than the [VIEWJ and [RESET] keys to display the top
"MENU" screen and then proceed toythe telay menus.

MENU
1=Record 2=Status
3=Set¥Pine(view) 4=Setting(change)
b=Test

To display the "MENU%$§creen when the digest screen is displayed, press the [ RESET | key to turn
off the LCD, thenypress any key other than the [VIEWJ and [RESET] keys.

Press the key when the top screen is displayed to turn off the LCD.

Anfexample of the sub-menu screen is shown below. The top line shows the hierarchical layer of
thelscfeen,gcreen title and total number of lines of the screen. The last item is not displayed for all
screensy/6" displayed on the far left, for example, means that the screen is in the sixth hierarchical
layer, while 1/8 displayed on the far right means that the screen has eight lines excluding the top
linesand the cursor is on the first line.

To move the cursor downward or upward for setting or for viewing other lines not displayed on the
window, use the W and A keys.
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/6 Scheme switch 1/10
ARC-EXT 0=0ff 1=0n 0 -
ARC-DEF 0=0ff 1=0n 0
ARC-BU 0=0ff 1=0n 0
VCHK 0=0ff 1=LB 2=DB 3=SY 1
ARC-SM 0=0ff 1=S2 2=S3 3=S4 0
ARC-SUC 0=0ff 1=0n 0
VITPHSEL 1=A 2=B 3=C 1
VI-RATE 1=PH/G 2=PH/PH 1
3PH-VT 1=Bus 2=Line 1
UARCSW 1=P1 2=P2 3=P3 1

To move to the lower screen or move from the left side screen to the right{screen in Appendix E,
select the appropriate number on the screen. To return to the higher scréen or move from the right

side screen to the left side screen, press the key.

The [ CANCEL]| key can also be used to return to the higher seteen but it must be used carefully
because it may cancel entries made so far.

To move between screens of the same depth, first return'te theghigher screen and then move to the
lower screen.

4.2.3 Displaying Records

The sub-menu of "Records" is used to displayafaultwecords, event records, disturbance records and
autoreclosing output count.

4.2.3.1Displaying Fault Records

To display fault records, do the following:

Open the top "MENU" screen by pressing any keys other than the [VIEW] and (RESET] keys.

Select 1 (= Record) to 'display the "Record" sub-menu.

/1 Regord

l=Faultyrecord 2=Event record
3=PpFst@Wrbance record 4=Automatic test
5=Autbreclose count

Select 1.(ZFault record) to display the "Fault record" screen.

/2 Fault record
l=Display 2=Clear

Select 1 (= Display) to display the dates and times of fault records stored in the relay from the
top in new-to-old sequence.

/3 Fault record 1/ 8
g1 16/0ct/1997 18:13:57.031
#2 20/Sep/1997 15:29:22.463
#3 04/Jul/1997 11:54:53.977
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e Move the cursor to the fault record line to be displayed using the & and ¥ keys and press the

ENTER | key to display the details of the fault record.

/4 Fault record #1 3/ *
Date and Time —304 " Nov /1997 15:09:58. 442
Fault phase —$Ph a s ¢ ABCN Trip ABC Tripping
Tripping mode—p Z 1 phas
Fault location —-sk sk k. sk km (k% % %) *OB*NC
#%%. *km (Junction—Remotel) *%OB*NC 4

Prefault values

o

Va kkk, kkV K ckosk, ok I a kk, kkk A

Vb kkk, kkV EIE T S e Ib kk, kkk A

Ve kskk, kkV * ok ok, k° Iec kk, kkk A

Vab kskx. kkV * ok ok, x° Iab skk. k*kxkA °

Vbe kksk, kkV kokok, k° ITbec kk. skkkA > *°

Veca *kkk. kkV kokok, k° I ca *x%x. %kxkk £ SE U e

Vsl sksksk., kkV kokok. o3k

V1 kksk, kkV 0. 0° I1 * k. *Q*** *°

V2 kkk., kkV EE I S 12 %k ok k EJEIE S
Power system Vo kkk, kkV k ok ok, k° 10 k) A EJESE S
quantities I Om k A kokok, k°

Fault values

Va kkk, kkV EE I S 1 kkk A EE I S

Vb kkk, kkV EE S S k. kk kA EE S S

Ve kkk, kkV EE S S Ic k. kkk A k ok ok, %k

Vab kkk., kxkV EE S S b kk. skk kA k ok ok, %

Vbe kk3k, kkV koK c  skk. kk kA kokok, k°

Vca *kk, kxkV >k ca kk. kkkA kokok, k°

Vsl xskx. kkV

Vi1 kskk, kkV 11 kk, kkk A kokok, k°

V2 kkk., kkV 12 kK. kk kA * ok ok, %k

Vo kkk., kkV 10 kk. kk kA * ok ok, %k

I Om *k*%. %kkkA * ok ok, %k

R a Kk 3k ockok Xa kkkk, sksk  Q

Rb Xb kkkk, ksk  Q

Rec Q Xc kkkk, ksk Q

Rab Q Xab skkskk, kk Q

Rbec Q Xbec skkskk, kk Q

Rca k% Q Xca *¥xx%k, kk Q

THMWOk k. * %

Nov,/1997 15:09:59. 817
Relevant eve 1, TPAR?2
047Nov,/ 1997 15:10:00. 029

) 1, CRT, FT1, FT2

The lines which are not displayed in the window can be displayed by pressing the & and ¥ keys.
To lear fault records, do the following:

e Open the "Record" sub-menu.

e Select 1 (= Fault record) to display the "Fault record" screen.

e Select 2 (= Clear) to display the following confirmation screen.
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/2 Fault record
all fault
ENTER=Yes

Clear

records?

CANCEL=No

e Press the [ ENTER | (= Yes) key to clear all the fault records stored in non-volatile memory:

If all fault records have been cleared, the "Latest fault" screen of the digest screens is not

displayed.

4.2.3.2Displaying Event Records

To display events records, do the following:

e Open the top "MENU" screen by pressing any keys other than the [VIEW] and [RESET] keys.

e Select 1 (= Record) to display the "Record" sub-menu.

e Select 2 (= Event record) to display the "Event record" screen.

Event record

/ 2
1=Display

2=Clear

e Select 1 (= Display) to display the eventsPwith,date and time from the top in new-to-old

sequence.
/3 Event record 2/96
16/0ct/1998 283 :18:0%. 294 Trip Off
16/0ct/1998 28418:03.913 Trip On
12/Feb/1998 03 "Bl :37.622 Rly.set change

The lines which are not displayeddmithe window can be displayed by pressing the &and ¥ keys.

To clear event records, do{the following:

e Open the "Recordgsub=menu.

e Select 2 (= Event record) to display the "Event record" screen.

e Select 2 (= €learyto display the following confirmation screen.

/2 Event
all
ENTER=Yes

record

Clegar event

records?

CANCEL=No

e Press'the [ ENTER | (= Yes) key to clear all the event records stored in non-volatile memory.

4.2.3.3Displaying Disturbance Records

Details of the disturbance records can be displayed on the PC screen only(*); the LCD displays
only the recorded date and time for all disturbances stored in the relay. They are displayed in the

following sequence.

(*) For the display on the PC screen, refer to RSM100 manual.

e Open the top "MENU" screen by pressing any keys other than the [VIEW] and [RESET] keys.
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e Select 1 (=Record) to display the "Record" sub-menu.

e Select 3 (= Disturbance record) to display the "Disturbance record" screen.

/ 2

1=Display

Disturbance

2=Clear

record

e Select 1 (= Display) to display the date and time of the disturbance records from the top in
new-to-old sequence.

#1
#2
#3

/3 Disturbance

16/0ct/ 1997
20/Sep/1997
04/Jul/ 1997

record
18:13:57.031
15:29:22.463
11:54:53.977

3 /12

The lines which are not displayed in the window can be displayed by pressing the A and ¥ keys.

To clear disturbance records, do the following:

e Open the "Record" sub-menu.

e Seclect 3 (=Disturbance record) to display the "Ristusbance record" screen.

e Select 2 (= Clear) to display the following confirmation screen.

/2 Disturbance re@mord
Clear all disturbamnagé

ENTERFY es

records?
CANCEL=No

e Press the | ENTER | (= Yes) _keyato clear all the disturbance records stored in non-volatile

memory.

4.2.3.4Displaying Automatic, Test

The "Automatic test",§creens show the cumulative number of times the automatic test has been

carried out(*) anditiie automatic test interval(**).

(*) The manwal test§ described in Section 4.2.7.2 are also added to these counts.
(**) For setting the test interval, see Section 4.2.6.5.

The telecommmunication channel test is carried out in all the GRZ100 models when the external
communication and the BOP command protection are selected.

Theltest,count,and test interval can be displayed or the test count can be reset to zero as follows.

To“display the count and interval of the telecommunication channel test on the LCD, do

the following:

e Select 1 (=Record) on the top "MENU" screen to display the "Record" screen.

e Select 4 (= Automatic test) to display the "Automatic test" screen.

/2 Automatic

channel

test

1=Telecomn

test

e Select 1 (= Telecomm channel test) to display the "Telecomm channel test" screen.

— 195 —



TOSHIBA

/3 Telecomm channel test
1=Display count & interval

2=Reset count

o Seclect 1 (= Display counts & interval) to display the test count and test intervalyof the
telecommunication channel.

/4 Telecomm channel test
Test count: 11

Test interval: 12 hours

To reset the telecommunication channel test count, do the following:

e Select 2 (= Reset count) on the "Telecom channel test" scréen to display the following
confirmation screen.

/3 Telecomm channel test
1=Display count & intexwal

2=Reset count

e Press the [ ENTER | key to reset the test countite zero and return to the previous screen.

4.2.3.5Displaying Autoreclose Count

The autoreclose output counts can be'digplayedior can be reset to zero as follows.

To display the autoreclose output céunts on the LCD, do the following:

e Select 1 (= Record) on the top "MENU" screen to display the "Record" sub-menu.

e Select 5 (= Autoreclose count) to'display the "Autoreclose count” screen.

/2 Autoreclfose count

1=Disphary 2=Reset

e Select 1 (= Display) to display the autoreclose count.

/8 MAutoreclose count

SPAR TPAR
CB1 [ 461 [ 461

SPAR and TPAR mean single-phase and three-phase autoreclose respectively.

To feset the autoreclose output count, do the following:

e Select 2 (= Reset) on the "Autoreclose count" screen to display the "Reset autoreclose count”
screen.

/3 Reset autoreclose count
1=CB1
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e Select 1 (=CB1) to display the following confirmation screen.

/3 Reset
Reset

autoreclose
counts?
ENTER=Yes

count

CANCEL=No

e Press the | ENTER | key to reset the count to zero and return to the previous screen.

4.2.4 Displaying Status Information

From the sub-menu of "Status", the following status conditions can be displayed,on the LCD:

Metering data of the protected line
Status of binary inputs and outputs
Status of measuring elements output
Status of time synchronization source
Load current direction

This data is updated every second.

This sub-menu is also used to adjust the time of thetinternal clock.

4.2.4.1Displaying Metering Data

To display metering data on the LCD, do the following.

e Select 2 (= Status) on the top "MENU" ser€en to display the "Status" screen.

/1 Status

1=Metering 2=Binary 1,/0
3=Relay elfemeént 4=Time synec source
5=Clock ad'jus/tment 6=Direction

e Select 1 (= Meterinng) to,display the "Metering" screen.
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/2 Metering 12/ Feb,/1998 22:56 3/ 36
Va kokk, kkV kkk, *x° I a %k, skkk A kskosk, x°
Vb kokok, kkV o kkok, *x° Ib kok, skk kA kokok, k°
Ve ) ksk, kkV sksksk, *x° Ic k%, skkk A ksksk, x°
Vab kkk., kkV kkk, x° Iab k., kkkA kkk., x°
Vbec kksk, kkV sksksk, *x° I c Kk, kkk A ckksk, %k°
Vca kkok, kkV kkk, *x° I ca ok, kk kA kkok, k°
Vsl kkk, kkV  ksksk, x°
A\t kksk, kkV 0. 0° 1 kok, skk kA kokok, k°
V2 ) ksk, kkV sksksk, *x° 12 k. skk k A sk oskoskgiRk©
VO kokok, kkV  kkok, *x° 10 kook, skk kA @kok Rugk”
I 0m kk. kkk A ok okEk HK°
Val kkk, kkV kkk, *k° Tal kok. skok k A R Rk, SkC
Vbl kkk, kkV kkk, *x° I 1 ok, kk k AD $% Kk, k°
Vel kokok, kkV kkk, *x° Ic1l kook. okok k Ay, KR, k°
Va?2 kokok, kkV  kkok, x° I 2 ok, ckSpk A (R kk, x°
Vb2 kskk, kkV o skksk, %k° I 2 * k. @8Rk kK AT sk sk sk, k°
Vec?2 kokok, kkV kkk, *x° Ic2 koK ok ok KOA kokok, % °
Vab1l sk, kxkV sksksk., %x° I b1 k. %kBkk A ckokosk, %x°
Vbel k%%, kkV sksksk, *x° Ibel (kg ThkkA skkk, *%°
Vecal xksk, kkV ks, *x° I claly, Rk ok sk k A kosksk, *k°
Vab2 xkk. kkV skksk, *x° I ab@ SRk, skk kA kkx, %°
Vbc2 sk, kxkV sksksk., *x° bb%em2 ) k k. kk kA sksksk. x°
Vca?2 skskx, kxkV sksksk., x° I clap2 k. skkkA skskk, *%°
Vi1l kkk. kkV 0. 0° L 4 ok, kk kA kkok, %°
V21 kokok, kkV o kkok, %k° 121 kok, skk kA kkok, k°
Vol kkk. kkV kkok g 701 k., %k kA kkk., x°
Vi1z kkk, kkV 0.9 0f I12 kok, kkk A skekok, x°
V22 kokok, kkV % kK, k© 122 ok, kk kA kkok, k°
VO2 kokok, sk kV ek €k, k° 102 kok, skk kA kokok, k°
12,11 k%, sk
THM sk skskk, %%
Telecomm de ayw timel kkkkkus
Telecommgmd ellbaly time?2 kkkkkus
Active power +kkk ok, k kMW
ReactifGye “power —skskskk, kkMvar
Frequwencw kk, %Hz

Metering data is

eXpressed as primary values or secondary values depending on the setting. For
setting, see Section 4£.6.6.

4.2.4.2Displayinggthe Status of Binary Inputs and Outputs

To displayathe binary input and output status, do the following:

Select 29(= Status) on the top "MENU" screen to display the "Status" screen.
Selegt 2 (= Binary 1/0) to display the binary input and output status.

/2 Binary input & output 3/ 8
Input (IO0#1) [000 000 000 000 ]
Input (I0H#2) [000 ]
Input (IO#3) [000 000 000 O ]
Input (10#4) [000 ]
Output (IO#1-trip) [000 000 ]
Output (10#2) [000 000 000 000 00 ]
Output (I0#3) [000 000 000 O ]
Output (10#4) [000 000 000 000 00 ]
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The display format is shown below.

[ | | | | | | | | | | | | | H]
Input (I0#1) Bl B2 BI3 B4 BIS5 BI6 BI7 BI8 B9 B0 BHM1 BHM2 — — —
Input (10#2) BI16 BI17 BM8 — e - — - - = = —
Input (I0#3) BI19 BI20 BI21 BI22 BI23 BI24 BI25 BI26 Bl27r B28 — — — — =
Input (10#4) B34 BI35 BIG — - = = = — — - = = = —
Output (I0#1-trip) TPA1 TPB1 TPC1 TPA2 TPB2 TPC2 —  — — — - - = = —
Output (10#2) BO1 BO2 BO3 BO4 BO5 BO6 BO7 BO8 BO9 BO10 BO11 BO12( FAlilg BO13 —
Output (I0#3) BO1 BO2 BO3 BO4 BO5 BO6 BO7 BO8 BO9 BO10 —  — - — —
Output (10#4) BO1 BO2 BO3 BO4 BO5 BO6 BO7 BO8 BO9 BO10 BO114BOt2 BO13 BO14 —

Lines 1 to 4 show the binary input status. BI1 to BI36 correspond to dach bimary input signal. For
the binary input signals, see Appendix G. The status is expressed sith logical level "1" or "0" at
the photo-coupler output circuit. IO#1 to IO#4 in the table indicatesthe name of the module
containing the binary input circuits.

Lines 5 to 8 show the binary output status. TPA1 to TPQ2 ofylin€ 4 correspond to the tripping
command outputs. FAIL of line 6 correspond to the rélay failure output. Other outputs expressed
with BO1 to BO14 are configurable. The status of theseloutputs is expressed with logical level "1"
or "0" at the input circuit of the output relay drivef®Ehat 1s, the output relay is energized when the
status is "1".

IO0#1 to IO#4 in the table indicate the names of the mgdule containing the binary output relays.
To display all the lines, press the A and Wskeys.

4.2.4.3Displaying the Status of Measuring Elements
To display the status of measuring eléfments on the LCD, do the following:
e Select 2 (= Status) on the topMENU" screen to display the "Status" screen.

e Select 3 (= Relay element)to display the status of the relay elements.

/2 Reddayhellement 3,/ k%
7G [000 000 000 000 000]
G2 [0OO0O 000 000 00O i
ZS [00OO0 000 000 000 000]
7 S [000 000 000 000 ]
BL [0OO 000 000 00O ]
(0} [000 000 000 000 000]
PDER, OV [o0oO0 0O ]
oVl [00OO0 000 ]
ov 2 [000 000 ]
Uuvi1 [000 000 000 000 000]
uv 2 [000 ]
uvs3 [00O0 000 000 ]
UV 4 [00O0 000 000 ]
CBF, PSB, OST, BCD [00O0O 000 000 000 OO ]
PSB, THM [000 000 00 ]
Autoreclose [boOO 000 00O ]
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The display format is as shown below.

[l ] || ] | | | ] | ] ] | | | ] | ] [ | I]
7G A B C A B C A B C A B C A B JC
Z1G Z1XG 22G Z3G 746
A B C A B C A B C A B C
2G2 ZFG ZR1G ZR2G ZNDG
AB BC CA AB BC CA AB BC CA AB BC CA AB BC CA
A Z18 Z1XS 225 238 748
789 AB BC CA AB  BC CA AB  BC CA AB BBy CA
ZFS ZR1S ZR2S ZNBS
BL AB BC CA AB BC CA A B C A B C L
BFS BRS BFG BRG
oc A B C A B C A B C A B C A B C
OCH 0CD oc ocl OCDP
DEF, OV DEFF DEFR EFI EF OVG — — - g > - — e
oV AB BC CA AB BC CA
ovs1 oVSs2
A B C A B C
ov2 OVG1 OVG2
UV A B C AB  BC CA AB BE CA A B C A B C
uve UVFS UVLS UVFG UVLG
uv2 A B C
UVPWI
uv3 AB BC CA AB  BC NCGA AB BC CA
Uvs1 uvs?2 UVSBLK
uv4 A B C A £ BIN.C A B C
UVG1 UVG2 UVGBLK
CBF,PSB, OST, A B C AB. BC CA AB BC CA ZM ZN DOCNF DOCNR BCD —
BCD OCBF PSBSOUT PSBSIN OST
PSB, THM A B % A B C AT
PSBGOUT PSNGIN THM
Autoreclose
(Model 2:+B) or OVB UVB 'SYN1)) OVL1 UVL1 3PLL
Autoreclose  Gup GvBf $YN1  OVL1 UVL1 SYN2 OVI2 UVL2 3PLL — — —  — — _—
(Model 3##B)

Lines 140 4'Show the operation status of distance measuring elements for earth faults and phase
faulgsgrespettively. Line 5 shows the operation status of blinder elements.

Lines 610 9 show the status of overcurrent, directional earth fault and overvoltage elements. Lines
10 to 13 show the status of undervoltage elements. Line 14 shows the status of the overcurrent
eleent for breaker failure protection, power swing blocking element, out-of-step protection
element and broken conductor detection element. Line 15 shows the status of the power swing
blocking element and thermal overload element.

Line 16 shows the status of elements used for autoreclose.

The status of each element is expressed with logical level "1" or "0". Status "1" means the element

is in operation.

To display all the lines on the LCD, press the & and ¥ keys.
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4.2.4.4Displaying the Status of the Time Synchronization Source

The inner clock of the GRZ100 can be synchronized with external clocks such as the IRIG-B time
standard signal clock or RSM (rlay setting and monitoring system) clock or byl an
IEC60870-5-103 control system or RMT (synchronizing with remote terminal). To display.onithe
LCD whether these clocks are active or inactive and which clock the relay is synchronized with,
do the following:

e Select 2 (= Status) on the top "MENU" screen to display the "Status" screen.

e Select 4 (= Time sync source) to display the status of time synchronizationseurces.

/2 Time synchronization source 3 A 4
*IRIG: Active

RSM: Inactive

ITEC: Inactive

RMT : Inactive

The asterisk on the far left shows that the inner clock is synchirémized with the marked source
clock. If the marked source clock is inactive, the inner clock runs locally.

For the setting time synchronization, see Section 4.2.6.6.

4.2.4.5Adjusting the Time
To adjust the clock when the internal clock is runnifig [ocally, do the following:
e Select 2 (= Status) on the top "MENU" scréen téydisplay the "Status" screen.

e Select 5 (= Clock adjustment) to display*the setting screen.

/2 12/Feb/199%, 22456:19 [Locall 1/ 5
Minute ( 0€ 59) : 41 _

Hour ( 0% 23): 22

Dav ( 1- 31) : 12

Month ( Y 2 12): 2

Year ( F990% 2089) : 1998

Line 1 shows the currenfidateéntime and time synchronization source with which the internal clock
is synchronized. The time can be adjusted only when [Local] is indicated on the top line, showing
that the clock is ramningylocally. When [IRIG] or [RSM] or [IEC] or [RMT] is indicated, the
following adjustment iSdhvalid.

e Enter a numetical value within the specified range for each item and press the | ENTER | key.

e Préssthe key to adjust the internal clock to the set hours without fractions and return to
the previeus screen.

If a"date which does not exist in the calendar is set and key is pressed, "Error: Incorrect
date" is displayed on the top line and the adjustment is discarded. Adjust again.

4.2.4.6Displaying the Direction of Load Current
To display the direction of load current on the LCD, do the following:
e Select 2 (= Status) on the top "MENU" screen to display the "Status" screen.

e Seclect 6 (= Direction) to display the status of the relay elements.
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/2 Direction

Phase A: Forward
Phase B: Forward
Phase C: Forward

Note: If the load current is less than 0.04xIn, the direction is expressed as “----*“,
The BFL element is used to detect the direction of load current and shared with blindera(See
Figure 2.4.1.13.)

4.2.5 Viewing the Settings

The sub-menu "Setting (view)" is used to view the settings made using théysub®menu "Setting
(change)".

The following items are displayed:
Relay version
Description
Relay address in the RSM or IEC60870-5-103 communication
Recording setting
Status setting
Protection setting
Binary input setting
Binary output setting
LED setting

Enter a number on the LCD to displayseach item as described in the previous sections.

4.2.5.1Relay Version
To view the relay version, do the,following.

e Press 3 (= Setting (view)) onghe/imain "MENU" screen to display the "Setting (view)" screen.

/1 Se®tihg Uview)

1=Ver s opn 2=Description 3=Comm.
4 = Rpe c o d b=Status 6=Protection
7T=Bimary input 8=Binary output 9=LED

e Press 1 (= Version) on the "Setting (view)" screen and the "Relay version" screen appears.

/2 ORelay version 3/ 6
Redl a y type: skosk sk skoskoskoskoskoskoskoskoskosk sk skoskosk sk sk skosk sk
Serial No. : skoskoskoskoskoskoskoskoskoskoskoskosk sk skoskosk sk sk skosk sk
Main software: skoskoskoskoskoskoskoskoskoskoskoskoskoskoskoskoskosk sk skosk sk
COM software: Sskoskoskoskoskoskoskoskoskoskoskoskoskoskoskoskoskoskosk skosk sk
PLC data: sk sk sk sk osk sk sk skosk sk sk sk (G skosk sk skosk ok k)
IEC103 data: sk sk sk sk osk sk skoskosk sk sk sk (G skosk sk skosk ok k)
4.2.5.28Settings

The "Description”, "Comm.", "Record", "Status", "Protection"”, "Binary input", "Binary output"
and "LED" screens display the current settings input using the "Setting (change)" sub-menu.
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4.2.6 Changing the Settings

The "Setting (change)" sub-menu is used to make or change settings for the following items:

Password

Description

Address in the RSM or IEC60870-5-103 communication
Recording

Status

Protection

Binary input

Binary output

LED

All of the above settings except the password can be seen using the¥Setting (view)" sub-menu.

4.2.6.1Setting Method

There are three setting methods as follows.
- To enter a selective number
- To enter numerical values

- To enter a text string

To enter a selected number
If a screen as shown below is displayedyperform the setting as follows.

The number to the left of the cursot'shows the current setting or default setting set at shipment. The
cursor can be moved to upper or lewerlines within the screen by pressing the A and ¥ keys. If
setting (change) is not required,skip the line with the A and ¥ keys.

/3 Metering 3/3
Display (vallue 1=Primary 2=Secondary 1
Power (R/09 1=Send 2=Receive 1
Curredt l1=Lag 2=Lead 1 —

Move the curser toagsetting line.

Enter the selected’humber. (Numbers other than those displayed cannot be entered.)

Press the |£NTER | key to confirm the entry and the cursor will move to the next line below.
(On the Jowest line, the entered number blinks in reverse video.)

o After campleting the setting on the screen, press the key to return to the upper menu.

To correct the entered number, do the following:

o Ifitis before pressing the | ENTER | key, press the | CANCEL| key and enter the new number.

e [fitis after pressing the | ENTER | key, move the cursor to the correcting line by pressing the
A and 'V keys and enter the new number.

Note:  Ifthe [CANCEL)| key is pressed after any of the entry is confirmed by pressing the [ENTER

key, all the entries performed so far on the screen concerned are canceled and screen returns
to the upper one.
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When the screen shown below is displayed, perform setting as follows.

The number to the right of "Current No. =" shows the current setting.

/6 Protection scheme

1=3Z0NE 2=7Z1-EXT 3=PUP 4=POP 5=U0P 6=BOP

7=POP+DEF 8=UOP+DEF 9=BOP+DEF 10=PUP+DEF
Current No.= 2 Select No. =

e Enter a number to the right of "Select No. =". (Numbers other than those displayed cannot be
entered.)

e Press the [ ENTER | key to confirm the entry and the entered number blinks, iffreverse video.

e After completing the setting on the screen, press the key to return to the upper screen.

To correct the entered number, do the following:

o Ifitis before pressing the | ENTER | key, press the | CANCEL | key and enter the new number.

e [Ifitis after pressing the | ENTER | key, enter the new nfimber.

To enter numerical values
When the screen shown below is displayed, perform thessetting as follows:

The number to the left of the cursor shows the cufrent setting or default setting set at shipment. The
cursor can be moved to upper or lower lines within the screen by pressing the A and ¥ keys. If
setting (change) is not required, skip the lin€%ith'the A and ¥ keys.

/7 Distance 1/36
Z18S ( 0.01%,460.00) : 0.01 _ Q
Z1XS ( 0.0 B0 . 00) : 0.01 Q
71501 ( 0- 45) : 0 deg

e Move the cursor to a setting line:

e Enter the numerical yalue.

e Press the | ENTER\key t6 confirm the entry and the cursor will move to the next line below.
(If a numerical*value outside the displayed range is entered, "Error: Out of range" appears on
the top line and the cursor remains on the line. Press the | CANCEL| key to clear the entry.)

e After cgmpleting the setting on the screen, press the key to return to the upper screen.

To correctithe €ntered numerical value, do the following:

oIt ait isgbefore pressing the |[ENTER | key, press the [CANCEL| key and enter the new

numerical value.

e [fitis after pressing the | ENTER | key, move the cursor to the correcting line by pressing the
A and V¥ keys and enter the new numerical value.

Note:  Ifthe key is pressed after any of the entry is confirmed by pressing the [ENTER

key, all the entries performed so far on the screen concerned are canceled and screen returns
to the upper one.

To enter a text string

Text strings are entered in the bracket on the "Plant name" or "Description" screen.
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To select a character, use keys 2, 4, 6 and 8 to move blinking cursor down, left, right and up, "—>"
and "<" on each of lines 2 to 4 indicate a space and backspace, respectively. A maximum of 22

6F2S0834

characters can be entered within the brackets.

/3 Plant name [ ]
ABCDEFGHIJKLMNOPQRSTUVWXYZ () []@_ —
abcdefghijklmnopgqrstuvwxyz {}*x/+-<=>

c “——>

0123456789

P7agne’

LY

y .

e Set the cursor position in the bracket by selecting "—" or "«" and pressinggthe [ ENTER | key.
e Move the blinking cursor to a selecting character.

e Press the |[ENTER | key to enter the blinking character at the cursor pogition in the bracket on
the top line.

e Press the key to confirm the entry and return to the upper'sereen.
To correct the entered character, do either of the followings:

e Discard the character by selecting "<" and pressing th¢ [ENTER | key, and enter the new
character.

e Discard the whole entry by pressing the | CANCBIj key and restart the entry from the first.

To complete the setting

Even after making entries on each setting s€reen by pressing the | ENTER | key, the new settings

are not yet used for operation, thoughgstered in the memory. To validate the new settings, take the
following steps.

e Press the key to returmiyto the upper screen. Repeat this until the confirmation screen

shown below is displayed. Fhe confirmation screen is displayed just before returning to the
"Setting (change)" sub-menuy

/2
Change

% g ok R0k ok fBk ok k kK Kk K ok
sct®tings ?

Ehter=Yes Cancel=No

e  When the scteen i§/displayed, press the | ENTER | key to start operation using the new settings,
or pressfthe /lCANCEL | key to correct or cancel the entries. In the latter case, the screen turns

backito thessétting screen to enable reentries. Press the | CANCEL| key to cancel entries made
so far andito turn to the "Setting (change)" sub-menu.

4.2.6.2Password
For the sake of security of setting changes, password protection can be set as follows;

e Press 4 (= Setting (change)) on the main "MENU" screen to display the "Setting (change)"
screen.

/1 Setting(change)

1=Password 2=Description 3=Comm.
4=Record b=Status 6=Protection
7=Binarv input 8=Binarv outpbut 9=LED
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Press 1 (= Password) to display the "Password" screen.

/2 Password
Input new password [ ]

Retype new password [ ]

e Enter a 4-digit number within the brackets of "Input new password" and press the |[ENTER
key.

e For confirmation, enter the same 4-digit number in the brackets of "Retypemew password" and

press the key.

e Press the key to display the confirmation screen. If the retypéd mtmber is different

from that first entered, the following message is displayed on the'bottom of the "Password"
screen before returning to the upper screen.

"Mismatch-password unchanged"

Reentry is then requested.

Password trap

After the password has been set, the password mastbesentered in order to enter the setting change
screens.

If 4 (= Setting (change)) is entered on the'top "WIENU" screen, the password trap screen
"Password" is displayed. If the password isaet ¢itered correctly, it is not possible to move to the
"Setting (change)" sub-menu screens.

Password

ITnutipassword [ ]

Canceling or changing the (password

To cancel the passwordsprotection, enter "0000" in the two brackets on the "Password" screen. The
"Setting (change)k screen is then displayed without having to enter a password.

The password camsbe ¢hanged by entering a new 4-digit number on the "Password" screen in the
same way as the first'password setting.

If you forget the password

Press [CANCEL and [RESET] keys together for one second on the top "MENU" screen. The
séteenfgoesfoff, and the password protection of the GRZ100 is canceled. Set the password again.

4.2.6.3Description
To énter the plant name and other data, do the following. These data are attached to records.

e Press 4 (= Setting (change)) on the main "MENU" screen to display the "Setting (change)"
screen.

e Press 2 (= Description) to display the "Description" screen.
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/2 Description

1=Plant name 2=Description

e To enter the plant name, select 1 (= Plant name) on the "Description" screen.

3 Plant name L _ ]
AWBCDEFGHIJKLMNOPQRSTUVWXYZ () []@_ «——
abcdefghijklmnopqrstuvwxyz {}*x/+-<=>40>
0123456789 | 7#8$%&’” :;,. <2

To enter special items, select 2 (= Description) on the "Description” scrgen:
/3 Description [ _ ]
AWBCDEFGHITKLMNOPORSTUVWXYZ () 4@ ——

abcdefehiiklmnovnarstuvwxvz Y +r=<=> <
0123456789 ! ”#$%&’ o

o Enter the text string.

The plant name and special items entered are viewedywith the "Setting (view)" sub-menu and
attached to disturbance records when they are displayed on a local or a remote PC.

4.2.6.4Communication

If the relay is linked with RSM or IEC60870-58103, the relay address must be set. Do this as
follows:

e Press 4 (= Setting (change)) on the Jmain™MENU" screen to display the "Setting (change)"
screen.

e Press 3 (= Comm.) on the "Setting (change)" screen to display the "Communication" screen.

/2 Communileatlion
1=Addresfs Parameter
2=Switgh
e Press 1 (= Address/Parameter) to enter the relay address number.
/30 Adldress,/Parameter 1/ 15
DL C ( 1— 32): 1
KE C ( 0— 254): 2
S¥ADJ ( —9999— 9999): 0 ms
Fri1—1 ( 0— 254): 0
IP1—2 ( 0— 254): 0
IP1—3 ( 0— 254): 0
IP1—4 ( 0— 254): 0
SM1-—1 ( 0-— 254): 0
SM1—2 ( 0-— 254): 0
SM1—3 ( 0— 254): 0
SM1—4 ( 0— 254): 0
GW1—1 ( 0-— 254): 0
GW1—2 ( 0-— 254): 0
GW1—3 ( 0-— 254): 0
GW1—4 ( 0-— 254): 0
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e Enter the address number on "HDLC" column for RSM and/or "IEC" column for
IEC60870-5-103 and the compensation value on "SYADJ" column for adjustment of tim&
synchronization of protocol used. (—: lags the time, +: leads the time) And enter IP addresg/for
IP1-1 to IP1-4, Subnet mask for SM1-1 to SM4, and Default gateway for GW1-1 to GW1-4.

IP address: sk, sk ki skok
b et 'y
IP1-1 1P1-2 IP1-3 IP1-4
Subnet mask SM1-1 to SM4 and Default gateway GW1-1 to GW1-4: same as above,

e Press the key.

CAUTION: Do not overlap the number in a network.

e Press 2 (= Switch) on the "Communication" screen to select the protocot and transmission
speed (baud rate), etc., of the RSM or IEC60870-5-103.

/3 Switch 1./ %
PRTCL 1 1=HDLC 2=1EC103 2
232C 1=9. 6 2=19. 2 3=38. 444=57. 6 4
IECBR 1=9. 6 2=19. 2 2
IECBLK 1=Normal 2=Blogked 1

e Select the number corresponding to the systefimand ptess the key.

<PRTCL1>

PRTCLI1 is used to select the protocol for channel, 1 (COM1 or OP1) of the serial communication
port RS485 or FO (fibre optic).

e When the remote RSM system appliedp’select 1 (=HDLC). When the IEC60870-5-103
applied, select 2 (=IEC103).

<232C>
This line is to select the RS232C/baud rate when the RSM system applied.

Note: The default getting of the 232C is 9.6kbps. The 57.6kbps setting, if possible, is recommended to
serve user for‘@emfortable operation. The setting of RSM100 is also set to the same baud rate.

<IECBR>
This line is to sglect the'baud rate when the IEC60870-5-103 system applied.

<IECBLK>
Select 2(=Bloeked) to block the monitor direction in the IEC60870-5-103 communication.

4.2:6.5Settinng the Recording
To set the recording function as described in Section 4.2.3, do the following:

e Press 4 (= Setting (change)) on the main "MENU" screen to display the "Setting (change)"
screen.

e Press 4 (= Record) to display the "Record" screen.

/2 Record
1=Fault record 2=Event record
3=Disturbance record

4=Automatic test interval
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Setting the fault recording

e Press 1 (= Fault record) to display the "Fault record" screen.

/3 Fault record 1/ 1
Fault locator 0=0°ff 1=0n 1 _
e Enter 1 (= On) to record the fault location.
Enter 0 (= Off) not to record the fault location.
e Press the | ENTER | key.
Setting the event recording
e Press 2 (= Event record) to display the "Event record" screen.
/3 Event record 1,/129
BITRN ( 0-— 128): 1268, &
EV1 ( 0— 3071): 0)
EV 2 ( 0— 3071): 1
EV 3 ( 0— 3071): 1
EV 4 ( 0— 3071): 1
EVS5 ( 0-— 3071)% 3071
EV6 ( 0-— 307 1) 3071
EV7 ( 0— 3071)% 3071
EVS ( 0— 307 10 3071
EV9 ( 0— 8 07 1)} 3071
EV1i0o ( 04 30771): 3071
EV128 ( 0 3071): 3071

<BITRN>

e Enter the numberof event to record the status change both to "On" and "Off". If enter 20, both
status change i§.recorded for EV1 to EV20 events and only the status change to "On" is

recorded for EBV2T%@’EV 128 events.

<EV*>

e Enteg thefsignal number to record as the event in Appendix B. It is recommended that this
setting ‘éan be performed by RSM100 because the signal name cannot be entered by LCD

scpeen. (Refer to Section 3.4.2.)

Setting the disturbance recording

e Press 3 (= Disturbance record) to display the "Disturbance record" screen.

/3 Disturbance record
1=Record time & starter
2=Scheme switch

3=Binary signal

e Press 1 (= Record time & starter) to display the "Record time & starter” screen.
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/4 Record time & starter 1/5
Time ( 0. 1- 3.0): 2.0 _ A
0CP-S( 0.5- 250.0): 10.0 A
0CP-G ( 0.5- 250.0): 10.0 A
UVP-S ( 0- 132): 100 V
UVP-G( 0 - 76) 57 V

e Enter the recording time and starter element settings.

To set each starter to use or not to use, do the following:

e Press 2 (= Scheme switch) on the "Disturbance record" screen to display, théy!Scheme switch"

screen.
/4 Scheme switch 1/ 5
TRIP 0=0ff 1=0n 1 _
OCP-3S 0=0ff 1=0n 1
0OCP-G 0=0ff 1=0n 1
UVP-S  0=0ff 1=0n 1
UVP-G  0=0ff 1=0n 1

e Enter 1 to use as a starter.

e Press 3 (= Binary signal) on the "Disturbaficetecoerd" screen to display the "Binary signal"

screen.
/4 Binary signal 1/32
STG1 ( o4 B0 : 1
STG2  ( N d3071) : 2
STG3  ( M N3071) : 3
STG4 ( Oy, ¥3071) 4
STG32 ( of  3071): 0

e Enter the signal nuinber t6"record binary signals in Appendix B. It is recommended that this
setting can be petformed by RSM100 because the signal name cannot be entered by LCD
screen. (Refer toySection 3.4.3.)

Setting the automatic testing

e Press 4((= Automatic test interval) to display the "Automatic test interval" screen.

/3 Automatic test interval 1/1
Chann ( 1- 24) : 12 hrs

o ‘Enter the test intervals of the signal channel.

4.2.6.6 Status
To set the status display described in Section 4.2.4, do the following.

e Press 5 (= Status) on the "Setting (change)" sub-menu to display the "Status" screen.
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/2 Status
l1=Metering
2=Time

3=Time zone

synchronization

Setting the metering

e Press 1 (= Metering) to display the "Metering" screen.

/3 Metering 73
Disvlav value 1=Primarv 2=Secondarsyy ¥ _
Power (P/Q) 1=Send 2=Receive 1
Current 1=Iacg 2=Lead 1

e Enter the selected number and press the | ENTER | key. Repeat this for all items.

Note: Power and Current setting

|Active Power Display |

Power setting=1(Send)

- -

Y
\I
+

[Reactive Power Display |

Current setting=1(Lag)

+ +
WV
|

Setting the time synchronization

Power setting=2(Receive)

_I_. _

+ —

Current setting=2(Lead)

The calendar clock canyrun [ocally or be synchronized with external IRIG-B time standard signal,
RSM clock or IEC60870-5-103. This is selected by setting as follows:

e Press 2 (= Time synchronization) to display the "Time synchronization" screen.

/3 s,Time
0=Q'f f

Current No. =0

synchronization

1=1IRIG 2=RSM 3=I1EC 4=RMT

Select No. =__

e Enter'the selected number and press the | ENTER | key.

Note: When to select IRIG-B, RSM, IEC or RMT, check that they are active on the "Time

synchronization source" screen in "Status" sub-menu. If it is set to an inactive IRIG-B, RSM,
IEC or RMT, the calendar clock runs locally. RMT means that the clock is synchronized with
that of remote terminal. So, do not set all terminal relays to RMT. Therefore, if local terminal
is set RMT, any one of remote terminals is set to the other clock setting with time
synchronization source such as IRIG-B, RSM or IEC. It is recommended that the master
terminal is set to the clock with time synchronization source and the slave terminal set to

RMT.
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Setting the time zone

When the calendar clock is synchronized with the IRIG-B time standard or GPS signal, it is
possible to transform GMT to the local time.

e Press 3 (= Time zone) to display the "Time zone" screen.

/3 Time zone 1/1
GMT ( -12- +12) : +9 hrs

e Enter the difference between GMT and local time and press the | ENTERkey.

4.2.6.7Protection

The GRZ100 can have 8 setting groups for protection in order to“accommodate changes in the
operation of the power system. One setting group is assigned activenT o set the protection, proceed
as follows:

e Press 6 (= Protection) on the "Setting (change)" screen to/display the "Protection" screen.

/2 Protection
l1=Change active grou®
2=Change setting
3=Copy group

Changing the active group

e Press 1 (= Change active group)to display'the "Change active group" screen.

/3 Change atti®we group (Active group= %)
1=Groupl 2 =Go u'p 2 3=Group3 4=Group4
I5=Groupb 6 =Gmoupb 7T=GroupT7 8=Group8

CurrenmNo./&~ * Select No. = _
e Enter the selected ndimbemand press the | ENTER | key.
Changing the settings

Almost all the s¢ttinggtems have default values that are set when the product was shipped. For the
default values, see,Appendix D and H.

To change thefsettings, do the following:
e Press 2@ Change setting) to display the "Change setting" screen.

/3 Change setting (Active group= *)
1=Groupl 2=Group?2 3=Group3 4=Groupi4d
5=Groupb 6=Groupb 7T=Group?7 8=Group8

e Press the group number to change the settings and display the "Protection" screen.

/4 Protection (Group *)
l1=Line parameter

2=Telecommunication 3=Trip

4=Autoreclose
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Setting the line parameters
Enter the line name, VT&CT ratio and settings for the fault locator as follows:

e Press | (= Line parameter) on the "Protection" screen to display the "Line parameter" scteen.

/5 Line parameter (Group =*)
1=Line name

2=VT & CT ratio

3=Fault locator

e Press | (= Line name) to display the "Line name" screen.

e Enter the line name as a text string.

e Press the key to return the display to the "Line parameter" screen.
e Press 2 (= VT&CT ratio) to display the "VT&CT ratio" screen.

/6 VT & CT ratio 1/ 8
VT ( 1— 20000): 22004

VTs 1 ( 1— 20000): 2 2 040

VTs 2 ( 1— 20000): 2 2(0 Q

VTr1 ( 1— 20000): 200 00

VTr 2 ( 1— 20000): 200 000

CT ( 1— 20000): 400 0

CTr 1 ( 1— 20000)% 400

CTr 2 ( 1— 20000)0 400

e Enter the VT ratio for protection functiénjand press the | ENTER | key.

e Enter the VTsl1 ratio and/or VI§2 ratio forfautoreclose function and press the key.
VTsl is used for the VT ratigysetting for voltage and synchronism check of autoreclose
function. VTs2 is used for the®/T ratio setting for the other voltage and synchronism check at
the time of two-breaker autoreclose., VTrl and CTrl are used for VT and CT ratios for remote
terminal 1, and VTr2 and CT#2 for remote terminal 2.

e Enter the CT ratio for proteetion function and press the | ENTER | key.
e Press the key toyreturn the display to the "Line parameter” screen.

e Press 3 (= Faulidlocater) to display the "Fault locator" screen.
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/6 Fault locator 1/21
X 1 ( 0.00 - 199.99) 10.00 — Q
X 0 (  0.00 - 199.99) : 34.00 Q
X 0 m ( 0.00 - 199.99) : 2.00 Q
R1 ( 0.00 - 199.99) 0.20 Q
RO (  0.00 - 199.99) 0.70 Q
ROm ( 0.00 - 199.99) : 10.00 Q
7Z0B-L( 0.00 - 199.99) 10.00 Q
ZOB-R( 0.00 - 199.99) 10.00 Q
Kab ( 80 - 120) 100 %
Kbe ( 80 - 120) 100 %
Kca ( 80 - 120) 100 %
Ka ( 80 - 120) 100 %
Kb ( 80 - 120) 100 %
Ke ( 80 - 120) 1090 %
Line ( 0.0 - 399.9) 80. 0 k m
2X1 ( 0.00 - 199.99) : 1 0%0 0 Q
2R 1 ( 0.00 - 199.99) : O 2 0 Q
2Line( 0.0 - 399.9) ¢ 80. 0 k m
3X1 (0.00 - 199.99) 10.00 Q
3R1 ( 0.00 - 199. 99 ™ 0.20 Q
3Line( 0.0 - 399 89) W 80.0 k m

e Enter the setting and press the | ENTER | Key, for each item.
e Press the key after completing/ther settings to return the display to the "Line

parameters" screen.

Setting the telecommunication

To set the scheme switches andstelecommunication elements, do the following:

Press 2 (= Telecommunication) on the "Protection"

"Telecommunication" Screefiy

screen to display the

/5

1 = Sycgh elm e

Tefl’'eddlommunication (Group *)
switch

2=TeMe communication element

Press 1 (= Seheme switch) to display the "Scheme switch" screen.

Set'the [€O.4 INK] to "Integral communication (=Int)" or "External communication (=Ext)"
and the SP. SYN.] to "Master" or "Slave" and the [TERM] to "2 terminal line (=2TERM)" or
"3 germimal line (=3TERM)" or "Dual communication for 2 terminal line (=Dual)".

Note: In the [SP. SYN] setting, one terminal should be set to "Master" and other terminals set to
"Slave"

The [CH. USE] is used to set the using channel when the chain topology is applied.

The [RYIDSV] is set to “ON” when the relay address monitoring is enabled.

The [CH.CON] is set to “Exchange” when changing the CH1 signal with the CH2 signal in the
relay inside. See section 2.5.1.6.

The [T.SFT1] and [T.SFT2] are set to “ON” to synchronize the relay with the multiplexer by
shifting the send signal by a half-bit when the distance from the relay to the multiplexer is a
long.
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The [B.SYN1] and [B.SYN2] are set to “ON” when the relay is linked a multiplexer. Set to
“OFF” when direct link is applied.

However [TERM], [CH.USE], [CH.CON], [T.SFT2] and [B.SYN2] items are not display¢d in
the case of 2 terminal models.

/6 Scheme switch 1/ 10
CO. LINK 1=Int 2=Ext 2
SP. SYN. 1=Master 2=Slave 1
TERM 1=2TERM 2=3TERM 3=Dual 1
CH. USE 1=Both 2=CHI1USE 3=CH2USE 1
RYIDSV 0=0f f 1=0On 1
CH. CON l1=Normal 2=Exchange 1

T. SFT1 0=0ff 1=On 1

T. SFT2 0=0ff 1=0n 1

B. SYN1 0=0f f 1=0On 1

B. SYN2 0=0ff 1=On 1

Press 2 (= Telecommunication element) to display the "Telecommunication" screen. Set the
relay identity numbers and delay time for supervision, afd theadifference of the transmission
delay time TCDT1 and TCDT?2 for channel 1 andg2.

RYID, RYIDI1, RYID2: Setting for address numbers, ofithe local (RYID) and remote (RYID1
and RYID?2) relays. Thewdifferent address must be assigned to a relay
at each terminal. ®heselitems are only enabled when the switch
[RYIDSV] is set tg?" ON!'s

TDSV: Setting for transmission delay time towbe supervised.

TCDTI, TCDT2: Adjusting the transmis$ion delay time difference for channel 1 and 2.

/6 Telecommudnicadtion element 1/ 6
RYID ( 0— 63): 0o

RYID1 ( 0 — 63): 0

RYID2 ( 0/~ 63): 0

TDSV ( 1004 16000): 6000 us
TCDT1 (—1£00000— 10000): 0 u s
TCDT2 (#1000 — 10000) : 0 us

Setting the protection function

To set the protéction Schemes, scheme switches and protection elements, do the following.
Protection elements are the measuring elements and timers.

Note: Depernding on the selected protection scheme and scheme switch setting, some of the scheme
switehes and protection elements are not used and so need not be set. The protection function
setting menu of the GRZ100 does not display unnecessary setting items. Therefore, start by
etting the protection scheme, then set the scheme switch, then the protection elements.

As aresult of the above, note that some of the setting items described below may not appear in
the actual setting.

Press 2 (= Trip) on the "Protection" screen to display the "Trip" screen.

/5 Trip (Groupn *)
l1=Protection scheme

2=Scheme switch

3=Protection element
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Protection scheme setting

/6 Protection scheme
1=3Z0NE 2=Z1-EXT 3=PUP 4=POP 5=U0P 6=BOP
7=POP+DEF 8=UOP+DEF 9=BOP+DEF 10=PUP+DEF

Current No.= 2 Select No. =

e Press 1 (= Protection scheme) on the "Trip" screen to display the "Protection scheme" screff.

e Select the protection scheme to be used by entering the number correspondin% to the

protection scheme and press the | ENTER | key.

e Press the key to return to the "Trip" screen. &

Setting the scheme switches
e Press 2 (= Scheme switch) on the "Trip" screen to display the eme switch" screen.

Q
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/6 Scheme switch 1,/ %%
ZS—C 1=Mho 2=Quad

2G—C 1=Mho 2=Quad

BLZONE 1=COM 2=IND

Z1CNT 1=1 2=2 3=3 4=4 5=5

PSB—-71 0=0ff 1=On

PSB—-TP 0=0ff 1=On
UVPWIEN 0=0ff 1=On
SCFCNT 1=BLK 2=trip
STUB 0=0ff 1=On
SOTF—-DL 1=CB 2=UV 3=Both

SOTF—ND 0=0ff 1=On

ZFBT 0=0ff 1=0On
OCIBT 0=0ff 1=On
MOC I l1=Long 2=Std 3=Very 4FEX
EFBT 0=0ff 1=On
EFBTAL 0=0f1 f 1=0n
DEFFEN 0=0f1 f 1=DT
DEFREN 0=0ff 1=DT
DEFBTAL 0=0ff 1=0On
DEF I 0=0ff 1=NOD
MEF I 1=Long 2=Std
OVS1EN 0=0ff 1=DT
OVS2EN 0=0ff 1=On

UVG1EN 0=0ff IDMT
UVG2EN 0=0f n

VBLKEN 0=0 On

BCDEN 0=0f 1 n

CRSCM 0= On

CHSEL 1=8i e 2=Guard 3=And
BOSW N al 2=Inverse

»—*OOOO»—*»—*»—*»—*OOOOOO»—*»—‘»—‘»—‘H»—A»—A»—AOOOO-OOMOOOOOO[\DO'6/ONO»—A->—A»—A>—A»—IH

ZONES@L =7 2=73
ECHO f 1=0On
WKIT \Off 1=0n
CH 1=CH1 2=CH2
BO l1=Active 2=Inactive
BE1 0=0ff 1=T 2=TOC
0=0ff 1=On
XT 0=0ff 1=On
S 0=0ff 1=Trip 2=BO
THMT 0=0ff 1=0On
HMAL 0=0ff 1=On
VTF1EN 0=0ff 1=0On 2=0PT—-On
VTF2EN 0=0ff 1=0On 2=0OPT—-On
VTF—2724 0=0ff 1=On
V'S CHMON 0=0ff 1=On
LSSV 0=0ff 1=On
SVCNT 0=ALM&BLK 1=ALM
CTSV 0=0ff 1=ALM&BLK 2=ALM
FL—Z0B 0=0ff 1=0On
AOLED 0=0ff 1=On

e Enter the number corresponding to the switch status to be set and press the | ENTER | key for
each switch.
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e After setting all switches, press the key to return to the "Trip" screen.

Setting the protection elements Q
e Press 3 (= Protection element) to display the "Protection element" screen. 0
/6 Protection element (Group *)
l1=Distance 2=PSB&O0OST 3=0C, DEF&UYV
4=Command trip L 4

<Distance> \

e Press 1 (= Distance) to display the "Distance" screen. The measurin%ls and timers used

in the distance protection are set using this screen. 0
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/7 Distance

1/ k%

Z18 ( 0. 01— 50. 00) 0. 01 __ Q
Z1XS ( 0. 01— 50. 00) 0. 01 Q
218601 ( 0— 45) 0 deg
Z1S602 ( 45— 90) 90 deg
BFR1S ( 0. 10— 20. 00) 0. 10 Q
BFRXS ( 0. 10— 20. 00) 0. 10 Q
728 ( 0. 01— 50. 00) 0. 01 Q
BFR2S ( 0. 10— 20. 00) 0. 10 Q
ZFS ( 0. 01— 50. 00) 0. 01 Q
BFRFS ( 0. 10— 20. 00) 0. 10 f%
73S ( 0. 01— 50. 00) 1. 00 -‘§.
23S0 ( 45— 90) 60
ZBS o0 ( 0— 45) 5 @g
BFRS ( 0. 10— 20. 00) 0. 10
BFLSO ( 90— 135) 120 ~::>§deg
ZR1S ( 0. 01— 50. 00) 1. 00 Q
ZR2S ( 0. 01— 50. 00) 1. 00 Q
748 ( 0. 01— 50. 00) 1. 0 Q
BRRS ( 0. 10— 20. 00) 0. Q
ZNDS ( 0. 01— 50. 00) Q
BNDS ( 0. 10— 20. 00) Q
Tz1S ( 0. 00— 10. 00) s
TZNDS ( 0. 0 s
7Z1G ( 1 Q
Z1XG ( 0. 1 Q
Z1Go1 ( 0 deg
Z1G60 2 ( 90 de g
BFR1G ( 0. 0. 10 Q
BFRXG ( 0. 0. 10 Q
Z2G ( 0. 0. 01 Q
BFR2G ( 0. 0. 10 Q
ZFG ( 0. 0. 01 Q
. 0. 10 Q
. 0 1. 00 Q
Q\- - 90) : 60 deg
0— 45): 5 de g
0. 10— 20. 00): 0. 10 Q
90— 135): 120 deg
0. 00— 50. 00): 0. 00 Q
0. 00—100. 00): 0. 00 Q
0. 01—100. 00): 1. 00 Q
0. 10— 20. 00): 0. 10 Q
0— 1000): 0 %
0— 1000): 0 %
0— 1000): 0 %
0— 1000): 0 %
0— 1000): 0 %
0— 1000): 0 %
0. 01—100. 00): 0. 01 Q
0. 10— 20. 00): 0. 10 Q
0. 00— 10. 00): 0. 00 s
0. 00— 1 00): 0. 00 s
0. 00— 5. 00): 0. 00 A
100— 120): 110 \%
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e Enter the numerical value and press the | ENTER | key for each element.

e After setting all elements, press the key to return to the "Protection element" menO

<PSB&OST> Q\
e Press 2 (= PSB&OST) to display the "PSB & OST" screen. The measuring eleme d
timers used in the power swing blocking and out-of-step tripping are set using this screen.

/7 PSB&OST 1/ 9 ¢
PSBSZ ( 0. 50— 15. 00): 0. 50 __ Q

PSBGZ ( 0. 50— 15. 00): 0. 50 __

TPSB ( 20— 60): 40 s

OSTR1 ( 3. 0— 30. 0): 1. 0

OSTR2 ( 1. 0— 10. 0): 1. 0

OSTXF ( 1. 0— 50. 0): 1. 0 Q

OSTXB ( 0. 2— 10. 0): 0. 2 Q

TOST1 ( 0. 01— 1. 00): 0. 01 s

TOST2 ( 0. 01— 1. 00): 0. 01 s

e Enter the numerical value and press the keyfo element.

e After setting all elements, press the key to re

<0C, DEF&UV> \!
e Press 3 (= OC, DEF&UV) to display&' C, DEF&UV" screen. The overcurrent,

undervoltage and directional earth fau ents and timers are set using this screen.

i
S

o the "Protection element" menu.

L 4

Q
o
&

L 4
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/7 OC, DEF&UV 1,/ %%
oCcH ( 2. 0— 15. 0): 2. 0 _ A
TSOTF ( 0— 300): 5 s
OCBF ( 0. 5— 10. 0): 0. 5 A
TBF1 ( 50— 500) : 50 ms
TBF2 ( 0— 500): 50 m s
DEFFI ( 0. 5— 5. 0) 0. 5 A
DEFFV ( 1. 7— 21. 0) 1. 7 \%
DEFRI ( 0. 5— 5. 0) 0. 5 A 4
DEFRV ( 1. 7— 21. 0) 1. 7 v,
DEF 6 ( 0— 90): 0 d@
TDEF ( 0. 00— 10. 00): 3. 00 -§-
TDER ( 0. 00— 10. 00): 3. 00
ocC ( 0. 5— 100. 0): 0. 5
TOC ( 0. 00— 10. 00): 1. 00 s
oCTI ( 0. 5— 25. 0): 0. 5 A
TOCI ( 0. 05— 1. 00): 1. 00
TOCIR ( 0. 0— 10. 0): 0 OQ s
EF ( 0. 5— A
TEF ( 0. 00— s
EF I ( 0. 5—
TEF I ( 0. 05—
TEFIR ( 0. 0— s
EFL ( 0. 5— A
uvcev  ( 10— Y
uvcz ( 0. 0— Q
Uuvceo ( 45— deg
UVFS ( 50— \Y
UVLS ( 50 : \%
UVFG ( 140 — 60) : 10 Y
UVLG ( 10 60) : 10 Y
ocCDP ( 10. 0): 4. 0 A
ovsi1 ( 5 50. 0): 120. 0 \Y
TOS11 ( 100. 0): 10. 00
TOS1 4 —300. 00): 0. 10 s
TOS1R . 0— 300. 0): 0. 0 s
0Ss1 10— 98): 95 %
TU, 0. 00—300. 00): 0. 10 s
\% LKI( 5. 0— 20. 0): 10. 0 \%

( 0. 10— 1. 00): 0. 20

( 0. 00—300. 00): 0. 00 s

( 2. 0— 10. 0): 5. 0 A

HMIP ( 0— 5. 0): 0. 0 A

TTHM ( 0. 5— 300. 0): 10. 0 min
THMA  ( 50— 99): 80 %

o Enter the numerical value and press the | ENTER | key for each element.
e After setting all elements, press the key to return to the "Protection element" menu.

<Command trip>

e Press 4 (= Command trip) to display the "Command trip" screen. The timers used in the
command protection are set using this screen(*).
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/7 Command trip 1/ 7
TDEFF( 0.00- 0.30): 0.00 _ S
TDEFR(C 0.00- 0.30): 0.00 s
TCHD ( 0- 50) : 12 ms
TCHDE ( 0- 100) : 20 m s
TREBK( 0.00- 10.00): 0.10 S
TECCB( 0.00-200.00) : 0.10 S
TSBCT( 0.00- 1.00) : 0.10 S

e Enter the numerical value and press the | ENTER | key for each timer.

e After setting all timers, press the key to return to the "Proteetionyelement setting"
menu.

(*) As described in the "Notes on setting", if the protection scheme is setito 3ZONE, Z1-EXT, PUP,

POP or UOP, no setting items are displayed in the "Command,tripthsereen. Press the key

to return to the upper screen.

Setting the autoreclose function
To set the autoreclose mode, scheme switches and autoreelose’elements, do the following:

Note: Depending on the autoreclose mode and sehemesswitch setting, some of the scheme switches
and autoreclose elements are not used and’so doynot need to be set. The autoreclose function
setting menu of the GRZ100 does not displaypunnecessary setting items. Therefore, start by
setting the autoreclose mode, and proceed,to set the scheme switch, then the autoreclose
elements.

As aresult of the above, noté®hat Soime 0f the setting items described below may not appear in
the actual setting.

e Press 3 (= Autoreclose) on th&y!Protection” screen to display the "Autoreclose" screen.

/5 Autorecdode (Group *)
l=Autoreclogel/ mode

2=Schemel swiitch

3=AutofMectm@se element

Setting the Autoreclose mode

e Press 1 (= Autoreglose mode) to display the "Autoreclose mode" screen.

769 Autoreclose mode
K=Diisable 2=SPAR 3=TPAR 4=SPAR&TPAR
1b=EXT1P 3=EXT3P
Current No.= 4 Select No. = _

e Sele¢t the autoreclose mode to be used by entering the number corresponding to the
autoreclose mode and press the | ENTER | key.

e Press the key to return to the "Autoreclose" screen.

Setting the scheme switches

e Press 2 (= Scheme switch) to display the "Scheme switch" screen.
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/6 Scheme switch 1/10
ARC-EXT 0=0ff 1=0n 0 —
ARC-DEF 0=0ff 1=0n 0
ARC-BU 0=0ff 1=0n 0
VCHK 0=0ff 1=LB 2=DB 3=SY 1
ARC-SM 0=0ff 1=S2 2=S3 3=S4 0
ARC-SUC 0=0ff 1=0n 0
VTPHSEL 1=A 2=B 3=C 1
VI-RATE 1=PH/G 2=PH/PH 1
3PH-VT 1=Bus 2=Line 1
UARCSW 1=P1 2=P2 3=P3 it

e Enter the number corresponding to the switch status to be set and,press the | ENTER | key for
each switch.

e After setting all switches, press the key to return to the ®Autoreclose" screen.

Setting the autoreclose elements

e Press 3 (= Autoreclose element) to display the "Autereclose element” screen.

<Autoreclose timer>

/6 Autoreclose elemenit (Group *)
l=Autoreclose timer
2=Synchrocheck

e Press 1 (= Autoreclose timer) tondisplay the "Autoreclose timer" screen.
/7 Autoreclose timer 1/13
TEVLV ( 0. 0l 4 10.0) : 1.00 _ S
TRDY1 ( 5& 300) : 60 s
TSPR1IL 0. 01 10.0) : 0.80 S
TTPR1 90..01-100.00) 0.60 S
TRR (. 0.%1-100.00) 2.00 S
TW1 ( 0.1- 10.0) 0.3 S
T S " 5.0- 300.0): 20.0 s
TS2R I 5.0- 300.0): 30.0 s
T3 ( 5.0- 300.0): 20.0 s
PS3IR ( 5.0- 300.0) 30.0 S
754 ( 5.0- 300.0) 20.0 S
PS4R ( 5.0- 300.0) 30.0 s
TSUC ( 0.1- 10.0) 3.0 s

e Enter the numerical value and press the | ENTER | key for each timer.

e ‘“After setting all timers, press the key to return to the "Autoreclose element" menu.

<Synchrocheck>

e Press 2 (= Synchrocheck) to display the "Synchrocheck" screen for voltage check and
synchronism check elements.
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/7 Synchrocheck 1/11
OVB ( 10- 150) : 51 _ \
UVB ( 10- 150) : 13 v
OVL1 ( 10- 150) : 51 \
UVL1 ( 10- 150) : 13 V
SYLUV ( 10- 150) : 83 \
SY10V ( 10- 150) : 51 v
SY1H ( 5- 75) : 30 deg
TSYN1( 0.01- 10.00): 0.01 s
TDBL1( 0.01- 1.00) : 0.01 S
TLBD1( 0.01- 1.00): 0.01 3
T3PLL( 0.01- 1.00) : 0.05 s

e Enter the numerical value and press the | ENTER | key for each element.

e After setting all elements, press the key to return to the "Awtoreclose element" menu.

Setting group copy

To copy the settings of one group and overwrite them,to another'group, do the following:

e Press 3 (= Copy group) on the "Protection” screen to digplay the "Copy group A to B" screen.

/3 Copy
A (
B (

group
17
17

A to B
8)
89

(Active

group= %)

e Enter the group number to be copiedyin line’A and press the | ENTER | key.
e Enter the group number to be overwritten by the copy in line B and press the | ENTER | key.

4.2.6.8Binary Input

The logic level of binary input Signals can be inverted by setting before entering the scheme logic.
Inversion is used when thelinputicontact cannot meet the requisite described in the Table 3.2.2.

e Press 7 (= Binary anput) on the "Setting (change)" sub-menu to display the "Binary input"

screen.
/2 oBimary input 1/ %%
BISW 3 1=Norm 2=Inv 1
BISW 2 1=Norm 2=Inv 1
BISW 3 1=Norm 2=Inv 1
BISW 4 1=Norm 2=Inv 1
BISW 5 1=Nornm 2=Inv 1
BISW16 1=Norm 2=Inv 1
BISW17 1=Nornm 2=Inv 1
BISWI8 1=Norm 2=Inv 1
BISW26 1=Norm 2=Inv 1
BISW27 1=Norm 2=Inv 1
BISW28 1=Norm 2=Inv 1
BISW34 1=Norm 2=Inv 1
BISW35 1=Norm 2=Inv 1
BISW36 1=Norm 2=Inyv 1
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e Enter 1 (= Normal) or 2 (= Inverted) and press the (ENTER ) key for each binary input.

4.2.6.9Binary Output

All the binary outputs of the GRZ100 except the tripping command, signal for command
protection and relay failure signal are user-configurable. It is possible to assign one signal or up to
6 ANDing or ORing signals to one output relay. Available signals are listed in Appendix B

It is also possible to attach a delayed drop-off delay time of 0.2 seconds to these signals. The delay
drop-off time is disabled by the scheme switch [BOTD].

Appendix D shows the factory default settings.

To configure the binary output signals, do the following:

Selection of output module

e Press 8 (= Binary output) on the "Setting (change)" screen tondisplay the "Binary output"
screen. The available output module(s) will be shown. (Thé seseen differs depending on the

relay model.)

/2 Binary
1=1I0%#2

output
2=10#3

e Press the number corresponding to the selgcted output module to display the "Binary output"

screen.

/3 Binary
Select BO

out pgat

1 - *x%

Select

CEEEEED

)

No. =

Note: This setting is required for albof the binary outputs. If any of the binary output is not used, enter
0 to the logic gates#1-#64h assigning signals.

Selecting the output relay:

e Enter the outputrelay number and press the | ENTER | key to display the "Setting" screen.

/40 Seftting
=61 c gate

2= Iinput to

type
logic

(BO1

& delay t
gate

of T10#2)

imer

Setting theflogic gate type and timer

e Press 1 to display the "Logic gate type and delay timer" screen.

/5 Logic gate
Logic 1=0R
BOTD 0=0ff

type
2=AND
1=0n

& delay

timer

e Enter 1 or 2 to use an OR gate or AND gate and press the [ENTER | key.

e Enter 0 or 1 to add 0.2s delayed drop-off time to the output relay if required and press the
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e Press the key to return to the "Setting" screen.

Assigning signals

Press 2 on the "Setting" screen to display the "Input to logic gate" screen.

/5 Input to logic gate 1/ 6
In #1( 0- 3071) 21
In #2( 0- 3071) 4
In #3( 0- 3071) 67
In #4( 0- 3071) 0
In #5( 0- 3071) 0
In #6 ( 0- 3071) 0

referring to Appendix B.

Assign signals to gates (In #1- #6) by entering the numbes, comesponding to each signal

Note: If signals are not assigned to all the gates #1-#6, entér Ojto the unassigned gate(s).

Repeat this process for the outputs to be configured.

4.2.6.10 LED

Four LEDs of the GRZ100 are user-configurablehEach is driven via a logic gate which can be
programmed for OR gate or AND gate operation. Further, each LED has a programmable reset
characteristic, settable for instantaneous drep=offi¥er for latching operation. The signals listed in
Appendix B can be assigned to each LEDfas#olléws.

Selection of LED
e Press 9 (= LED) on the "Settingy(change)" screen to display the "LED" screen.
/2 LED
Select L#AD ( 1- 4)
Select No.= _

e Enter the LED#umbes and press the | ENTER | key to display the "Setting" screen.

/30 Setting (LED 1)
TZLogic gate type & reset
2=Input to logic gate

Setting thelogic gate type and reset

Press 1 to display the "Logic gate type and reset" screen.

/4 Logic gate type & reset 1/ 2
Logic 1=0R 2=AND 1 _
Reset 0=Inst 1=Latch 1

e Enter 1 or 2 to use an OR gate or AND gate and press the | ENTER | key.
e Enter 0 or 1 to select “Instantaneous reset” or “Latch reset” and press the [ ENTER | key.
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e Press the key to return to the "Setting" screen.

Note: To release the latch state, refer to Section 4.2.1.

Assigning signals

e Press 2 on the "Setting" screen to display the "Input to logic gate" screen.

/4 Input to logic gate 1/ 4
In #1 ( 0- 3071) 21
In #2 ( 0- 3071) 4
In #3 ( 0- 3071) 67
In #4( 0- 3071) 0

e Assign signals to gates (In #1- #4) by entering the number comrespending to each signal
referring to Appendix B.

Note: If signals are not assigned to all the gates #1-#4, enter 0 to the,unassigned gate(s).

Repeat this process for other LEDs to be configured.

4.2.7 Testing

The sub-menu "Test" provides such functions asWsettifig of test switches, manual starting of
automatic tests, forced operation of binary outputsytimeimeasurement of the variable setting timer
and logic signal observation.

4.2.7.18etting the Switches
The automatic monitor function (ACM.E.) can be disabled by setting the switch [A.M.F] to "Off."

Disabling the A.M.F. inhibits {rip, blogking even in the event of a failure in the items being
monitored by this function. It alse préyents failures from being displayed on the "ALARM" LED
and LCD described in Section@.2.T9No events related to the A.M.F. are recorded, either.

Disabling A.M.F. is usefulffor blo€king the output of unnecessary alarms during testing.
Note: Set the switch‘PA.MeE] to "Off" before applying the test inputs, when the A.M.F is disabled.
When a three-phasgfyoltage source is not available, the distance measuring element operation can

be tested using asinglesphase voltage source by setting the switch [Z1S-1PH] to "On". This is not
fit for the high-accuraey test, though.

The switchfZB-CTRL] is used to test the Z1 characteristic with offset or not. When the switch
[ZB-CTRLYS set'to "1", the Z1 is an offset characteristic. When the switch [ZB-CTRL] is set to
"2" gthe Z1%s, a characteristic without offset.

X X

A — R y
. L .
D S~ Offset A W
characteristic )
(a) Mho (setting "1") (b) Quadrilateral

Figure 4.2.7.1 Z1 Characteristics by [ZB-CTRL] Setting
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The gradient characteristic of Zone 1 and Zone 1X reactance elements is obtained only when the
load current is transmitted from local to remote terminal. So, the switch [ XANGLE] is used to fi%
the gradient characteristic for testing. When testing, the switch [XANGLE] is set to "1".

X

71561 or Z1Go1

Figure 4.2.7.2 Gradient Characteristic of Zone 1 and Zone 1X
DOCN element can operate during a power swing condition. So, to téstthe DOCN characteristic,
the switch [DOCN-C] is used. When testing, the switch [DOCN-Cl4s,set to "1".

The switches [Z1S-1PH], [ZB-CTRL], [ XANGLE] and [D@EN-C} are implemented only for the
function test.

While the switch [A.M.F] is set to "0", [Z1S-1PH] is set to,'1", [ZB-CTRL] is set to "1" or "2",
[XANGLE] is set to "1", [DOCN-C] is set to "1"{themed W TESTING" LED is lit for alarming.

Caution: Be sure to restore these switches after theytests are completed.

Disabling automatic monitoring

e Press 5 (= Test) on the top "MENU! sergen fo display the "Test" screen.

/1 Test

1=Switch 2=Manual test
3=Binary o ugdp 0t 4=Timer
b5=Logic cifrduiint

e Press 1 (= Switchito digplay the Switch screen.

e Enter 0 for A.M.Eto disable the automatic monitoring function and enter 1 for Z1S-1PH to
enable the testtd useya single-phase voltage source.
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/2 Switch 1/ 29
A. M. F. 0=0ff 1=0On 1
Z1S—1PH 0=0ff 1=On 0
ZB—CTRL O=Norm 1=OFST 2=Non—OFST 0
XANGLE 0=0ff 1=0On 0
DOCN—-C 0=0ff 1=On 0
L. test 0=0ff 1=On 0
T. test 0=0ff 1=0On 0
D. test 0=0ff 1=0On 0
IECTST 0=0ff 1=On 0
THMRST 0=0ff 1=On 0
UVTEST 0=0ff 1=On 0
COM1 0=0ff 1=On 0
COM?2 0=0ff 1=On 0
COM3 0=0ff 1=On 0
CcCOM4 0=0ff 1=0On 0
COMS5 0=0ff 1=On 0
COM®6 0=0ff 1=On 0
CcCOM7 0=0ff 1=On 0
COMS8 0=0ff 1=On 0
COM?9 0=0ff 1=0On 0
COM10 0=0ff 1=0On 0
COM11 0=0ff 1=0On 0
COM1 2 0=0ff 1=On 0
COM1 3 0=0ff 1=On 0
COM1 4 0=0ff 1=On 0
SCOM1 0=0ff 1=0On 0
SCOM2 0=0ff 1=0On 0
SCOM3 0=0ff 1=0On 0
SCOM4 0=0ff 1=0Qn 0

Testing the offset characteristic of 21

e Enter 0 for [A.M.F] to disable,the“automatic monitoring function and enter 1 for [ZB-CTRL]
to modify the offset characteristic foxcibly.

e Press the key to return to)the "Test" screen.

Testing the gradient characteristic of Zone 1 and Zone 1X

e Enter 0 for [A.M#] to disable the automatic monitoring function and enter 1 for [XANGLE)]
to modify the gradientcharacteristic forcibly.

e Press the Key to return to the "Test" screen.

Testing the characteristic of DOCN

e Fnter O%or A.M.F to disable the automatic monitoring function and enter 1 for [DOCN-C] to
enable the DOCN element to operate.

e Presgthe key to return to the "Test" screen.

L.TEST, T.TEST and D.TEST

When [L.TEST] is set to “ON”, the data received from the remote terminal(s) are not used. Thus in
the three-terminal application, the out-of-service terminal can carry out a local relay testing
without disturbing the in-service terminals.

[T.TEST] and [D.TEST] are valid when the integral digital communication applied.

When the [T.TEST] is set to “ON”, the local data is looped into the receiving circuit interrupting
the data from the remote terminal as well as transmitted to the remote terminal.
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Note: The switch [T. TEST] must be used only when all the terminals are out-of-service.

The [D. TEST] is used to test the relay models with an optical interface. Setting the [D. test] to "1"
(= On) enables loop-back tests under the direct connection of the communication circuit.

IECTST
e Enter 1(=On) for [IECTST] to transmit ‘test mode’ to the control system by IEC60870-5-103
communication when testing the local relay, and press the [ENTER | key.

e Press the key to return to the "Test" screen.

THMRST

The switch [THMRST] is used to perform the thermal overload elementtest because the resetting
time is in the order of minutes. The thermal overload element is instantanedusly reset when the
[THMRST] is ON.

e Enter 1(=On) for testing the thermal overload element, and'presSithe |ENTER ] key.
e Press the key to return to the "Test" screen.

UVTEST
e Enter 0(=0ff) or 1(=On) to set disable/enableythe®™0V blocking (UVBLK) and press the

(ENTER] ke

e Press the key to return to the "Test" Sereen.

COM=* and SCOM=*

In the integral digital communication, if' is possible to forcibly send communication data [COM1]
to [COM14] and [SCOM1] to [SC@M4Afor testing. If testing, a desired communication data is set
to ON” and press 1(=Telecommmghannel test) on the "Manual test" screen.

4.2.7.2Manual Testing

When the external communieation is applied, the automatic test of the telecommunication circuit
can be performed manually'by key operations. The manual test performed here is also counted as
the count displayeddin Segtion 4.2.3.4.

e Press 2 (= Manual test) on the "Test" screen to display the "Manual test" screen.

/2 W&nual test

/Tlée lecomm channel test

Press number to start test.

Performing the signal channel test

e Press 1 on the "Manual test" screen to start the test. The display shown below appears.

/2 Manual test

Telecomm channel testing...

If the test is completed normally, the display shown below appears on the LCD for 5 seconds and
then changes to the "Manual test" screen.
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/2 Manual

Telecomnm

test

channel

testing. ..

Completed.

If an abnormality is found during testing, the LCD displays the following indication for 5'seconds

and returns to the "Manual test" screen. The "ALARM" LED remains lit.

/2 Manual test
Telecomm channel testing...

Remote 1 failed.

Note: Under any of the following conditions, the test will not start. Neither "Completed" nor the

"Failed" screen is displayed.

- BOP is not selected as the protection scheme.

- Telecommunication equipment is out of service.
- Scheme switch [CHMON] is set to "OFF."

- Circuit breaker is open.

4.2.7.3Binary Output Relay

It is possible to forcibly operate all binary output telay$sfor checking connections with external
devices. Forced operation can be performed on‘ene op more binary outputs at a time for each

module.

e Press 3 (= Binary output) on the "Test}fscteen to display the "Binary output” screen.

/2 Binary outédput
1=10#1

2=T10%H2

3=10#3

The LCD displays the outputsmodules mounted depending on the model.

o Enter the selectedy number gorresponding to each module to be operated. Then the LCD
displays the name pf the module, the name of the output relay, the name of the terminal block

and the terminal fumber to which the relay contact is connected.

/3 B0 (0=Disable 1=Enable) 1/14
1082 9BOI 1
oo 2% B 02 1
[O0#2 BO3 1
[0%#2 BO4 0
JO#2 BO5 0
I0#2 BO6 0
I0#2 BO7 0
I0#2 BOS 0
I0#2 BO9 0
I0#2 BO10O 0
102 BO11 0
I10#2 BO12 0
10#2 FAIL 0
I0#2 BO13 0
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e Enter 1 and press the [ENTER | key.

e After completing the entries, press the key. Then the LCD displays the screen showi

below.

/3 BO

Keep pressing 1 to operate.

Press CANCEL to cancel.

e Keep pressing | 1] key to operate the output relays forcibly.

e Release the | 1| key to reset the operation.

e Press the [ CANCEL| key to return to the upper screen.

4.2.7.4Timer

The pick-up or drop-off delay time of the variable timer usedsin the,scheme logic can be measured
with monitoring jacks A and B. Monitoring jacks A and B @remsed to observe the input signal and

output signal to the timer respectively.

e Press 4 (= Timer) on the "Test" screen to displaythe Timer" screen.

/2 Timer
Timer ( 1- 6 00, : 1

1/ 1

e Enter the number corresponding to the timer to be observed and press the | ENTER | key. The

timers and related numbers arglisted in Appendix C.

e Press the key to displayithe following screen.

/2 Timer
Press WENTBQER, to operate.

Prege OQANCEL to cancel.

e Press the | ENTER | key to operate the timer. The "TESTING" LED turns on, and the timer is

initiatedsand the'following display appears. The input and output signals of the timer can be
observedat monitoring jacks A and B respectively. The LEDs above monitoring jacks A or B

are also litsif the input or output signal exists.

/2 Timer

Operating. ..

Press END to reset.
Press CANCEL to cancel.

o Press the | CANCEL| key to test other timers.

e Press the key to reset the input signal to the timer. The "TESTING" LED turns off.

To measure the drop-off delayed time, press the key after the LED above jack B lights.
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4.2.7.5Logic Circuit
It is possible to observe the binary signal level on the signals listed in Appendix B with monitorin
jacks A and B. 6

e Press 5 (= Logic circuit) on the "Test" screen to display the "Logic circuit" screen. 0

/2 Logic circuit
TermA ( 0- 3071) : 1
TermB ( 0- 3071) : 48 ¢
e Enter a signal number to be observed at monitoring jack A and press the key.
e Enter the other signal number to be observed at monitoring jack B an e |ENTER | key.

After completing the setting, the signals can be observed by the b@ic level at monitoring
jacks A and B or by the LEDs above the jacks.

On screens other than the above screen, observation with the itoring jacks is disabled.
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4.3 Personal Computer Interface

The relay can be operated from a personal computer using an RS232C port on the front panelg#On
the personal computer, the following analysis and display of the fault voltage and currentjare
available in addition to the items available on the LCD screen.

e Display of voltage and current waveform: Oscillograph, vector display

e Symmetrical component analysis: On arbitrary time span
e Harmonic analysis: On arbitrary time span
e Frequency analysis: On arbitrary time span

4.4 Relay Setting and Monitoring System

The Relay Setting and Monitoring (RSM) system is a system that rétrieves and analyses the data
on power system quantities, fault and event records and viewsfor¢hanges settings in individual
relays via a telecommunication network using a remote PC.

For the details, see the separate instruction manual "PC INTERFACE RSM100".

Figure 4.4.1 shows the typical configuration of the RSM System via a protocol converter G1PR2.
The relays are connected through twisted pairfeablesyand the maximum 256 relays can be
connected since the G1PR2 can provide up to 8 portsyThe total length of twisted pair wires should
not exceed 1200 m. Relays are mutually connectedusing’an RS485 port on the relay rear panel and
connected to a PC RS232C port via G1PR2. @erminal resistor (150 ohms) is connected the last
relay. The transmission rate used is 64 kbits7S)

Figure 4.4.2 shows the configurationg@fithe RSM system with Ethernet LAN (option). The relays
are connected to HUB through UTP cable using RJ-45 connector at the rear of the relay. The relay
recognizes the transmission speed automatically.

In case of the optional fiber opticdnterface (option), the relays are connected through graded-index
multi-mode 50/125um or 62.5/125um type optical fiber using ST connector at the rear of the
relay.

Relay 32 Relay 3 Relay 2 Relay 1

H o o
= E =] °
Twisted paired
cable
Protocoal
converter
G1PR2
RS-232C RS-485
Personal D-type 9-way connector

cormputer Straight type

Figure 4.4.1 Relay Setting and Monitoring System (1)
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UTP cable
(10Base-T)

g
== Other | S
PC HUB. relays Relay

Figure 4.4.2 Relay Setting and Monitoring System (2)

4.5 IEC 60870-5-103 Interface

The GRZ100 can support the IEC60870-5-103 communication protocal. Fhiswprotocol is mainly
used when the relay communicates with a control system and is uséd toiteansfer the following
measurand, status data and general command from the relay to theqcontrobsystem.

e Measurand data: current, voltage, active power, freaetive power, frequency
e Status data: events, fault indications, etc.

The IEC60870-5-103 function in the relay can be customized/with the original software “IEC103
configurator”. It runs on a personal computer (PC) connectedyto the relay, and can help setting of
Time-tagged messages, General command, Meteting, ete. For details of the setting method, refer
to “IEC103 configurator” manual. For the default'settifigeof IEC60870-5-103, see Appendix N.

The protocol can be used through the RS485 portyon the relay rear panel and can be also used
through the optional fibre optical interface. Theyrelay connection is similar to Figure 4.4.1.

The relay supports two baud-rates 9.6kbps'and¥9.2kbps.
The data transfer from the relay canfbe blocked by the setting.
For the settings, see the Section4.2.6:4.

4.6 Clock Function

The clock function (Calendar clock) is used for time-tagging for the following purposes:

e Event records

¢ Disturbanee records

e Fault records

e Meteting

e Autematie’supervision

o Display of the system quantities on the digest screen

oWDisplay of the fault records on the digest screen

® Display of the automatic monitoring results on the digest screen

The“ealendar clock can run locally or be synchronized with the external IRIG-B time standard
signal, RSM, IEC or RMT. This can be selected by setting. The relay with “RMT” setting is
synchronized with clock of the remote terminal relay with the other setting. (For setting, see
Section 4.2.6.6.)

If it is necessary to synchronize with the IRIG-B time standard signal, it is possible to transform
GMT to the local time by setting.

When the relays are connected to the RSM system as shown in Figure 4.4.1, the calendar clock of
each relay is synchronized with the RSM clock. If the RSM clock is synchronized with the
external time standard (GPS clock etc.), then all the relay clocks are synchronized with the
external time standard.
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5. Installation

5.1 Receipt of Relays

When relays are received, carry out the acceptance inspection immediately. In particular,ehieck
for damage during transportation, and if any is found, contact the vendor.

Check that the following accessories are attached.

3 pins for the monitoring jack, packed in a plastic bag.
An attachment kit required in rack-mounting, if ordered. (See Appendix FY)

1 large bracket with 5 round head screws, spring washers and washers{(M4 X 10)
1 small bracket with 3 countersunk head screws (M4 X 6)
2 bars with 4 countersunk head screws (M3 X 8)

Always store the relays in a clean, dry environment.

5.2 Relay Mounting

Either a rack or flush mounting relay is deliveréd @ssdesignated by the customer. The GRZ100
models are classified into two types by their casesizejtype A and type B. Appendix F shows the
case outlines.

If the customer requires a rack-mounting relay, support metal fittings necessary to mount it in the
19-inch rack are also supplied with the relay,

When to mount the relay in the rack; detach the original brackets fixed on both sides of the relay
and seals on the top and bottom of thedelay. Attach the larger bracket and smaller bracket on the
left and right side of the relay respeetively and the two bars on the top and bottom of the relay.

How to mount the attachment Kit,/sée Appendix F.

Dimensions of the attachmefit kitssEP-101 and EP-102 is also shown in Appendix F.

5.3 Electrostatic Discharge

ACAUTION

Do not take out'any modules outside the relay case since electronic components on the modules
are very semSitwesto electrostatic discharge. If it is absolutely essential to take the modules out of
the case, do_not touch the electronic components and terminals with your bare hands.
Additionallyy always put the module in a conductive anti-static bag when storing it.

5.4 Handling Precautions

A person's normal movements can easily generate electrostatic potential of several thousand volts.
Discharge of these voltages into semiconductor devices when handling electronic circuits can
cause serious damage, which often may not be immediately apparent but the reliability of the
circuit will have been reduced.

The electronic circuits are completely safe from electrostatic discharge when housed in the case.
Do not expose them to risk of damage by withdrawing modules unnecessarily.

Each module incorporates the highest practicable protection for its semiconductor devices.
However, if it becomes necessary to withdraw a module, precautions should be taken to preserve
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the high reliability and long life for which the equipment has been designed and manufactured.

ACAUTION

e Before removing a module, ensure that you are at the same electrostatic potential as“the
equipment by touching the case.

e Handle the module by its front plate, frame or edges of the printed circuit board. Avoid
touching the electronic components, printed circuit board or connectors.

e Do not pass the module to another person without first ensuring you aregboth at the same
electrostatic potential. Shaking hands achieves equipotential.

e Place the module on an anti-static surface, or on a conducting surface which is at the same
potential as yourself.

e Do not place modules in polystyrene trays.

It is strongly recommended that detailed investigations on electroniéy¢ircuitry should be carried
out in a Special Handling Area such as described in the IEC 60747

5.5 External Connections

External connections are shown in Appendix G.
Electrical interface for telecommunication

The connector should be handled as follows:

e Insert the connector horizontally and tighten both upper and Connector
lower screws alternately. @ “( o [T Y
® Do not touch the connector pin with your bare hand. :D
ffiff::l:l\
& Screw

Optical interface for telecommunigation
The optical cables tend to ceme/down, therefore, bending requires special attention.

Handling instructionsyof optieal cable are as follows:
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Ne Instructions
1 | Do not insert the connector obliquely. e

2 | Tighten the connector when connecting.

3 | Do not pull the cable. —

4 | Do not bend the cable.

5 | Do not bend the neck of the connector.

6 | Do not twist the cable.

‘.‘ ‘i
7 | Do not kink in the cable. @ \_ -/
HE — S
[ Y Jf__"-\
10 )

TS I\ e /}
8 | Do not put and drop on theK

%mm or less in radius.

9 | Do not ben N
(*)Length S characteristics of optical cable.

. | D
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6. Commissioning and Maintenance

6.1 Outline of Commissioning Tests

The GRZ100 is fully numerical and the hardware is continuously monitored.

Commissioning tests can be kept to a minimum and need only include hardware tests and
conjunctive tests. The function tests are at the user’s discretion.

In these tests, user interfaces on the front panel of the relay or local PC can be fullyjapplied.

Test personnel must be familiar with general relay testing practices and safety ptecautions to avoid
personal injuries or equipment damage.

Hardware tests

These tests are performed for the following hardware to ensute, thatthere is no hardware defect.
Defects of hardware circuits other than the following can bedetecteéd by monitoring which circuits
functions when the DC power is supplied.

User interfaces
Binary input circuits and output circuits
AC input circuits

Function tests

These tests are performed for the follewing(functions that are fully software-based. Tests of the
protection schemes and fault locatdr require a dynamic test set.

Measuring elements
Timers

Protection schemes
Autoreclose

Metering and recording
Fault locator

Conjunctive tests

The tests are Wperformed after the relay is connected with the primary equipment,
telecommudication equipment and other external equipment.

Thedollowing tests are included in these tests:

On load test: phase sequence check and polarity check
Signaling circuit test
Tripping and reclosing circuit test
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6.2 Cautions

6.2.1

Safety Precautions O

ACAUTION c)

The relay rack is provided with a grounding terminal.

Before starting the work, always make sure the relay rack is grounded.

When connecting the cable to the back of the relay, firmly fix it to the terminal Block and
attach the cover provided on top ofit.

Before checking the interior of the relay, be sure to turn off the power.

Failure to observe any of the precautions above may cause electric sho@lfunction.

6.2.2

Cautions on Tests
ACAUTION Q

o

While the power is on, do not connect/disconne

th@ble on the front of the printed
circuit board (PCB).
While the power is on, do not mount/dismo

Before turning on the power, check the foll&
- Make sure the polarity and voltage of tQ supply are correct.

- Make sure the CT circuit is not ope
- Make sure the VT circuit is not sh@ted.
Be careful that the transformer e isot damaged due to an overcurrent or overvoltage.

If settings are changed for testi

emember to reset them to the original settings.

Failure to observe any of the p@) s above may cause damage or malfunction of the relay.
t

Before mounting/dismounti

CB, take antistatic measures such as wearing an earthed

wristband. P

Q
o
&

L 4
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6.3 Preparations

Test equipment
The following test equipment is required for the commissioning tests.
1 Three-phase voltage source O
1 Single-phase current source
1 Dynamic three-phase test set (for protection scheme test)
1 DC power supply ¢
3 AC voltmeters
3 Phase angle meter
1 AC ammeter 2

1 DC voltmeter

1 Time counter, precision timer
1 PC (not essential) 0
Relay settings Q
Before starting the tests, it must be specified whether the % use the user’s settings or the

default settings.

For the default settings, see the following appendi
Appendix D Binary Output Defa ctti
Appendix H Relay Setting Shee‘\

Visual inspection

After unpacking the product, check y age to the relay case. If there is any damage, the

internal module might also have b ffected. Contact the vendor.

Relay ratings

Check that the items described o nameplate on the front of the relay conform to the user’s
specification. The items aregrela; e and model, AC voltage, current and frequency ratings, and
auxiliary DC supply Vglta@g

Local PC \

When using a loc nnect it with the relay via the RS232C port on the front of the relay.
RSM100 softw@ ired to run the PC.
For the detai separate volume "RSM100 instruction manual".

%

%
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6.4 Hardware Tests

The tests can be performed without external wiring, but a DC power supply and an AC voltag
current source are required.

6.4.1 User Interfaces C)

This test ensures that the LCD, LEDs and keys function correctly. S
LCD display

e Apply the rated DC voltage and check that the LCD is off. \:
@the DC voltage is

Note: If there is a failure, the LCD displays the "Auto-supervision" scre

applied.
o Press the |[RESET | key for 1 second when the LCD is off, a at black dots appear on

the whole screen.
%‘ LED is lit in green.

ff, and check that seven LEDs under
ing jacks A and B are lit in red.

LED display
e Apply the rated DC voltage and check that the "I

e Press the | RESET | key for 1 second when th

the "IN SERVICE" LED and two LEDs for

it

VIEW and RESET keys
e Press the | VIEW | key when the @d check that the "Metering" screen is displayed

on the LCD.
e Press the |[RESET | key and N the LCD turns off.
Keypad ‘

e Press any key on’the eypad when the LCD is off and check that the LCD displays the

"MENU" screen. Préss theEND) key to turn off the LCD.
e Repeat this forall .

L 4
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6.4.2 Binary Input Circuit

The testing circuit is shown in Figure 6.4.2.1.
GRZ100
8 BI1 o
_% -
e BI2
L 4
BI15 %
Ll Bl16 \
BI17
BI18 0
B
BI19
v BI20 ;
BI28
™8 BI34
BI35
13
power
supply - 17
Terminal block (TB) and Terminal numbers are
depending on the relay model. Refer to Appendix G.

6.4.2.1 Testing Binary Input Circuit

e Display the " input & output status" screen from the "Status" sub-menu.
ary input & output 3/ 8

(10#1) f0ooo 000 000 000 1

t (10#2) 000 1

(I10#3) [000 000 000 O 1

(10#4) 000 1

Output (IO#1-trip) [000 000 1
Output (I0#2) 000 000 000 000 00 1
Output (I0#3) 000 000 000 O 1

r's Qutput (T0#4) 000 000 000 000 00 1

e Apply rated DC voltage to terminals of each binary input circuit.
Note: Terminal number depends on the relay model. So see Appendix G for details.

Check that the status display corresponding to the input signal changes from 0 to 1. (For the
binary input status display, see Section 4.2.4.2.)

The user will be able to perform this test for one terminal to another or for all terminals at once.
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6.4.3 Binary Output Circuit

This test can be performed by using the "Test" sub-menu and forcibly operating the relay driyefs
and output relays. Operation of the output contacts is monitored at the output terminal. The output
contact and corresponding terminal number are shown in Appendix G.

e Press 3 (= Binary output) on the "Test" screen to display the "Binary output" screen. The LCD
displays the output modules installed depending on the model.

e Enter the selected number corresponding to each module to be operated. Th€ LCD will display
the name of the module, the name of the output relay, the name of théterminal block and the
terminal number to which the relay contact is connected.

e Enter 1 and press the | ENTER | key.

e After completing the entries, press the key. The LCD 4will display the screen shown

below. If 1 is entered for all of the output relays, the following forcible operation can be
performed collectively.

/3 BO

Press

Keep pressing

CANCEL

1 to operalet’

to canced.

e Keep pressing the | 1 | key to operate the ofifput relays forcibly.

e Check that the output contacts operate atgheterminal.

e Release the | 1| key to reset theoperation.
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6.44 AC Input Circuits

This test can be performed by applying known values of voltage and current to the AC inp®
circuits and verifying that the values applied coincide with the values displayed on the @
screen.

The testing circuit is shown in Figure 6.4.4.1. A three-phase voltage source and a sing se
current source are required.

1
Three-phase - g
voltage Vb
source 1 Ve
-1
o o o

_®__l | I I [ TB1} -1 |
Single-phase = a

current
source

&

= 3,

1007

40 = 3lom

TB44 -A16

DC +
power
supply _ -A17

+ O
@gure 6.4.4.1 Testing AC Input Circuit

e Check that tI@& data is set to be expressed as secondary values (Display value = 2) on

ll}l
O/
m

the "Metering" screen.
"Setting
If

sub-menu — "Status" screen — "Metering" screen

\ s Primary (Display value = 1), change the setting in the "Setting (change)"
-ndenu. Remember to reset it to the initial setting after the test is finished.

"Metering" screen in the "Status" sub-menu.
"Status" sub-menu — "Metering" screen

o Aﬁply AC rated voltages and currents and check that the displayed values are within = 5% of the
input values.

245



TOSHIBA 6F2S0834

6.5 Function Test

CAUTION

The function test may cause the output relays to operate including the trippinggoutput
relays. Therefore, the test must be performed with tripping circuits disconnected.

6.5.1 Measuring Element

Measuring element characteristics are realized by software, so it is possible t0 vesify the overall
characteristics by checking representative points.

Operation of the element under test is observed by the binary output sign@Bat monitoring jacks A
or B or by the LED indications above the jacks. In any case, the signal mumber corresponding to
each element output must be set on the "Logic circuit" screen of the "Test"*8ub-menu.

/2 Logic circuit 1/ 2
TermA ( 0- 3071) (N
TermB ( 0 - 3071) 0

When a signal number is entered for the TermA line, theysignal is observed at monitoring jack A
and when entered for the TermB line, observed,at menitoring jack B.

Note: The voltage level at the monitoring ja€ks 1S&d5V £3V for logic level "1" when measured by
an instrument with 10kQ input impedange, and less than 0.1V for logic level "0".

CAUTION

e Use test equipment withymofe than 1 kQ of internal impedance when observing the
output signal at the monitoring jacks.

e Do not apply an extepmal, voltage to the monitoring jacks.

In case of a three-phase element, it isienough to test a representative phase. A-phase and AB-phase
elements are selected for the eagth®fault element and phase fault element respectively hereafter.
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6.5.1.1Distance Measuring Element Z1, Z1X, Z2, Z3, Z4, ZF, ZR1, ZR2 and PSB
Phase fault element reach test
The test voltage and current input test circuit is shown in Figure 6.5.1.1. O

OO O: N O

Three-phase 12 —=Va L 4

voltage 13 —=Vb
source
=V,
™ \

A
b o b 5 ' g[
oV e—
_®__| | [ LT I TB1, 1
Single-phase 2 =
current
source R
= Ib
DC + A16
power
supply - y -A17
DC
voltmeter

Measu element Signal number
Z1S-A 34
SQK 3
Qs- B 40
S-AB 43
@ Z4S-AB 46
\ ZFS-AB 577
ZR1S-AB 553
ZR2S-AB 557
¢ ZNDS-AB 581
PSBSIN-AB 323
PSBSOUT-AB 49

e Press 5 (= Logic circuit) on the "Test" screen to display the "Logic circuit" screen.

e Enter a signal number to be observed at monitoring jack A and press the [ ENTER | key.
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e Apply three-phase rated voltage.

e Choose a test current IT by referring to the table below, the table shows the relationshi
between the reach setting, test current and measuring error.

Reach setting IT Error O
0.01-0.05Q 25A +10%

(0.1-0.20Q SA)(*)

0.06 - 0,090 20A 7% I
(03-04Q 47)

0.10 - 1.000 10A 5% %
(05-5.00 20)

1.01-10.00Q 5A +5% @

(5.1-50.00Q 1A)

10.01 - 20.00Q 25A +5% 0
(50.1 - 100.0Q 0.5A)

20.01 - 50.00Q2 1A +7% Q
(100.1 - 250.00Q 0.2A)

(*) Values shown in parentheses are in
Other values are in the case of 5A rati

e Set the voltage and current phase relationshi 0
=-Vgand IT lags V4 by 0 or 6 + 180°. er\ n testing.
Ve (b IT I

\90@
Vp Va Y \Y;
b u a
0

L 4 0+ 180°

Y,

Z 28, Z3S and PSB 248

o gnitude of Vg and Vp while retaining the conditions above and measure the
oltage Viy at which the element operates.
. t
tha

retical operating voltage is obtained by 2IT x ZS when the setting reach is ZS. Check
e measured voltage is within the above-mentioned error of the theoretical voltage value

when it is expressed with 2Vg4 (= V4 — Vp).
4

Element reach setting (ZS) IT 2ITxZS  Measured voltage (2V3a)
Z18

Z1XS

Z2S

Z3S
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Element reach setting (ZS) IT 2lTxZS  Measured voltage (2V3)

Z4S

255 O
ZR1S O
ZR2S

ZNDS
PSBSIN
PSBSOUT

4
[Testing of Zone 1 bending characteristic] \
The test circuit and test method is same as above.

The operating voltage of Zone 1 bending characteristic can be calculate follows:

X : Q
(X1, R1.-)'j _____________ @
1 setting angle

21502 setting angle
\92
0

tan 6,
1 ! 1+tan6’ 1
V=X1—-= 2 .
?" sin@ 1_|_tan91 ind
ta

where, O
X is the Z18 setting rgaxv
0 is the angle dik&e

Note: Toshiba recommend that a minimum of three values for 0 be tested to check that the

ay settings have been applied.
%nust be taken in choosing values of  to ensure that the testing points come
\' n the operating boundary defined by the Z1S 82 setting and either the load
inder or mho settings, as appropriate.

een voltage and current.
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Earth fault element reach test

The test circuit is shown in Figure 6.5.1.2.

GRz100
\Y,
TB1 [ -11
Three-phase -12 =Va
voltage =>Vb

-13
source
Ve
1 =

Monitori A
¢ jack
oV, &—
O [ TB1] -1 |
Single-phase 2 —a
current p
source | 7
-8 Q

DC +
power
supply -

DC
voltmeter

Figure 6.5. @Earth-Fault Element

al number are listed below.

Measuri t  Signal number
Z1 19
& Z1XG-A 22

N 25
N&G-A 28
O 4G-A 31
ZFG-A 503

@ ZR1G-A 569

ZR2G-A 573

ZNDG-A 597

PSBGIN-A 561

. PSBGOUT-A 565

e Press 5 (= Logic circuit) on the Test screen to display the Logic circuit screen.
e Enter a signal number to be observed at monitoring jack A and press the | ENTER | key.
e Apply three-phase rated voltage.

e Choose a test current IT by referring to the table below, the table shows the relationship
between the reach setting, test current and measuring error.
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Reach setting IT Error
0.01-0.05Q 25A +10%

(0.1-020 5A)() O
0.06 - 0.090 20A 7%
(03-04Q 4n) C)

0.1-1.00Q 10A +5%
(0.5-5.00 2A)
1.01-10.0Q 5A +5%
(5.1-50.002 1A)

IS
10.01 - 20.00 2.5A 5% %
(50.1 - 100Q 0.5A)
20.01 - 50.00 1A +7% @
(100.1 - 2500 0.2A)
50.01 - 1000 0.6A +10%

(250.1 - 50002 0.12A)

(*) Values shown in parentheses are in the case of 1A rating. Ot alues are in the case of 5A rating.

e Set the test voltage and test current phase relation as s ow. That is, Vg, Vp, and V¢ are
balanced, and IT lags V3 by 6 or 6 + 180°. 6 is 90 ting.
Va Va

&
>

0+180°

Ve Vb c Vb
Z1G, Z1XG, Z2G [and Z4G

e Adjust the magni Na while retaining the conditions above and measure the voltage at

reach is Z k that the measured voltage is within the above-mentioned error of the
theoret

Kxs

100 ~ !
716, 7AXG, 72G, ZR1G: Vop = ZG x (IT + —5——xIT)
738, 74G, ZR2G, ZNDG: Vop = IT x ZG

Element Z2G IT Vop Measured voltage

21G
Z1XG
722G
Z3G
Z4G
ZR1G

which the elex ates.
e The theoreti¢al'o ing voltage Vop is obtained by the following equations when the setting
h
i age.
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Element 2G IT Vop Measured voltage
ZR2G

ZNDG

PSBGIN

PSBGOU
T

[Testing of Zone 1 bending characteristic]

The test circuit and test method is same as above.

The operating voltage of Zone 1 bending characteristic can be calculated ag foellows:
X

X1, Ry)

01: Z0GH1°setting angle

02" ZA G2 setting angle
,.-"';\92
0 R
tan @
X, (1 + tan 91 J
vexr.—1 - no, ) A4
P~ % sin@ tan®, I, sifi 0
tan Oy 'Y
where,
_ 1 _ 1
va:I+kxs 0010+kxm IOm’I'r:I+krS OOI +krm
’ 100 100

X, is the Z1G setting r€ach:

0 is the angle differencebetween voltage and current.

Note: Teshibasecommend that a minimum of three values for 0 be tested to check that the
cofreet relay settings have been applied.

Caré must be taken in choosing values of 8 to ensure that the testing points come
Wwithin the operating boundary defined by the Z1G 62 setting and either the load
blinder or mho settings, as appropriate.
6.5.1.20ut-of-step Element OST
Thegtesting circuit is shown in Figure 6.5.1.1.

The output signal numbers of the OST-ZM and OST-ZN elements are as follows:

Measuring element Signal number
OST-ZM 84
OST-ZN 85

The followings are the cases for OST-ZM. (The test procedure for OSTR1 and OSTR2 must be
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changed in case of OST-ZN.)
e Press 5 (= Logic circuit) on the "Test" screen to display the "Logic circuit" screen.

e Enter 84 as a signal number to be observed at monitoring jack A and press the

e Apply a three-phase rated voltage.
e Choose a test current IT by referring to the table below, which shows the relation of st
reach and test current.
Reach setting IT

0.2-3.00 10A
(1-150 2.0A)(*)

*
3.1-10.0Q 5A \
(16 - 5002 1.0A) 0

10.1-20.0Q 2.5A

(51- 10002 0.5A)

201-300Q  15A Q

(101 - 1502 0.3A)

30.1-50.0Q 1A

(151 - 2502 0.2A)

(*) Values shown in par e in the case of 1A rating.

Other values are inKo A rating.

OSTXF x
e Set the voltage and current phase relation wn below. That is, Vg lags V¢ by 90°, Vp =—

Va and IT lags Va by 90°.
Ve \

90°
Vp \/

Ac& gnitude of V4 and Vp while retaining the conditions above and measure the
| at

[ ]
olt which the element operates.

. e théoretical operating voltage is obtained by 2IT x ZOST when the setting reach is ZQST.
Cheek that the measured voltage is within £5% of the theoretical voltage value when it is
expressed with 2V, (= Vg — Vp).

4

Element  ZosT IT 21T xZosT Measured voltage (2V3)

OSTXF

OSTXB

e Set the voltage and current phase relation as shown below. That is, Vg4 lags V¢ by 90°, Vi =
-V and IT leads Vg by 90°.
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Ve

90°
Vp \

Va

e Adjust the magnitude of Vy and Vp while retaining the conditions aboye€™and measure the
voltage Vg at which the element operates.

o The theoretical operating voltage is obtained by 2IT x ZOST when the setting reach is ZOST.

Check that the measured voltage is within £5% of the theoretical "'v@ltage value when it is
expressed with 2V (= V4 — Vp).

Element ZosT |IT 2IT xZosT Measured volfagey(2Va)

OSTXB

OSTR1

e Set the voltage and current phase relation as sheWwmybelow. That is, Va lags Vc by 90°, Vb = —
Va and IT is in phase with Va.
Ve

\ 90°

Vp Va
IT

e Adjust the magnitude of Vg and Vp while retaining the conditions above and measure the
voltage V4 at whichéheelement operates.

e The theoretical opetating voltage is obtained by 2IT x ZQST when the setting reach is ZQST.

Check that the,measured voltage is within £5% of the theoretical voltage value when it is
expressed with 2V, (= Vg — Vp).

Element, ZosT IT 2TxZosT  Measured voltage (2V3)
QSTR1

OSTR2

e Set the voltage and current phase relation as shown below. That is, V3 lags V¢ by 90°, Vi =

&V and IT is in counter-phase with Vp,.
Ve

\ 90°

Vb Va
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e Adjust the magnitude of V4 and Vp while retaining the conditions above and measure the
voltage Vj, at which the element operates.

o The theoretical operating voltage is obtained by 2IT x ZogT when the setting reach is ZQST.

Check that the measured voltage is within £5% of the theoretical voltage value when it'i§
expressed with 2V, (= Vg — Vp).

Element  ZosT IT 2TxZosT  Measured voltage (2V3)

OSTR2

6.5.1.3Phase Selection Element UVC

The testing circuit is shown in Figure 6.5.1.2.

UVC elements and their output signal numbers are listed below.

Measuring element Signal number
UVC-A 66
UvC-B 67
uvc-C 68

The following shows the case when testing UVC-Au

e Press 5 (= Logic circuit) on the Test screengto display the Logic circuit screen.
e Enter 66 as a signal number to be obsepyed atimonitoring jack A and press the [ENTER | key.

e Apply a three-phase rated voltage”

e Set the test current IT to zero ampere and adjust the voltage. Measure the voltage at which the
element operates. Check thatthe veltage is within £5% of the setting UVCV. (The default
setting of the UVCV is 48 V)

e Choose a test current IT by referring to the table below, which shows the relation of setting
reach UVCZ, test currént I'Tgand measuring error.

UvCzZ IT Error
0:052.00 10A +5%
0.:410Q 5A) ()
2.1-10.002 5A 5%
(11-50Q 1A)
10.1-20.0Q 2.5A +5%
(51-100Q2 0.5A)
20.1-50.0Q 1A 7%
(101 - 2502 0.2A)
(*) "Values shown in parentheses are in the case of 1A rating. Other values are in the case of SA

rating.

e Set the test voltage and test current phase relation as shown below. That is, Vg, Vp, and V¢ are
balanced, and IT lags V4 by UVC characteristic angle UVC 6.
(The default setting of UVC 0 is 85°.)
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V
c Vb

e Adjust the magnitude of V4 while retaining the conditions above and measurgthe voltage Vy

at which the element operates.

e The theoretical operating voltage is obtained by (IT x UVCZ + U¥.CV) when the setting reach
is UVCZ. Check that the measured voltage is within the aboveimentioned error of the
theoretical voltage value. (The default setting of the UVCZ_is 270,ohm for 5A rating and 10
ohm for 1A rating.)

Element uvev uvcz IT ITxUVCZi+ UVEV Measured voltage
uvcz

6.5.1.4Directional Earth Fault Element DEF
The testing circuit is shown in Figure 6.5.1.2.

DEF elements and their output signal numbeg aredlisted below.

Measuring element Signal number
DEFF 59
DEFR 58

The following shows the case when testing DEFF.

e Press 5 (= Logic circuit) on the Test screen to display the Logic circuit screen.
e Enter 59 as a signabnumber to be observed at monitoring jack A and press the [ENTER | key.

Residual current level detection is verified as follows:

e Apply threefphase rated voltage and single-phase test current IT (= 3]o).
Set IT tolag Vigby DEFF characteristic angle DEF 0. (The default setting of DEF 0 is 85°.)

o Lower Vigtod0 V to generate a residual voltage. Changing the magnitude of IT while retaining

the phase,angle with the voltages, and measure the current at which the element operates.
Check that the measured current magnitude is within + 5% of the current setting.

Va
Va IT
N o
Ve / Vb
Vo
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Residual voltage level detection is verified as follows:

e SetIT torated current and the three-phase voltage to rated voltage. Lower the magnitude of V4
while retaining the phase angle with the current and measure the voltage V, at which the
element operates. Operating residual voltage is expressed by (VR-V,), where VR is the rated
voltage. Check that the (VR-Vy) is within 5% of the residual voltage setting.

6.5.1.5Negative Sequence Directional Element DOCN
The testing circuit is shown in Figure 6.5.1.3.

DOCN elements and their output signal number are listed below.

Measuring element Signal number
DOCNF 360
DOCNR 361

The following shows the case when testing DOCNF-.

e Press 1 (= Switch) on the Test screen to display theyswitch screen and enter 1 for DOCNC to
test the DOCN elements.

e Press 5 (= Logic circuit) on the Test screen to.display the Logic circuit screen.

e Enter 360 as a signal number to be observediat monitoring jack A and press the [ENTER | key.

e Apply single-phase rated current I and single-phase test voltage V.
Set V to lag I3 by 90°.

e Changing the magnitude of fest veltage while retaining the phase angle with the current, and
measure the voltage at which®the“element operates. Check that the measured voltage
magnitude is within £+ 5% ot I5%V.

The test of the DOCNR is sa@me assthat of DOCNF except for the voltage leading the current I by

90°.
_@_ GRZ100
Single-phase B, -11 v
voltage 14 = Ya
source

TB1L -
Single-phase _®_‘ l T =

cufrent
source,

Monitoring A
jack
oV —
DG + TB44 -A16
power
supply — -A17

T@E

DC
voltmeter
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Figure 6.5.1.3 Testing DOCN Element

6.5.1.6Inverse Definite Minimum Time Overcurrent Element (IDMT) OCI, EFI O
The testing circuit is shown in Figure 6.5.1.4.
GRZ100
—T- (n) TB14 .1
Single-phase ' N = la
current ! p -2 4
source — -7
i = 3lo %
! -8
| \ A
| [¢) ng
DC + : TB44 A16 |:0V *——
power |
Start|————— = @ I
Time
counter
Stop
oV

Figure 6.5.1. e IDMT

One of the four inverse time characteristics@&t, and the output signal numbers of the IDMT

are as follows:
Element Q Signal number
0CI-A \ 97
OCI-B 98
OCI-C @ 99
€FI 61
&

Fix the time char: to test by setting the scheme switch MEFI or MOCI on the "Scheme
switch" screen.

"Setting (change)" sub-menu — "Protection" screen — "Trip" screen — "Scheme switch" screen

is as follows:
SS Logic circuit) on the "Test" screen to display the "Logic circuit" screen.

e Apply a test current and measure the operating time. The magnitude of the test current should
be between 1.2 x Ig to 20 x Ig, where Ig is the current setting.

e Calculate the theoretical operating time using the characteristic equations shown in Section
2.6.4. Check that the measured operating time is within IEC 60255-3 class 5 for standard, very
and long-time inverse or IEC 60255-3 class 7.5 for extremely inverse.
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6.5.1.7Thermal overload element THM-A and THM-T
The testing circuit is same as the circuit shown in Figure 6.5.1.4.
The output signal of testing element is assigned to the monitoring jack A.

The output signal numbers of the elements are as follows:

Element ‘ Signal No.
THM-A 560
THM-T 556

To test easily the thermal overload element, the scheme switch [THMRST[in,theZSwitch" screen
on the "Test" menu is used.

e Set the scheme switch [THMRST] to "ON".

e Enter the signal number to observe the operation at the monitoring jack’ A as shown in Section
6.5.1.

e Apply a test current and measure the operating time. The magnitude of the test current should
be between 1.2 x Ig to 10 x Ig, where Ig is the current setting,

CAUTION

After the setting of a test current, apply the test*eustent after checking that the THM% has
become 0 on the "Metering" screen.

e Calculate the theoretical operating time using the characteristic equations shown in Section
2.4.6. Check that the measured operatingimetis within 5%.

6.5.1.8Broken conductor detection eléement BCD

The testing circuit is shown in Figurg,6.5.1.5.

GRZ100
|
_a)_® TB1} -1
-2
Three-phase Ip 3
Current —)—® )
source -4
Ic K 5
-6
Monitoring |:A
jack
oV &—
DC + TB44 -A16
power
supply. = -B17
LU
DC & -
voltmeter
ov

Figure 6.5.1.5 Testing BCD element

The output signal of testing element is assigned to the monitoring jack A.

The output signal numbers of the elements are as follows:

Element Signal No.
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BCD 766

e Enter the signal number to observe the operation at the monitoring jack A as shown in Section
6.5.1.

e Apply the three-phase balance current at 10% of the rated current and interruptfa phase
current.

Then, check the BCD element operates.

6.5.1.90vervoltage / undervoltage elements OVS1, OVS2, OVG1, OVG2, UVS1, UVS2, UVG1, UVG2

The testing circuit is shown in Figure 6.5.1.6.

GRZ100Q
[ 3 TB1
Variable- * . -1
_ - A
Voltage source -12 or !Vlonltorlng
-14(*) giack
oV —

DC " TB4, An6

power

supply -B17

&N\
DC +
voltmeter

(*) TB1-12 for OVS1, OVS2, UVSigand UVS2, TB1-14 for OVG1, OVG2, UVG1 and UVG2.

Figure 6.54.69 Operating Value Test Circuit

The output signal of testing element is‘assigned to the monitoring jack A.

Overvoltage and undervoltage £lements and their output signal number are listed below.

Elemént Signal No.

QVS1-AB 436
OVS2-AB 439
OVG1-A 442
OVG2-A 445
UVS1-AB 454
UVS2-AB 457
UVGT-A 460
UVG2-A 463

e (Entef’the signal number to observe the operation at the monitoring jack A as shown in
Section 6.5.1.

Operating value test of OVS1, OVS2, OVG1, OVG2
e Apply arated voltage as shown in Figure 6.5.1.6.

e Increase the voltage and measure the value at which the element operates. Check that the
measured value is within + 5% of the setting.

Operating value test of UVS1, UVS2, UVG1, UVG2
e Apply arated voltage and frequency as shown Figure 6.5.1.6.
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e Decrease the voltage and measure the value at which the element operates. Check that the
measured value is within = 5% of the setting.

Operating time check of OVS1, OVG1, UVS1, UVG1 IDMT curves
e Apply arated voltage at the IDMT time multiplier setting 10.0 of the relay.

e Change the voltage from the rated voltage to the test voltage quickly and measure the
operating time. Test voltage: 1.5 x (setting voltage) or 0.5 x (setting voltage)

e Calculate the theoretical operating time using the characteristic equationssshown in Section
2.4.9.1 and 2.4.9.2. Check the measured operating time within +5%.

6.5.1.10 Voltage and Synchronism Check Elements

The testing circuit is shown in Figure 6.5.1.7. If scheme switch [3RH-VILJfis set to "Bus", the
three-phase voltage simulates the busbar voltage, and the single-phase voltage simulates the line
voltage. If the switch is set to "Line", the opposite is true.

GRZ100
\
. TBh -11 = Va
Three-phase : -12 V|
voltage Y = Vb
source i 13 = Ve
E -14
_________ ( -*_*) Monitorin A
) jack A
O V1
Single-phase M 15 = Vs1
voltage -16
source
________ L_____________________________u-17
* Vs2
€) 1=
DC + TB4q -A16
power
supply - -A17
L—@DE
DC
voltmeter
(*) In case of testing OVL2, UVL2, and SYN2.

(**) In case when [VT-RATE] is set to "PH/PH".

Figure 6.5.1.7 Testing Synchronism Check Elements

Whenjtesting OVL2, UVL2 and SYN2, the single-phase voltage must be applied to terminal 17
and 18, mstead of 15 and 16 and 3PH-VT is set to "Line".

Voltage and synchronism check elements and their output signal number are listed below. OVL2,
UVL2 and SYN2 are used for two-breaker autoreclose and provided in Model 300s.

Measuring element Signal number
OovB 86
UVB 87
OVL1 89
UVL1 90
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OovL2 N
UVL2 92
SYNT1 88
SYN2 93

Connect a phase angle meter to the three-phase voltages taking the scheme switch [VT-RATE]
and [VTPHSEL] setting into consideration. The phase angle meter connection shown in Figure
6.5.1.7 is the case for the default settings, that is, [VT-RATE] and [VTPHSEL] are set t6""'PH/G"
and "A" respectively.

[VT-RATE] setting [VTPH-SEL] setting Meter connection phase
PH/G A AN

B B-N

C C-N
PH/PH A A-B

B B-C

C C-A

Voltage check element OVB, UVB, OVL1, UVL1, OVL2, and UVL2

e Press 5 (= Logic circuit) on the "Test" scregn tovdisplay the Logic circuit screen.

e Enter a signal number for TermA line to ob§ervetapmonitoring jack A and press the | ENTER
key.

e Apply three-phase rated voltage and single-phase rated voltage as shown in Figure 6.5.1.7.

OVB and UVB:

e Change the magnitude of the%threesphase voltage if the scheme switch [3PH-VT] is set to
"Bus" or adjust the magnitude,of‘the single-phase voltage if it is set to "Line". Measure the
value at which the element operates and check that it is within &= 5% of the setting.

OVLI and UVLI:

e Adjust the magnitudenef the single-phase voltage if the scheme switch [3PH-VT] is set to
"Bus"; adjust the magnitude of the three-phase voltage if the scheme switch [3PH-VT] is set to
"Line". Measure'the value at which the element operates and check that it is within £ 5% of the
setting.

OVL2 and UML2:

o Adjust thé magnitude of voltage applied to terminal 17 and 18 and measure the value at which
the element operates. Check that the measured value is within = 5% of the setting.

Synehronism check element SYN1
e Press 5 (= Logic circuit) on the Test screen to display the Logic circuit screen.

e ‘Enter a signal number for TermA line to observe at monitoring jack A and press the [ ENTER
key.

e Apply a three-phase rated voltage and a single-phase rated voltage as shown Figure 6.5.1.7.

Voltage check:

e Set the three-phase voltage to any value over the SYIOV setting. (The default setting of
SY1IOVis51V.)

— 262 —



TOSHIBA

6F2S0834

Whilst keeping Vg1 in-phase with Vg, increase the single-phase voltage Vg1 from zero volt.

Measure the voltage at which the element operates. Check that the measured voltage is withift
1 5% of the SY1UYV setting.

e Further increase Vg] and measure the voltage at that the element resets. Check that ‘the
measured voltage is within £5% of the SY1OV setting.

Phase angle check:

e Set V5 and Vg1 to any value between the SY10V and SY1UYV settings keeping Vg in-phase
with Vg1. Then the SYN1 element operates.

o Shift the angle of Vg1 from that of V4, and measure the angle at which,thetelement resets.

e Check that the measured angle is within +5° of the SY 106 setting. (The default setting of SY 16

is 30°.)

e Change V, and Vg1, and repeat the above.

Synchronism check element SYN2

e Apply a single-phase rated voltage to terminal 17@nd 18 @s shown with broken lines in Figure
6.5.1.5 and set the scheme switch [3PH-VT] to "Linc"The test can be performed taking the
same step as testing SYNI.

6.5.1.11 Current Change Detection Elements OCD and,OCDP

The test circuit is shown in Figure 6.5.1.8.

GRZ100
(a) TB1) 4
Single-phase ~—
current 2
source
Monitoring |:A
jack
bC + TB4, A16 y 0V 4
power
supply - -A17
_I_—@E
DC
voltmeter,

Figure 6.5.1.8 Testing Current Change Detection Element

The output signal number of the OCD and OCDP is as follows:

Measuring element

Signal number

OCD-A
OCD-B
OCD-C
OCDP-A
OCDP-B
OCDP-C

63
64
65
357
358
359
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Operation must be verified by abruptly changing the test current from 0 A to 1.2 x Setting value or
vice versa.

OCD has a fixed setting of 0.5 A and 0.1 A for 5 A rating and 1 A rating respectively. O

6.5.1.12 Level Detectors OCH, OC, EF, EFL, OVG, UVLS and UVLG, UVFS and UVFG, OCB

Voltage or current level detectors are tested by applying voltage or current individually. A
single-phase test source is adequate for these tests.

4
Change the magnitude of the voltage or current applied and measure the at which the
element operates. Check that the measured value is within 5% of the setti\

Level detectors and their output signal numbers are listed below. @

Measuring element Signal number Remarks
OCH-A 55 A-phase currer@
OC-A 94 A-phase ¢

u
EF 60 Residual Q
EFL 568 Residua n
ovG 62 u age
UVFS-AB 69 - ase voltage
UVFG-A 75 e voltage
UVLS-AB 72 -fo-B-phase voltage
UVLG-A 78 K A-phase voltage
OCBF-A 81 A-phase current

L 4

N
>
$

Q
o
&

L 4
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6.5.2 Timer Test

The delayed pick-up time of the variable timer can be measured by connecting the monitonifig
jacks A and B to a time counter as shown in Figure 6.5.2.1. Jacks A and B are used to observe,the

input signal and output signal of the timer respectively.

GRZ100
DC + TB43 -A16 A d
power o
supply - _A17 Monitoring | g
jack
T@)E 0V ¢—
Start
Time
counter  StoP
ov

Figure 6.5.2.1 Testing Variable*Timer

e Press 4 (= Timer) on the "Test" screen to displaythe "Timer" screen.

e Enter the number corresponding to the timer to be'observed. The timers and assigned numbers

are listed in Appendix C.

e After completing both settings, préss, the key to display the following screen.

/2 Timer

Press ENTER o @perate.

CANCEL /to cancel.

Press

o Press the (ENTER kevitg operate the timer. The "TESTING" LED turns on, and the timer is
initiated and the following display appears. The input and output signals of the timer can be
observed at memitoring jacks A and B respectively. The LEDs above monitoring jacks A or B

are also lit if the mput or the output signal exists.

Check that the measured time is within 10 ms of the setting time.

/@ {Timer

O%erating. .. ...

Press END to reset.
Press CANCEL to cancel.

e Press the key to reset the input signal to the timer. The "TESTING" LED turns off.

Press | CANCEL | key to test other timers. Repeat the above testing.

To measure the drop-off delay time, press the key after the LED above jack B lights. The
off-delay time is the time from a signal at the monitoring jack A resets till a signal at the

monitoring jack B resets.
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6.5.3 Protection Scheme
In the following protection scheme tests, a dynamic test set with a three-phase voltage source afid
current source is required to simulate power system pre-fault, fault and post-fault conditions!

In the following command tripping test, the remote end is not simulated. The receiving Signalis
simulated by energizing a binary input circuit locally in the external communicationilffan
end-to-end synchronized test is possible, then it should be conducted.

The autoreclose function can be tested together with these tests. A permanent fault should be
applied to test a reclose-onto-fault.
Zone 1 tripping

This performs instantaneous or time-delayed, and single-phase or three4phase tripping depending
on the fault types, setting of trip mode control switch [Z1CNT] and,autereclose mode switch
[ARC-M].

Zone 1 tripping should be checked for the fault at 50% of the zoneWreach setting.
Operating time is measured on operation of the trip output relay- 4t will typically be 1 cycle in case
of instantaneous tripping.

Check that the indications and recordings are correct.

Zone 2 tripping

Check that three-phase time-delayed final tripping is performed for all kinds of faults. Faults
should be set midway between zone 1 and zone\2.

Check that the operating time is 1-1.5 cycle plas,zone 2 timer setting.

Check that the indications and recopdings areseorrect.

Zone F tripping

Check that three-phase time-delayed“final tripping is performed for all kinds of faults. Faults
should be set midway betweenzgne)2 and zone F.

Check that the operating time isfl-1.5 cycle plus zone F timer setting.

Check that the indicatiensvand recordings are correct.

Zone 3 tripping

Check that three-phase time-delayed final tripping is performed for all kinds of faults. Faults
should be setimidway between zone 2 and zone 3.

Check4hat thé operating time is 1-1.5 cycle plus zone 3 timer setting.

Check that the indications and recordings are correct.

Zone R1 tripping

Set the scheme switches [ZR1BT] and [ZR2BT] to "On". (The [ZR1BT] and [ZR2BT] default
setting is "Off".)

Check that three-phase time-delayed final tripping is performed for all kinds of faults. Faults
should be set in the center of zone R1.

Check that the operating time is 1-1.5 cycle plus zone R1 timer setting.

Check that the indications and recordings are correct.
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Zone R2 tripping
Set the scheme switch [ZR2BT] to "On". (The [ZR2BT] default setting is "Off".)

Check that three-phase time-delayed final tripping is performed for all kinds of faults. Faults
should be set midway zone R1 and zone R2.

Check that the operating time is 1-1.5 cycle plus zone R2 timer setting.

Check that the indications and recordings are correct.

Zone ND tripping
Set the scheme switch [ZNDBT] to "On". (The [ZNDBT] default setting is8Off",)

Check that three-phase time-delayed final tripping is performed for all Kindsof faults. Faults
should be set midway zone 3 and zone ND.

Check that the operating time is 1-1.5 cycle plus zone ND timer setting.

Check that the indications and recordings are correct.

Zone 1X tripping

Set the scheme switch [SCHEME] to "Z1EXT", and fARC-M].to "TPAR" or "SPAR&TPAR" or
"SPAR". CB ready condition (binary input signal) and $2A4,52B and 52C must be established.

Faults should be set midway between zone 1 and zéne 1X.

Check that it performs instantaneous single-phase og three-phase tripping depending on the fault
types and setting of autoreclose mode selectiongwitch [ARC-M].

Check that the operating time is 1-1.5 cycle or less.

Check that the indications and recofdings arc‘€orrect.

PUP tripping

(Integral digital communication)

Set the scheme switch [SCHEME]to "PUP".
Set the [T.TEST] to “ON”.

Apply a zone 1 fault.4Check¥that instantaneous single-phase or three-phase tripping is performed
depending on the fault types and setting of autoreclose mode selection switch [ARC-M].

Apply a fault between,zone 1 and zone 2. Check that PUP tripping does not occur.

Check that th€4ndi€ations and recordings are correct.

(Extegrnal*eomitnication)
Sét thefscheme switch [SCHEME] to "PUP".

Energizefa binary input (EXT-CAR-R1 signal is assigned) to simulate a trip permission signal
reception and apply a zone 2 fault. Check that instantaneous single-phase or three-phase tripping
is performed depending on the fault types and setting of autoreclose mode selection switch
[ARC-M].

De-energize the binary input and apply a zone 2 fault. Check that PUP tripping does not occur.
Apply a zone 1 fault, and check a binary output relay (EXT-CAR-S signal is assigned) operates.

Check that the indications and recordings are correct.
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POP tripping

(Integral digital communication)

Set the scheme switch [SCHEME] to "POP", [WKIT] and [ECHO] to "off".
Set the [T.TEST] to “ON”.

Apply a zone 1 fault. Check that instantaneous single-phase or three-phase tripping is perfofmed
depending on the fault types and setting of autoreclose mode selection switch [ARC-M].

Apply a reverse zone fault, and check that the POP tripping does not occur.

Check that the indications and recordings are correct.

(External communication)
Set the scheme switch [SCHEME] to "POP", [WKIT] and [ECHO] toy!off"

Energize the binary input (EXT-CAR-R1) to simulate a trip permissien signal reception and apply
a zone 2 fault. Check that instantaneous single-phase or thircesphase tripping is performed
depending on the fault types and setting of autoreclose mode selection switch [ARC-M].

Set [WKIT] and [ECHO] to "On" and apply a weak-infeed fault.€heck that instantaneous tripping
is performed.

De-energize the binary input and apply a zone 2 fault, Check’that POP tripping does not occur.
Apply a zone 2 fault, and check that binary output relay (EXT-CAR-S) operates.
Set the scheme switch [ECHO] to "On".

De-energize binary inputs (CB_ CONT-A, #B and -C signals are assigned.) to simulate the breaker
being open. Check that binary ougput relay A(EXT-CAR-S) operates when the binary input
(EXT-CAR-R1) is energized.

Apply a reverse zone fault whiléthe bimary inputs (CB_CONT-A, -B and -C) are energized, and
check that the binary output relayn(EXT-CAR-S) does not operate when the binary input
(EXT-CAR-R1) is energized.

Check that the indications @nd recerdings are correct.

UOP tripping

(Integral digital comimunication)

Set the scheme switch [SCHEME] to "UOP", [WKIT] and [ECHO] to "Off".
Set the [T.TEST J%esON".

Apply@zonef!l fault. Check that instantaneous single-phase or three-phase tripping is performed
dependingten the fault types and setting of autoreclose mode selection switch [ARC-M].

Applyfa reyerse zone fault, and check that the UOP tripping does not occur.

(External communication)
Set ¢he scheme switch [SCHEME] to "UOP", [WKIT] and [ECHO] to "Off".

De-energize the binary input (EXT-CAR-R1) to simulate interruption of a trip block signal
reception and apply a zone 2 fault. Check that instantaneous single-phase or three-phase tripping
is performed depending on the fault types and setting of autoreclose mode selection switch
[ARC-M].

Set [WKIT] and [ECHO] to "On" and apply a weak-infeed fault. Check that instantaneous tripping
is performed.
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Energize the binary input (EXT-CAR-R1) to simulate trip block signal reception and apply a zone
2 fault. Check that UOP tripping does not occur.

Check that the binary output relay (EXT-CAR-S) operates in the normal condition.
Apply a zone 2 fault, and check that the binary output relay (EXT-CAR-S) resets.
Set the scheme switch [ECHO] to "On".

De-energize the binary inputs (CB_CONT-A, -B and -C) to simulate the breaker being open.
Check that the binary output relay (EXT-CAR-S) resets when the binary input (EXT-CAR-R1) is
de-energized.

Apply a reverse zone fault while the binary inputs (CB_CONT-A, -B and =€) arg,nergized, and
check that the binary output relay (EXT-CAR-S) remains operated gwhen“he binary input
(EXT-CAR-R1) is de-energized.

Check that the indications and recordings are correct.

BOP tripping

(Integral digital communication)

Set the scheme switch [SCHEME] to "BOP".
Set the [T.TEST] to “ON”.

Apply a zone 1 fault. Check that instantaneoussingle-phase or three-phase tripping is performed
depending on the fault types and setting of autoreelose tode selection switch [ARC-M].

Apply a reverse zone fault, and check that the B@P tripping does not occur.

(External communication)
Set the scheme switch [SCHEME{{o "BOP".
Check that the binary input (EXT-GAR=R1) is de-energized.

Apply a zone 2 fault. Check that mstantaneous single-phase or three-phase tripping is performed
depending on the fault types,and(setting of autoreclose mode selection switch [ARC-M].

Energize the binary input (EXT-CAR-R1) to simulate trip block signal reception and apply a zone
2 fault. Check that BOR tripping does not occur.

Apply a zone 2 fault, and,check that binary output relay SBX does not operate. Apply a reverse
zone fault, and cheek that the binary output relay (EXT-CAR-S) operates.

Check that the indications and recordings are correct.

SOTF txipping

SOTF tripping is carried out by operation of distance measuring elements (Z1, Z2, 73, ZR1, ZR2,
ZE,ZND) or overcurrent element OCH operation. these elements can perform the SOTF tripping
by setting’

The SOTF function is activated when the breaker has been open for timer TSOTF (0 — 300s)
setting and active for an additional 500ms after the breaker is closed.

The SOTF function is checked as follows:
e Set the scheme switch [SOTF-OC] to "On" and [SOTF-Zx] to "Off".

De-energize the binary input signals (CB_ CONT-A, -B and -C) for more than TSOTF (0 — 300s)
setting.

e Energize the binary input signals and apply a zone 1 fault at the same time.
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Check that the operating time is within 1-1.5 cycle.
e Set the scheme switch [SOTF-OC] to "Off" and [SOTF-Zx*] to "On" and repeat the above.

Breaker failure tripping
Set the scheme switch [BF1] to "T" or "TOC" and BF2 to "On".
e Press 5 (= Logic circuit) on the "Test" screen to display the "Logic circuit" screen.

e Enter a signal number 199 for the TermA line to observe the retrip signal at monitorifg jack A
and 200 for the TermB line to observe the adjacent circuit breaker trip signal.at monitoring

jack B and press the | ENTER | key.

e Apply a zone 1 fault and maintain it. Check that the retrip signal igfgenerated after the time
setting of TBF1 and the adjacent circuit breaker trip signal is generated/after the time setting of
the TBF2.

Out-of-step tripping

Set the scheme switch [OST] to "On".

To simulate out-of-step, the impedance seen by the OST element must be moved slowly from the
first quadrant to the second quadrant or vice versa.

The following shows the case of the former.

e Press 5 (= Logic circuit) on the "Test" screente, display the "Logic circuit" screen.

e Enter signal number 203 for the TermA line to observe the out-of-step tripping signal at
monitoring jack A and press the key.

e Apply a three-phase rated voltage and current.

e Gradually lower the voltage®te zere, keeping the voltage and current sources in-phase. Then
gradually raise the voltage fromazero to the rated value, while keeping the phase angle of
voltage and current in antifphase:

During this process, keep the current at the rated value.
e Check that out-of-step tripping takes places at monitoring jack A.

e Check that out-of-step tripping does not take place if the voltage was lowered or raised steeply
or was graduallyasaised while retaining the phase angle of voltage and current in-phase, not
anti-phase.

Voltage transformer failure supervision

A voltage, transformer (VT) failure is detected when an undervoltage element or residual
overvoltage “element operates but a current change detection element or residual overcurrent
element dogs not operate accordingly.

VT failure detection is checked as follows:

e Set the circuit breaker closed condition by applying a "1" signal to binary inputs
(CB_CONT-A, -B and -C).

e Press 5 (= Logic circuit) on the "Test" screen to display the "Logic circuit" screen.

e Enter signal number 172 for the TermA line to observe the VT failure alarm signal, and 173
for the TermB line to observe the VT failure detection signal at monitoring jack A and B. Press

the key.

e Apply a three-phase rated voltage. Then, remove single-, two- or three-phase voltage. Check
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that the signals are instantly observed at jack B and observed at jack A after a 10s delay.

Blocking of the voltage-dependent protection is checked as follows:

e Apply a three-phase rated voltage. Then, remove single-, two- or three-phase voltage”and at
the same time apply a zone 1 fault. During this process, do not change the current.

Check that neither zone 1 tripping nor command tripping takes place.

e In the similar manner, apply a zone 1 extension, zone 2 or zone 3 fault and check that'tripping
does not take place.

Check that VT failure is recorded on the event record.

Power swing blocking

A power swing is detected when the condition that the PSBSOUT element operates and PSBSIN
element and residual overcurrent element EFL do not operate, for¥a, period of TPSB setting or
more.

Power swing detection is checked as follows:
e Press 5 (= Logic circuit) on the "Test" screen to display the 'Logic circuit" screen.
e Enter signal number 176 for the TermA line to observeythe power swing blocking signal at

monitoring jack A and press the | ENTER | key:

e Apply a phase fault which is set to midwayfbetween PSBSIN and PSBSOUT. Check that the
signal is generated with a delay of TPSB setting after the PSBSOUT operates. The PSBSOUT
operating time will be 1-2 cycles.

e Reset the fault and check that the/monitoring signal resets with a 500ms delay after PSBSOUT
resets.

e Apply an earth fault which is seto midway between PSBSIN and PSBSOUT. Check that the
signal is not generated.

Power swing blocking is ciecked'@s follows:

e Apply a zone 1 phaSe fault‘after generating the power swing blocking signal. The blocking
signal is generated'in théyway as mentioned above. Check that zone 1 tripping takes place if
scheme switchJRSB%£1] is set to "Off" and does not take place if set to "On".

e In the similar manner, apply zone 1x, zone 2, zone 3, zone F, zone R1 and zone R2 faults, and
check that tripping takes place or does not take place depending on the "On" or "Off" setting of
schemefswitch [PSB-Z1X], [-Z2], [-Z3], [-ZF], [-ZR1] and [-ZR2].

Check thagpower swing blocking is recorded on the event record.
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6.5.4 Metering and Recording

The metering function can be checked while testing the AC input circuit. See Section 6.4.4.

Fault recording can be checked while testing the protection schemes. Open the "Fault records"
screen and check that the descriptions are correct for the applied fault.

The default setting of events is shown in Appendix H. Event recording on the external events'such
as CBI1 ready, Ind.reset, etc., can be checked by changing the status of binary input signals.
Change the status in the same way as the binary input circuit test (see Section 6.4.2) and check that
the description displayed on the "Event Records" screen is correct.

Note: The choice of whether to record or not can be set for each event. Changeithe status of the binary
input signal after confirming that the related event is set to record. (e, default setting enables
all the events to be recorded.)

Some of the internal events such as Trip, Com1.fail, etc., can be checked i the protection scheme
tests.

Disturbance recording can be checked while testing the proteetion schemes. The LCD display
only shows the date and time when a disturbance is recofdedyOpen the "Disturbance records"
screen and check that the descriptions are correct.

Details can be displayed on the PC. Check that the desctiptions on the PC are correct. For details
on how to obtain disturbance records on the PC, seg,the®RSM 100 Manual.

6.5.5 Fault Locator
In the fault locator tests, a dynamic test setwith a‘three-phase voltage source and current source is
required to simulate power system pre-fault, fatlt and post-fault conditions.

The fault locator starts measurementywith one of the following tripping signals: command trip,
zone 1, zone 2 and zone 3 trip, zoneéyl, extension trip and external main protection trip. Therefore,
it is preferable to test it while tgsting the protection schemes by applying a fault.

The line parameter settingsamustibe/changed to meet those of the test set.

The measurement result isyexpressed as a percentage of the line length and the distance and
displayed on the "Faulf’Reeeord" screen of the LCD.

Note: If abnormalysettings far from actual transmission line impedance, e.g. resistance
valuerso larger than reactance value, etc., are done, the location error will be larger.
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6.6 Conjunctive Tests
6.6.1 On Load Test

With the relay connected to the line which is carrying a load current, it is possible to check the
polarity of the voltage transformer and current transformer and the phase rotation with the
metering displays on the LCD screen.

e Open the following "Metering" screen from the "Status" sub-menu.

/2 Metering 3/ 3
Va 63.5V +0.0° la 2.10A 4479 °
Vb 63.4V -120.0° 1b 2. 10Af—/NL5. 0°
Ve 63.5V +120.1° lec 2. 1564, 825.1°
Active power + 318.50MW

Reactive power - 29. 00Myaw

Frequency 6 0 .08 H%Z

Note: The magnitude of voltage, current and powerigan be set in values on the primary side or on the
secondary side by the setting. (The defagltisetting is the primary side.)
Phase angles are expressed taking thatof positive sequence voltage as the reference angle.
The sign of the phase angle can be séfipositiye for either lagging phase or leading phase. (In the
default setting, it is set positiye when thgphase is leading to the reference angle.)
The sign of the power flow/direction‘e@n be set positive for either power sending or power
receiving. (The default settingds power sending.)

e Check that the phase rotatigh i§,correct.

e Verify the phase relationship,bétween the voltage and current with the known load current
direction.

6.6.2 Signaling Circuit,Test

This test is performed,when a command protection using a signaling channel is applied.

Integral digital€ommunication

The gest 18yto €heck whether the communication circuit is correctly connected between a local
tepminal’and @ remote terminal.

Inputithe4voltage or current at a remote terminal relay. Check the voltage and current by the
"Metering" screen from the "Status" sub-menu at a local relay.

External communication

The test is carried out after the signal receive and send contacts are connected to the
telecommunication circuit.

The signal send circuit from the relay to the telecommunication equipment is checked by forcibly
operating the signal send relay and monitoring the signal at the telecommunication equipment.

Signal sending is performed on the LCD using the "Test" sub-menu as follows.
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e Press 3 (= Binary output) on the "Test" screen to display the "Binary output" screen. The LCD
displays the output modules installed depending on the model.

e Enter 2 to select the IO#2 module, the LCD will display the screen shown below, indicating
the name of the module, the name of the output relay, the name of the terminal block and‘the
terminal number to which the relay contact is connected.

6F2S0834

/3 BO (0=Disable 1=Enable) 1/14
10#2 BO1 0o _
Io0t2 B0O2 0
10#2 B0O3 0
1082 BO13 1

e Move the cursor to the bottom line to select the BO13 outputtelay/ by pressing the ¥ key,
then enter 1 and press the | ENTER | key.

e After completing the entries, press the key. The¢ TE€D Wwill display the screen shown

below.
/3 BO
Keep pressing 1 to opeWma te.
Press CANCEL to cafigel.

e Keep pressing the [ 1 |key to operate the BOP3 output relay forcibly. Then the BO13 output
contact will close. Monitor this@t the teleéommunication equipment.

The signal receive circuit from théytele€emmunication equipment to the relay is checked with the
"Binary input & output" screenen,thed.CD as follows:

Note: The receive signal is assigned to any of the binary inputs by the user setting. The following
description is the case of BI4 and BI5 assigned.

e Display the "Binary Q" §€reen from the "Status" sub-menu. Position BI4 indicates a receive
signal status. Position BY5 indicates the status of the guard signal in case of frequency shift

signaling.
/20Bimary input & output 3/ 8
Iomp 0% (I0#1) 000 000 000 000 1
[sput (I0#2) 000 1
put (I0#3) 000 000 000 O 1
Miput (10#4) 000 1
Output (IO#1-trip) (000 1
Output (10#2) 000 000 000 000 0O 1
Output (10#3) 000 000 000 O 1
Output (10#4) 000 000 000 000 00 |1

e Send a signal or interrupt sending a signal at the telecommunication equipment and monitor on

the screen that the status of BI4 or BIS changes accordingly.

If the signaling circuit connection is completed from the local relay to the remote relay, the test
above can be extended to an end-to-end test.

e Send the signal by operating the BO13 output relay at one end with the "Test" sub-menu as
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described above and monitor the signal reception at the other end on the "Binary input &
output" screen.

In the BOP scheme, the end-to-end test can be carried out more simply on the "Manual test" screen
of the "Test" sub-menu. For the details, see Section 4.2.7.2.

Note: In these tests it is recommended to block the tripping circuit to prevent false tripping.

6.6.3 Tripping and Reclosing Circuit Test

The tripping and reclosing circuit including the circuit breaker is checked byaforcibly operating
the output relay and monitoring the circuit breaker to confirm that it is tgipped or reclosed.
Forcible operation of the output relay is performed on the "Binary outputscreen of the "Test"
sub-menu as described in Section 6.4.3.

Tripping circuit

e Set the breaker to be closed.

e Press 3 (= Binary output) on the "Test" sub-menu screedto/display the "Binary output” screen.
The LCD displays the output modules mounted.

e Enter 1 to select the IO#1 module, then the LCD displays the screen shown below.

/3 BO (0=Disabilye 1=Enable) 1/ 3
10#1 TP-A1 0
TI0#1 TP-B1 0
I0#1 TP-C1 0

TP-Al, Bl and Cl1 are output reldys with“6ne normally open contact, and trip the A-phase,
B-phase and C-phase circuit breakets.

Enter 1 for TP-A1 and pregs théy, ENTER | key.

e Press the key. Then the'LCD displays the screen shown below.

/3 BO

KeepgoppPpmessing 1 to operate.

Prlfess§ CANCEL to cancel.

o Keep ptessing the [ 1| key to operate the output relay TP-Al and check that the A-phase
breaker 1sumipped.

o { Releasethe| 1| key to reset the operation.

e Rcepeat the above for all the phases.

Reclosing circuit
The test is applied to the autoreclose function if used.
e Ensure that the circuit breaker is open.

e Press 3 (= Binary output) on the "Test" sub-menu screen to display the "Binary output" screen.
The LCD displays the output modules mounted.

e Enter the selected number corresponding to each module to be operated. The LCD will display
the name of the module, the name of the output relay, the name of the terminal block and the
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terminal number to which the relay contact is connected.

Note: The autoreclose command is assigned to any of the output relays by the user setting. The

following description is the case for the default setting of model 211.

In the default setting, the autoreclose command is set to BO10 of the IO#2 module.

e Enter 2 to select the IO#2 module, then the LCD displays the screen shown below.

/3 BO (0=Disable 1=Enable) 1/14
I0#2 BO1 0o
I0#2 BO2 0
I0O#2 BO3 0
I0#2 BO10O 1
I0#2 BO11 0
I0O#2 BO12 0
I0#2 FAIL 0
I0O#2 BO13 0

Note: Terminal block number depends on the relay miedel’So see Appendix G for details.

Move the cursor by pressing the ¥ key and selectiB@10.BO10 is an autoreclose command output
relay with one normally open contact.

e Enter 1 and press the | ENTER | key.

e Press the key. Then the L&D, displays the screen shown below.

/3 BO

Press

Keep pressing

CANCEL

yto operate.

to cancel.

e Keep pressing the | I kevaterforcibly operate the output relay BO10 and check that the circuit

breaker is closed.

o Release the | Ljkeyto reset the operation.

e In case of twe:-breaker autoreclose, repeat the forcible operation for BO11.
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6.7 Maintenance
6.7.1 Regular Testing

The relay is almost completely self-supervised. The circuits which can not be supervised arc
binary input and output circuits and human interfaces.

Therefore regular testing can be minimized to checking the unsupervised circuits. The test
procedures are the same as described in Sections 6.4.1, 6.4.2 and 6.4.3.

6.7.2 Failure Tracing and Repair

Failures will be detected by automatic supervision or regular testing.

When a failure is detected by supervision, a remote alarm is issued withithebinary output signal of
FAIL (*) and the failure is indicated on the front panel with LED fadicatots or LCD display. It is
also recorded in the event record.

(*) Failure signals on the external circuits, that is signaling channel, VT circuit and isolator circuit,
can be allotted to any of the binary output relays by the usetyFailure signals of the signaling
channel and VT circuit are set to BO12 of the IO module as/the default setting.

Failures detected by supervision are traced by €heeking, the "Auto-supervision" screen on the
LCD.

If any messages are shown on the LCD, the failed modiile or failed external circuits can be located
by referring to the Table 6.7.1.

This table shows the relationship betweenrniessage displayed on the LCD and estimated failure
location. The location marked with4(1) has a higher probability than the location marked with (2).

As shown in the table, some ofythc¥messages cannot identify the fault location definitely but
suggest plural possible failure locations. In these cases, the failure location is identified by
replacing the suggested failed modules with spare modules one by one or investigating and
restoring the monitored external girgnits (that is signaling channel, VT circuit and isolator circuit)
until the "Alarm" LED is tiirnedgoft.

The replacement or inyestigation should be performed first for the module or circuit with higher
probability in the table.

If there is a failuze,and, the LCD is not working such as a screen is frozen or not displayed, the
failure location fis anyhone of SPM and HMI module.
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Table 6.7.1 LCD Message and Failure Location

Message Failure location
VCT SPM 01 102 103 104 105 106 HMI Communi- Disconn-
(GCom) or cation ector cab
108 Channel
Checksum err x
ROM data err x ¢
ROM-RAM err x %
SRAM err x \
BU-RAM err X @
DPRAM err X 0
EEPROM err x
AD err x Q
VO err x(2)  x(1) @ x (2)
V2err x(2)  x(1) x (2)
10 err x(2)  x(1) x (2)
CTer x(2)  x(2 \ x (1)
Sampling err X K
DIO err x(2) x(1) x(1) x(1) %(1) x (1)
RSM err x(2)  x(1)
DS fall x(2)  x(2) x (1)
Ch.1fail, Ch. 2fail x (2)* \ x (1)*
Com.1 fail, fail-R x (2) @ x (1)
Com.2 fail, fail-R
Sync.1 fail, Sync.2 fail x (2) ¢ O x (1)
TX levell err, X (%\ x (1)
TX level2 err
RX level1 e, Q) < (1)
RX level2 err
CLK1 fai, @) x (1)
CLK2 fail \
Td1 err, Td2 err % (2) x (1)
Term1 rdy off, x (%)
Term2 rdy off
RYID1 err, RYID2 efr x ()
VT fail x(2) x (1)
No- cD x (2) x (1)

The location marked with (1) has a higher probability than the location marked with (2).
The item of location marked with (*): also check the remote terminal relays and equipment.
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If no message is shown on the LCD, this means that the failure location is either in the DC power
supply circuit or in the microprocessors mounted on the SPM module. Then check the "ALARM"
LED. If it is off, the failure is in the DC power supply circuit. If it is lit, open the relay front pafiel
and check the LEDs mounted on the SPM module. If the LED is off, the failure is in the DC power
supply circuit. If the LED is lit, the failure is in the microprocessors.

In the former case, check if the correct DC voltage is applied to the relay.

If so, replace the IO1 or IO8 module mounting the DC/DC converter and confirm that the "Alarm"
LED is turned off.

In the latter case, replace the SPM module mounting the processors and confitmdthat the "Alarm"
LED is turned off.

When a failure is detected during regular testing, it will not be difficult to identify the failed
module to be replaced.

Note: When a failure or an abnormality is detected during thesregulaitest, confirm the following
first:
- Test circuit connections are correct.
- Modules are securely inserted in position,
- Correct DC power voltage is applied.
- Correct AC inputs are applied.
- Test procedures comply with those stated ifinthe manual.

6.7.3 Replacing Failed Modules
If the failure is identified to be in the relay module and the user has spare modules, the user can
recover the protection by replacingghe failed'modules.

Repair at the site should be limited totodule replacement. Maintenance at the component level is
not recommended.

Check that the replacement modaledhas an identical module name (VCT, SPM, 102, etc.) and
hardware type-form as the gemoved module. Furthermore, the SPM and GCOM should have the
same software name.

The module name is ifidicated on the bottom front of the relay case. The hardware type-form is
indicated on the meduleyin the following format:

Module name  Hardware type-form

VCT G1PC1-setetex
SPM G1SPs -t
101 G101 -seteter
102 G1102-setete
104 G1102-sx
|05 G1103-#3xx
106 G1103-#3xx
108 G1108-st
HME e
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The software name is indicated on the memory device on the module with letters such as
GS1ZM1-##xx GSILC1-*x*x*, etc.

A CAUTION  When handling a module, take anti-static measures such as wearing an garthed
wrist band and placing modules on an earthed conductive mat. Otherwise, many
of the electronic components could suffer damage.

CAUTION After replacing the SPM module, check all of the settings including the PLC
and [EC103 setting data are restored the original settings.

The initial replacement procedure is as follows:

e Switch off the DC power supply.

e Disconnect the trip outputs.

e Short circuit all AC current inputs and disconnect all AC voltage iputst

AWARNING | Hazardous voltage can be present in the DC circuitjust after switching off the
DC power supply. It takes approximately 30%seconds for the voltage to
discharge.

e Unscrew the relay front cover.

Replacing the Human Machine Interface Module (front panel)

e Open the front panel of the relay by unscrewing the binding screw located on the left side of
the front panel.

e Unplug the ribbon cable on the front panel byapushing the catch outside.

e Remove the two retaining screwsgand one earthing screw on the relay case side, then detach
the front panel from the relay cése.

e Attach the replacement modiile in‘the reverse procedure.

Replacing the Transformer Module

e Open the right-side fronfpanel(HMI module) by unscrewing the two binding screws located
on the left side of the panel.

e Open the left-side front¥panel (blind panel) (*) by unscrewing the two binding screws located
on the right sidefof the panel.

(*) This bliid panel'ts attached only to models assembled in the type B case.

e Detach theanodule holding bar by unscrewing the binding screw located on the left side of the
bar,

o Wnplugithe ribbon cable on the SPM by nipping the catch.

e “QReémove'the metal cover by unscrewing the binding screw located at the top and bottom of the
cover’

e Pull out the module by grasping the handles.

e Insert the replacement module in the reverse procedure.

Replacing other modules

e Open the right-side front panel (HMI module) by unscrewing the two binding screws
located on the left side of the panel.

e Open the left-side front panel (blind panel) (*) by unscrewing the two binding screws located
on the right side of the panel.

— 280 —



TOSHIBA 6F2S0834

(*) This panel is attached only to models assembled in the type B case.

e Detach the module holding bar by unscrewing the binding screw located on the left side of the
bar.

e Unplug the ribbon cable running among the modules by nipping the catch (in case of black
connector) and by pushing the catch outside (in case of gray connector) on the connegtor.

e Pull out the module by pulling up or down at the top and bottom levers.
e Insert the replacement module in the reverse procedure.

e After replacing the SPM module, input the user setting values again.

For failed module tracing and its replacement, see Appendix R.

6.7.4 Resumption of Service
After replacing the failed module or repairing failed extetnal®eircuits, take the following
procedures to restore the relay to service.

e Switch on the DC power supply and confirm that the "INSERVICE" green LED is lit and the
"ALARM" red LED is not lit.

Note: Supply DC power after checking that all the faedules are in their original positions and the
ribbon cables are plugged in.

e If the telecommunication circuit was repaired, petform a "Manual test" and check that the
circuit is normal. For the "Manual test", zefefito Section 4.2.7.2.

e Supply the AC inputs and reconneet the £rip outputs.

6.7.5 Storage

The spare relay or module shguldibe ‘Stored in a dry and clean room. Based on IEC Standard
60255-6 the storage temperatureShould be —25°C to +70°C, but the temperature of 0°C to +40°C
is recommended for long-t€rm storage.
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7. Putting Relay into Service

The following procedure must be adhered to when putting the relay into service after finishing
commissioning or maintenance tests.

e Check that all external connections are correct.

e Check the setting of all measuring elements, timers, scheme switches, recordings and.glock are

correct.
In particular, when settings are changed temporarily for testing, be suze to restore them.

e C(Clear any unnecessary records on faults, events and disturbances which ate recorded during
the tests.

e Reset the counter figures of automatic test and autoreclose, if neeessary. For resetting the
count, see Section 4.2.3.4 and 4.2.3.5.

e Press the key and check that no failure fmessage is displayed on the
"Auto-supervision" screen.

Check that the green "IN SERVICE" LED is lit and nojothet LEDs are lit on the front panel.

Whilst the relay is put into service at one terminal byasupplying DC power and not yet at the other
terminal, a communication failure will be detected by the automatic monitoring at the in-service
terminal and a red "ALARM" LED is lit. But igwill b&'reset when the relays are put into service at
all terminals.
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6F2S0834

Sianal list
No. Signal Name Contents
0 _JCONSTANT 0 constant 0
1 JCONSTANT 1 constant 1
2
3
4
5
6
7
8
90 CRT USE CARRIER IN SERVICE
1
11
12
3
14
15
6
17
18
9 |Z1G-A EARTH FAULT RELAY Z1G
20 |Z1G-B ditto
21 |Z1G-C ditto
22 |Z1XG-A EARTH FAULT RELAY Z1XG
23 |Z1XG-B ditto
24 |Z1XG-C ditto
25 |Z2G-A EARTH FAULT RELAY Z2G
26 |Z2G-B ditto
27 |722G-C ditto
28 |Z3G-A EARTH FAULT RELAY Z3G
29 |Z3G-B ditto
30 |Z3G-C ditto
31 |Z4G-A EARTH FAULT RELAY Z4G
32 |Z4G-B ditto
33 |74G-C ditto
34 |Z1S-AB PHASE FAULT RELAYZ1S
35 |Z1S-BC ditto
36 |Z1S-CA ditto
37 |Z1XS-AB PHASE FAULT RELAY.ZTXS
38 |Z1XS-BC ditto
39 |Z1XS-CA ditto
40 |Z2S-AB PHASE FAULT RELAY/Z2S
41 |Z22S-BC ditto.
42 |Z2S-CA ditto
43 |Z3S-AB PHASE FAULT RELAY Z3S
44 1Z3S-BC ditto
45 |Z3S-CA ditte
46 |Z4S-AB PHASE FAULT RELAY Z4S
47 |Z24S-BC ditto
48 |Z4S-CA ditto
49 |PSBSOUT-AB POWER SWING BLOCK for ZS OUTER ELEMENT
50 |PSBSOUT-BC ditto
51 |PSBSOUT-CA ditto
52 |OCCR-A OC RELAY FOR LINE VT
53 |OCCR-B ditto
54 |OCCR-C ditto
55 |OCH-A HIGH SET OC RELAY
56 |OCH-B ditto
57 |OCH-C ditto
58 |DEFR DIRECT. EF RLY (EXTERNAL)
59 |DEFF DIRECT. EF RLY (INTERNAL)
60 |EF EARTH FAULT RELAY
61 |EEI EARTH FAULT IDMT RELAY
62 |[OVG EARTH OV RELAY
6340OCD-A CURRENT CHANGE DETEC. RELAY
64 10CD-B ditto
65 |OCD-C ditto
66 UVC-Al UV RELAY (PHASE SELECTOR)
67 [UVCB ditto
68 |UVC-C ditto
69 |UVFS-AB UV RELAY (High set)
70 |UVFS-BC ditto
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Signal list
No. Signal Name Contents
71 JUVFS-CA ditto
72 |UVLS-AB UV RELAY (Low set)
73 |UVLS-BC ditto
74 |UVLS-CA ditto
75 |[UVFG-A UV RELAY (High set)
76 |UVFG-B ditto
77 |UVFG-C ditto
78 |UVLG-A UV RELAY (Low set)
79 |UVLG-B ditto
80 |UVLG-C ditto
81 |OCBF-A OC RELAY FOR CBF DETECTION
82 |OCBF-B ditto
83 |OCBF-C ditto
84 |OST-ZM OST-ZM
85 |OST-ZN OST-ZN
86 |OVB OVB
87 |UVB uvB
88 |SYN1 SYN1
89 |OVL OVL
90 JUVL1 UVL1
91 |OVL2 OVL2
92 |UVL2 UVL2
93 [SYN2 SYN2
94 [OC-A OC-A
95 |[OC-B OC-B
96 |OC-C oc-C
97 |OCI-A OCI-A
98 |OCI-B OCI-B
99 |OCI-C OCI-C
00 |CHECKING CHECKING
01|CB-AND CB CONTACT (3PHASE AND)
102 |CB-OR CB CONTACT (3PHASE OR)
103 |Z1G-AX Z1G-AX
104 |Z21G-BX Z1G-BX
05]Z21G-CX Z1G-CX
106 |Z1XG-AX Z1XG-AX
107 |Z1XG-BX Z1XG-BX
108 |Z1XG-CX Z1XG-CX
109 [Z22G-AX Z2G-AX
0|z2G-BX Z2G-BX
111]22G-CX Z2G-CX
112]|Z3G-AX Z3G-AX
113]Z3G-BX Z3G-BX
114 |Z3G-CX Z3G-CX
5|Z24G-AX Z4G-AX
116 |Z4G-BX Z4GsBX
117 |Z4G-CX Z4G-CX
8]Z1S-ABX Z1S-ABX
19]21S-BCX Z1S-BEX
20]Z1S-CAX Z1S4€AX
121|Z1XS-ABX Z1XS-ABX
122 |Z1XS-BCX ZAXS-BCX
23 |Z1XS-CAX Z1XS-CAX
24 1725-ABX Z2S-ABX
125|72S-BCX Z2S-BCX
126 |22S-CAX Z2S-CAX
127 |Z3S-ABX Z3S-ABX
2873S-BCX Z3S-BCX
129 |Z3S-CAX Z3S-CAX
130|Z4S-ABX Z4S-ABX
131]74S-BCX Z4S-BCX
132 | Z4S-CAX Z4S-CAX
33 JPSBSOQUT-ABX PSBSOUT-ABX
134 |PSBSOUT-BCX PSBSOUT-BCX
185 |PSBSOUT-CAX PSBSOUT-CAX
136,/ OCCROR OCCROR
1371OCHOR OCHOR
138 |OCBOR OCDOR
39 |UVCOR UVCOR
140 |UVFSOR UVFSOR
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Signal list
No. Signal Name Contents
141 JUVLSOR UVLSOR
42 |UVFGOR UVFGOR
143 |UVLGOR UVLGOR
144 |2PH 2PH
145 |TZ1GA TZ1GA
46 |TZ1GB TZ1GB
47 |TZ21GC TZ1GC
148|Z1G TRIP Z1G TRIP
149 |Z1G-A TRIP Z1G TRIP A ph.
150|Z1G-B TRIP Z1G TRIP B ph.
51|Z1G-C TRIP Z1G TRIP C ph.
152
153]|22G TRIP Z2G TRIP
154 |Z2GOR Z2G RELAY OR LOGIC
155
56 |Z3G TRIP Z3G TRIP
157 |Z3GOR Z3G RELAY OR LOGIC
158 |Z1PTT ZONE1 RELAY O/P FOR PTTSCHEME
159|TZ1S Z1S TRIP TIMER
160|Z1S TRIP Z1S TRIP
61
162|22S TRIP Z2S TRIP
Wgz Z2SOR Z2S RELAY OR LOGIC
1
165]Z3S TRIP Z3S TRIP
66 |Z3SOR Z3S RELAY OR LOGIC
167 |Z1XG TRIP Z1XG TRIP
168 |Z1X-A TRIP Z1XG TRIP A ph.
169[Z1X-B TRIP Z1XG TRIP B ph.
70|Z1X-C TRIP Z1XG TRIP C ph.
71|Z1XS TRIP Z1XS TRIP
172 |VTF_ALARM VTF ALARM
173 |VTF VTF BLOCK SIGNAL
174 |VTF1 ALARM 3PH VTF DETECT.
75|VTF2 ALARM 1 OR 2PH VTF DETECT
176 |PSB DET PSB DETECTION
177 |PSB-Z1 PSB FOR ZONE1 RELAY.
178 |PSB-Z1X PSB FOR ZONE1X'RELAY"
179 |PSB-Z2 PSB FOR ZONE2 RELAY:
80 |PSB-Z3 PSB FOR ZONE3 RELAY
181 |PSB-CR PSB FOR CARRIERTRIP
182|STUB TRIP STUB TRIP
183 |SOTF _TRIP SOTE TRIP.
184 [EFI TRIP EF IDML TRIR
85|EF ALARM EF BACK=UP TRIP ALARM
186 |DEF_ALARM DEFRBACK-UP TRIP ALARM
187 |EF_BU-TRIP EFfor DEE.BACK-UP TRIP
188 [TZ4S 748 BACK-UP TRIP TIMER
189|ZR1S TRIP ZR1STIRIP
90 |ZR1SOR ZR1S\RELAY OR LOGIC
191|TZ4G Z4G BACK-UP TRIP TIMER
192|ZR1G_TRIP Z4G BACK-UP TRIP
193 |ZR1GOR ZR1G RELAY OR LOGIC
94 |BU TRIP BACK-UP TRIP
95 |[BURECLK BU RECLOSE BLOCK
196 |CBF RETRIP-A RE-TRIP A ph. FOR CBF
197 |CBF RETRIRB RE-TRIP B ph. FOR CBF
198 |CBF RETRIP-C RE-TRIP C ph. FOR CBF
99 |CBF DET CBF DETECTION
200 |CBF TRIP RELATED CB TRIP FOR CBF
201 |TOST1 OS DETECTION TIMER 1
202 |[TOST2 OS DETECTION TIMER 2
203 JOSTIRIP OS TRIP
204|EXT _CAR-R1 CARRIER RECEIVE FROM REMOTE TERM.1
205 |C/R PUP CARRIER SEND FOR PUTT
206.|CRG-PUP PUTT LOCAL TRIP
207 JCRS.PUP ditto
208 | ZGEeX CARRIER CONTROL RELAY(Z22G/Z3G)
209 |ZSCX CARRIER CONTROL RELAY(Z2S/Z3S)
210|C/R POUP CARRIER SEND FOR POTT/UNBLK
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No. Signal Name Contents
211 |CRG-POP/UOP POTT/UNBLK LOCAL TRIP
212 |CRS-POP/UOP ditto
213 |WI TRIP WEAK INFEED TRIP
214 |REV BLK CARRIER SEND FOR BLOCK
215 |[DEFFCR DG CARRIER TRIP DELAY TIMER
216 |DEFRCR CARR. COORDINATION DGO TIMER
217 |C/R DEF DG CARR. SEND (PUTT.POTT.UNBLK)
218 |DEFCAR TRIP DG CARR. TRIP (ditto)
219|C/R DEFBOP DG CARR. SEND (BLK)
220 |DEFBOP_TRIP DG CARR. TRIP (BLK)
221|C/R BOP CARRIER SEND FOR BLOCKING
222 |CRG-BOP BLOCKING LOCAL TRIP
223 |CRS-BOP ditto
224 [LK-BOP CARRIER SEND FOR BLOCKING
225 |[EXT CAR-S EXTERNAL CARRIER SEND COMMAND
226 |CAR-G TRIP CARRIER TRIP(G)
227 |CAR-S TRIP CARRIER TRIP(S)
228 |CAR-A TRIP DISTANCE or DG CARRIER TRIP (A ph.)
229 |CAR-B TRIP DISTANCE or DG CARRIER TRIP (B ph.)
230 |CAR-C TRIP DISTANCE or DG CARRIER TRIP (C ph.)
231|CAR TRIP DISTANCE or DG CARRIER TRIP
232 |DEFCR TRIP DG CARRIER TRIP
233 |WICAR TRIP NEAK CARRIER TRIP
234 |TPMD3PH TRIP MODE 3ph.
235|TRIP-A TRIP A ph.
236 |TRIP-B TRIP B ph.
237 |TRIP-C TRIP C ph.
238 |TRIP-OR TRIP O/P OR
239 |TRIP TRIP SINGLE SHOT
240 |TRIP-A1 TRIP O/P FOR BUS CB
241 |TRIP-B1 ditto
242 |TRIP-C1 ditto
243 |TRIP-A2 TRIP O/P FOR CENTERCB
244 |TRIP-B2 ditto
245 |TRIP-C2 ditto
246 [FDX1 FD OUTPUT 1 (OPTIONY
247 |FDX2 FD OUTPUT 2 (OPTION)
248 [M-OR MAIN TRIP “OR”
249 [M-AND MAIN TRIP “AND”
250 |FD FD TRIP “OR”
251 |FD-AND FD TRIP “AND”
252 |SBT CARRIERSEND FOR TEST/MONITOR
253 |CHF CARRIER" CHANNEL™ FAILURE
254 |RLYFAIL RELAY‘FAILURE
255|RLY O/P BLK RELAY OUFPUT BLOCK
SV-LOCK \V BLOCK
257 |LSSV LS FAILURE
258 [TEVLV EVOLEVING FAULT WAITING TIMER
259 |[TSPR1 LEAD SPAR DEAD LINE TIMER
260 |TTPR1 LEADTPAR DEAD LINE TIMER
261 |TRR1 FEAD RESET TIMER
262 |[TPARL-SET LEAD, TPAR O/P CONFIRMED
263 |TSPR2 FLW/SPAR DEAD LINE TIMER
264 |[TTPR2 FEW TPAR TIMING
265 |TRR2 ELW RESET TIMER
266 |TPAR.F FLW TPAR O/P CONFIRMED
267 |LB.DL-1 LEAD LIVE BUS & DEAD LINE
268 |DB.LL-1 LEAD DEAD BUS & LIVE LINE
269 |LB.LL.SYN-1 LEAD LIVE BUS & LIVE LINE +SYN.
270|LB.DL-2 FLW LIVE BUS & DEAD LINE
271|DB.LL-2 FLW DEAD BUS & LIVE LINE
272 |LB.LL.SYN=2 FLW LIVE BUS & LIVE LINE SYN.
273 |SYN-OP SYN. CONDITION FOR TPAR
274 |SYN-SEL SYN. ELEMENT SELECT SIGNAL
275 |TDBLd VOLTAGE CHECK TIMER
2764TLBD1 ditto
277 | TSYN1 LEAD SYN CHECK TIMER
218 |TDBL2 VOLTAGE CHECK TIMER
279)|TLBD2 ditto
280 |TSYN2 FLW SYN CHECK TIMER
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No. Signal Name Contents

281 |REC.READY1 LEAD REC. READY SIGNAL

282 [REC.READY2 FLWREC. READY SIGNAL

283 [BRIDGE1 LEAD BRIDGE CONDITION

284 |BRIDGE2 FLW BRIDGE CONDITION

285 |IN-PROGT LEAD REC. IN PROGRESS

286 |IN-PROG2 FLW REC. IN PROGRESS

287 |SPAR1 LEAD SPAR O/P

288 |SPAR2 FLW SPAR O/P

289 [TPAR1 LEAD TPAR O/P

290 [TPAR2 FLW TPAR O/P

291 |ARC1 REC OUTPUT FOR BUS CB Y
292 |ARC2 REC OUTPUT FOR CENTER CB

293 |94TT1 LEAD REMAINING PHASE TRIP

294 [94TT2 FLW REMAINING PHASE TRIP v a
295 |FT1 LEAD FINAL TRIP SIGNAL N 4
296 [FT2 FLW FINAL TRIP SIGNAL

297 |TS2 MULTI.SHOT-2 DEAD TIMER . N
298 |TS3 MULTI.SHOT-3 DEAD TIMER I N
299 |TS4 MULTI.SHOT-4 DEAD TIMER Y )
300 |[TS2R MULTI.SHOT-2 RESET TIMER b O
301 [TS3R MULTI.SHOT-3 RESET TIMER

302 [TS4R MULTI.SHOT-4 RESET TIMER

303 [MULTI.ARC MULTI. SHOT REC. OUTPUT D
304 |MAR-OKO 1 SHOT REC. SUCCESS y ¥

305 |[MAR-OK1 2 SHOT REC. SUCCESS

306 |[MAR-OK2 3 SHOT REC. SUCCESS

307 |[MAR-OK3 4 SHOT REC. SUCCESS PP

308 [MAR-FT MULTI. REC. FINAL TRIP A’

309 [TRIP-H TRIP SIGNAL HOLD h. Y&

310 |SBT-INV CARRIER SEND FOR TEST/MONITOR,, "¢

311 |BFS-AB BLINDER FOR ZS (FORWARD) \ @

312 |BFS-BC ditto D

313 |BFS-CA ditto h -y

314 |[BRS-AB BLINDER FOR ZS (REVERS

315 |[BRS-BC ditto n

316 |BRS-CA ditto A

317 |BFG-A BLINDER FOR ZG (FORWARD

318 |BFG-B ditto

319 |BFG-C ditto -

320 |BRG-A BLINDER FOR ZG(REVE )

321 [BRG-B ditto =

322 [BRG-C ditto

323 |PSBSIN-AB POWER'SWING BLOCK FOR NNER MEN

324 |PSBSIN-BC ditto v

325 |PSBSIN-CA dittoT,.

326 |OC_TRIP OC BACK-=UP TRIP

327 [OCI_TRIP IDMIZO€ BACK-UP TRIP

328 [OC_BU-TRIP OClor QCIBACK-UP TRIP

329 |TSPR3 FLWDEAD E TIMER

330 |[TTPR3 FEW DEAD LINE TIMER

331 [ZIGTORT 1Z1GTIRIP

332 |Z1STT L3 |Z1S TRIP

333 N

334 A
335 D
336 W N
337 |OST_BO OST BINARY OUTPUT
338 |EXT_DEFCAR o EXTERNAL DG CARRIER SEND COMMAND
339 |S-DEFBOP2 DG CARRIER SEND2(BLOCKING)
340
341 [ZT+ZTX+CRI w MAIN TRIP
342 |Z1_TRIP" 4 ZONET TRIP
343 X TRIRPA ZONET EXTENTION TRIP
344 )22 “TRIP s’ ZONE2 TRIP
3457[Z3_TRIP ZONE3 TRIP

346 |ZR4> TRIF ZONE-R1 TRIP

47 | 22+Z3+2ZR1 ZONE2-R1 TRIP

18 R’ ZONE3 AND ZONE-R1 TRIP

49 |EF/IDEF_ALARM EF/DEF/EFT ALARM
350 |[SOTF+STUB SOTF/STUB TRIP

L 4
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Signal Name
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351

UP TRIP

TRIP

352

PSBSIN-ABX

U
PSBSIN-ABX

353

PSBSIN-BCX

PSBSIN-BCX

354

PSBSIN-CAX

PSBSIN-CAX

355

TP-2PH

Multi phase trip signal

356

TP-MPH

Multi phase trip sianal

357

OCDP-A

CURRENT CHANGE DET. DURING PS

358

OCDP-B

ditto

359

OCDP-C

ditt

360

DOCN-F

0
EGATIVE DIR.RELAY (FORWARD)

361

DOCN-R

EGATIVE DIR.RELAY (REVERSE)

362

UVPWI-A

UV RELAY

363

UVPWI-B

UV RELAY

364

UVPWI-C

My

UV RELAY

365

TP-1PH

single phase trip

366

367

368

ARC COM.ON

Autorecloser active (for [IEC103)

369

TELE.COM.ON

Teleprotection active (for IEC103)

370

PROT.COM.ON

Protection active (for IEC103)

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

OVL element output (for 3phase line voltaae)

394

OVL-A<«€lement output (for 3phase line vo

tage)

395

OVL.B elemént output (for 3phase line vo

tage)

OVL-Clelement.output (for 3phase line vo

tage)

Three phase live'line element output

TI-STEP OC RELAY LEVEL 1
EVEL 2

L3

L4

L5

T O e T O O M O
I
N

L6

L7

(]
ENT CHANGE DETECTION RELAY

O
@)
OO0 EREEEEE

oo|Clalolalaol@aololc

EFF

EARTH FAULT DETECTION RELAY

UVSF-AB

UV RELAY

UVSF-BC

ditto

UVSF-.CA

ditto

OO | O[O | 1| B |[WN|= O

o=
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No Signal Name Contents
421|UVGF-A ditto

422 |UVGF-B ditto

4 %3 UVGF-C ditto

424

425 |UVDF-A VOLTAGE CHANGE DETECTION RELAY
426 |UVDF-B ditto

427 |UVDF-C ditto

428

429

430

431 |52AND1 CB1 contact AND loaic

432 |52AND2 CB2 contact AND logic

433 |LB Selected live bus mode

434 |DB Selected dead bus mode
435|SYN Selected Synchronism check mode
436 |OVS1-AB OVS1-AB relay element output
437 |OVS1-BC OVS1-BC relay element output
438 |OVS1-CA OVS1-CA relay element output
439 |OVS2-AB OVS2-AB relay element output
440 |OVS2-BC OVS2-BC relay element output

441 |OVS2-CA OVS2-CA relay element output
442 |10VG1-A OVG1-A relay element output

443 |0VG1-B OVG1-B relay element output

444 10VG1-C OVG1-C relay element output

445 |OVG2-A OVG2-A relay element output

446 |OVG2-B OVG2-B relay element output

447 10VG2-C OVG2-C relav element output

448 |OVS1-AB INST OVS1-AB relay element start

449 |OVS1-BC INST OVS1-BC relay element start

450 |OVS1-CA INST OVS1-CA relay element start

451 |OVG1-A INST OVG1-A relay element start

452 |OVG1-B INST OVG1-B relay element start

453 |OVG1-C INST OVG1-C relay element start

454 |UVS1-AB UVS1-AB relav element output
455 |JUVS1-BC UVS1-BC relay elementiodgtput
456 |JUVS1-CA UVS1-CA relay elementoutput
457 |JUVS2-AB UVS2-AB relay elemept output
458 |UVS2-BC UVS2-BC relav elementeutput
459 JUVS2-CA UVS2-CA relay element output
460 JUVG1-A UVG1-A relav elementoutout

461 |UVG1-B UVG1-B relay element output
462 |UVG1-C UVG1-C relavielement autput
463 |JUVG2-A UVG2-Adelay elementoutput
464 |UVG2-B UVG2-B relayéelement output
465 |UVG2-C UVG2-C relay element output
466 |JUVS1-AB INST UVS1-AB relawelement start
467 |UVS1-BC INST UVS1-BCielay €lement start
468 JUVS1-CA INST UVST-CA relay element start
469 |JUVG1-A INST UVG1-Arelay element start
470 |UVG1-B INST UVG1B relay element start
471 |UVG1-C INST OV G1-Cselay element start
472 |UVSBLK-AB UVS@BLK-AB relay element output
473 JUVSBLK-BC UVS /BLK-BC relav element output
474 |JUVSBLK-CA UVS BLK-CA relay element output
475 |UVGBLK-A UVG BLK-A relav element output
476 |UVGBLK-B UVG BLK-B relay element output
4 7; UVGBLK-C UVG BLK-C relay element output
47
479
480 |JARCMD OFE Autoreclosing mode (Disable)
481 |ARCMD SPAR ditto (SPAR)
482 |ARCMD _FRAR ditto (MPAR)
483 |JARCMD "S&I ditto (SPAR & TPAR)
484 |ARCMD\ EXT1P ditto (EXT1P)
485 |ARCMD“EXI3P ditto (EXT3P)
4864 ARC-SET output set signal in leader CB autoreclose
487 |CBaUNDRY.L ST Starting signal for final trip with CB unready
488 |TSUC1 ARC.L success reset signal
48944SUC2 ARC.F success reset signal
490 JARCASUCCESS1 leader CB autoreclose success signal
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Sianal list

No. Signal Name Contents
491]ARC SUCCESS2 ollower CB autoreclose success sianal
492 |ARC FAIL1 eader CB autoreclose fail signal
482 ARC FAIL2 Follower CB autoreclose fail sianal
4

495

496

497

498

499

500

501 JUARCSW P1 User ARC switch Position1
502 JUARCSW P2 User ARC switch Position2
282 UARCSW P3 User ARC switch Position3
505

506

507

508

509

510

511

512

513 |BI1_ COMMA nary input signal BI1
514 |BI2 COMMAND Binary input signal B2
515|BI3 COMMAND Binary input signal BI3
516 |BI4 COMMAND Binary input signal Bl4
517 |BI5 COMMAND Binary input signal BI5
518 |BI6  COMMAND Binary input signal Bl6
519 |BI7 COMMAND Binary input signal BI7
520 |BI8 COMMAND Binary input signal BI8
521|BI9 COMMAND Binary input signal BI9
522 |BI10 COMMAND Binary input signal BI10
523|BI111 COMMAND Binary input signal Bl11
524 |BI12 COMMAND Binary input signal BI12
525|B113 COMMAND Binary input signal BI13
526 |BI14 COMMAND Binary input signal Bl14.
527 |BI15 COMMAND Binary input sianal BI15
528 |BI16  COMMAND Binary input signal BIT6
529 |BI17 COMMAND Binary input sianal Bil7
530 |BI18 COMMAND Binary input sianal BI18
531|BI19 COMMAND Binary input sianal BI19
532 |BI120 COMMAND Binary inpudt'signal BI20
533|BI21 COMMAND Binary input signal BI21
534 |BI122 COMMAND Binary input signal BI22
535|BI23 COMMAND Binapy inputsianal BI23
536 |BI24 COMMAND Binarviinput'signal BI24
537 |BI25 COMMAND Binary input signal BI125
538 |BI26  COMMAND Binafyiinput'sianal BI26
539 |BI27 COMMAND Binary input sianal BI127
540 |BI28 COMMAND Binary input signal BI28
541|BI34 COMMAND Binarv.input sianal BI34
542 |BI35 COMMAND Binaty input signal BI35
gzi BI36 COMMAND Binarny input sianal BI36

v

545

546

547

548

549

550

551

552

553 |ZR1S-AB PHASE FAULT RELAY ZR1S
554 |ZR1S-BC ditto

555 |ZR1S-CA ditto

5564 THM-T. Thermal trip relav
557'|ZR2S-AB PHASE FAULT RELAY ZR2S
558 |ZR2S-BC ditto

559|ZR2S-CA ditto

560 TTHM-A Thermal alarm relay
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Sianal list
No. Signal Name Contents
561 |[PSBGIN-A POWER SWING BLOCK FOR ZG INNER ELEMENT
562 [PSBGIN-B ditto
523 PSBGIN-C ditto
564
565 [PSBGOUT-A POWER SWING BLOCK for ZG OUTER ELEMENT
566 [PSBGOUT-B ditto
567 |[PSBGOUT-C ditto
568 |EFL EARTH FAULT RELAY
569 |[ZR1G-A EARTH FAULT RELAY ZR1G
570|ZR1G-B ditto
571|ZR1G-C ditto
572
573 [ZR2G-A EARTH FAULT RELAY ZR2G
574 |ZR2G-B ditto
575|ZR2G-C ditto
576
577 |ZFS-AB PHASE FAULT RELAY ZFS
578 |ZFS-BC ditto
579 |ZFS-CA ditto
580
581 [ZNDS-AB PHASE FAULT RELAY ZNDS
582 [ZNDS-BC ditto
583 [ZNDS-CA ditto
584
585
586
587
588
589
590
591
592
593 [ZFG-A EARTH FAULT RELAY ZFEG
594 |ZFG-B ditto
595 [ZFG-C ditto
596
597 |ZNDG-A EARTH FAULT RELAY.ZNDG
598 [ZNDG-B ditto
599 [ZNDG-C ditto
600
601
602
603
604
605
606
607
608
609 [ZR1S-ABX ZR1S-ABX
610 [ZR1S-BCX ZR1SEBCX
611 [ZR1S-CAX ZR1S-CAX
612 |EXT CAR-R2 CARRIER RECEIVE FROM REMOTE TERM.2
613 |OC TRIP-A OC trip sianal (A-Phase)
614 |OC TRIP-B OCrtrip signal (B-Phase)
615|0C TRIP-C OC trip signal (C-Phase)
616 [OCI TRIP-A OCl trip siagnal (A-Phase)
617 |OCI TRIP-B OCl trip sianal (B-Phase)
618 |OCI TRIP-C OCl trip signal (C-Phase)
619 |C/R DISECH@ Distance carrier echo sianal
620 |C/R DEFECHO DEF carrier echo sianal
621 |CHF-SV R1 CARRIER CHANNEL FAILURE (Remote terminal-1)
622 |[CHF-SV_..R2 CARRIER CHANNEL FAILURE (Remote terminal-2)
623 |TP-A Trip A-phase command without off-delay timer
624 |TP-B Trip B-phase command without off-delay timer
625 |TP-C Trip C-phase command without off-delay timer
6264 ZF G-AX ZFG-AX
627 |ZFG-BX ZFG-BX
628 |ZEG-CX ZFG-CX
629|ZR1G-AX ZR1G-AX
630 [ZR1G-BX ZR1G-BX
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No. Signal Name Contents
631 [ZR1G-CX ZR1G-CX

632 |[ZR2G-AX ZR2G-AX

633 |ZR2G-BX ZR2G-BX

634 |ZR2G-CX ZR2G-CX

635 |ZFS-ABX ZFS-ABX

636 |ZFS-BCX ZFS-BCX

637 |ZFS-CAX ZFS-CAX

638 |ZR2S-ABX ZR2S-ABX

639 [ZR2S-BCX ZR2S-BCX

640 |ZR2S-CAX ZR2S-CAX

641]Z2G-A TRIP Z2G TRIP A ph.

642 |Z22G-B TRIP Z2G TRIP B ph.

643 |Z22G-C TRIP Z2G TRIP C ph.

644 |Z3G-A TRIP Z3G TRIP A ph.
645|Z3G-B TRIP Z3G TRIP B ph.

646 [Z3G-C TRIP Z3G TRIP C ph.

647 |ZFG TRIP ZFG TRIP

648 |ZFG-A TRIP ZFG TRIP A ph.

649 |ZFG-B TRIP ZFG TRIP B ph.

650 |ZFG-C TRIP ZFG TRIP C ph.
651|ZFS TRIP ZFS TRIP

652 |ZR1G-A TRIP ZR1G TRIP A ph.

653 |ZR1G-B _TRIP ZR1G TRIP B ph.

654 |ZR1G-C TRIP ZR1G TRIP C ph.

655 |ZR2G TRIP ZR2G TRIP

656 |ZR2G-A TRIP ZR2G TRIP A ph.

657 |ZR2G-B_TRIP ZR2G TRIP B ph.

658 |ZR2G-C TRIP ZR2G TRIP C ph.

659 [ZR2S TRIP ZR2S TRIP

660 |Z1GOR Z1G RELAY OR LOGIC
661|Z1SOR Z1S RELAY OR LOGIC
662 |ZFGOR ZFG RELAY OR LOGIC
663 |ZFSOR ZFS RELAY OR LOGIC
664 |ZR2GOR ZR2G RELAY OR LOGIC
665 |ZR2SOR ZR2S RELAY OR LOGIC
666 |ZNDG-AX ZNDG-AX

667 |ZNDG-BX ZNDG-BX

668 |ZNDG-CX ZNDG-CX

669 |ZNDS-ABX ZNDS-ABX

670 |ZNDS-BCX ZNDS-BCX
671|ZNDS-CAX ZNDS-CAX

672 |ZNDG TRIP ZNDG TRIP

673 |[ZNDG-A TRIP ZNDG TRIP A ph.

674 |ZNDG-B TRIP ZNDG TRIP Bph.
675|ZNDG-C TRIP ZNDG.TRIRLC ph.

676 |ZNDS TRIP ZNDSTRIP

677 |DEF_TRIP DEF BACK:UP TRIP
678 |EF TRIP EF BACK-UPMRIP
679 |STUB-A TRIP Stub TRIPWA ph.

680 |STUB-B TRIP Stub TRIR B ph.
681|STUB-C TRIP Stub TRIP C ph

682 [SOTF-A TRIP SOTE-OCH TRIP A ph
683 [SOTF-B TRIP SOTE*OCH TRIP B p
684 [SOTF-C TRIP SOTF-OCH TRIP C ph
685 |[SOTF-Z TRIP SOTF-Zistance TRIP
686 |OCH TRIP OCH TRIP

687 |OCH-A TRIP OCH TRIP A ph.

688 |OCH-B TRIP OCH TRIP B ph.

689 |OCH-C TRIP, OCH TRIP C ph.

690 |THM ALARM THERMAL ALARM

691 |THM TRIP THERMAL TRIP

692 |CBF REIRIR RE-TRIP FOR CBF
693 |CBF TRIP-A RELATED CB TRIP A ph. FOR CBF
694 |CBF TRIRA RELATED CB TRIP B ph. FOR CBF
695 |CBFATRIP-C. RELATED CB TRIP C ph. FOR CBF
6964PSBGOUT-AX PSBGOUT-AX

697 |PSBGOUT-BX PSBGOUT-BX

698 |IPSBGOMT-CX PSBGOUT-CX

699 PSBGIN-AX PSBGIN-AX

700 [PSBGIN-BX PSBGIN-BX
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701 [PSBGIN-CX SBGIN-CX

702 |PSBS DET PSB for ZS DETECTION

703 |PSBG DET PSB for ZG DETECTION

704 |ZF TRIP ZONE-F TRIP

705]ZR2 TRIP ZONE-R2 TRIP

706 |ZND TRIP ZONE-ND TRIP

707 |[SHOT NUM1 Trip/Auto-Reclosing shot number1 condition

708 [SHOT NUM2 Trip/Auto-Reclosina shot number2 condition

709 [SHOT NUM3 Trip/Auto-Reclosing shot number3 condition

710 |ISHOT NUM4 Trip/Auto-Reclosing shot number4 condition

711 |SHOT NUM5 Trip/Auto-Reclosing shot number5 condition

712 |Z1CNT INST Z1 CONTROL COMMAND (Instantlv trip)
713|Z1CNT 3PTP Z1 CONTROL COMMAND (3-phase trip)

714 |Z1CNT ARCBLK Z1 CONTROL COMMAND (Autoreclosing block)
715|Z1CNT TPBLK Z1 CONTROL COMMAND (Trip block)

716 |ZNDGOR ZNDG RELAY OR LOGIC

717 |ZNDSOR ZNDS RELAY OR LOGIC

718

719

720 |ZGC-AX CARRIER CONTROL RELAY(Z2G/Z3G-A ph.)
721]ZGC-BX CARRIER CONTROL RELAY(Z2G/Z3G-B ph.)

722 |ZGC-CX CARRIER CONTROL RELAY(Z22G/Z3G-C ph.)

723 |C/R PUP-A CARRIER SEND FOR PUTT (ZG-A ph.)

724 |C/R_PUP-B CARRIER SEND FOR PUTT (ZG-B ph.)

725|C/R PUP-C CARRIER SEND FOR PUTT (ZG-C ph.)

726 |C/R PUP-S CARRIER SEND FOR PUTT (ZS)

727 |[PUP_TRIP-A PUTT LOCAL TRIP (A ph.)

728 |PUP_TRIP-B PUTT LOCAL TRIP (B ph.)

729 |[PUP_TRIP-C PUTT LOCAL TRIP (C ph.

730 |C/R POUP-A CARRIER SEND FOR POTT/UNBLOCK (ZG-A ph.)
731|C/R POUP-B CARRIER SEND FOR POTT/UNBLOCK(ZG-B ph.)
732 |C/R POUP-C CARRIER SEND FOR POIT/UNBLOCKWZG-C ph.)
733 |C/R POUP-S CARRIER SEND FOR POTT/UNBLOCK (ZS)

734 |POUP TRIP-A POTT/UNBLOCK LOCAL TRIR (A"ph.)

735 |POUP TRIP-B POTT/UNBLOCK LOCARLTRIPYB.ph.)

736 |POUP TRIP-C POTT/UNBLOCK LOCALETRIP (C'ph.)

737 |REV_BLK-A CARRIER SEND FOR BLOCKyZG-A ph.)

738 |REV BLK-B CARRIER SEND FOR'BLOCK (ZG-B ph.)

739 |REV BLK-C CARRIER SEND FOR BIOCK (ZG-C ph.)

740 |REV BLK-S CARRIER SEND FORBLOCK (ZS)

741 |C/R BOP-A CARRIER SENDEOR BLOCKING (ZG-A ph.)

742 |C/R BOP-B CARRIERSEND FOR BLOCKING (ZG-B ph.)

743 |C/R BOP-C CARRIER'SEND FOR'BLOCKING (ZG-C ph.)

744 |C/R BOP-S CARRIER SEND FOR BLOCKING (ZS)

745 |BOP TRIP-A BLOCKINGWLOCAL TRIP (A ph.)

746 |BOP TRIP-B BLOCKING EQCAL TRIP (B ph.)

747 |[BOP_TRIP- BLOCKING.LOCAL TRIP (C ph.

748 |C/R DEF-A DG .CARRIER,SEND (PUTT,POTT,UNBLOCK) (A ph.)
749 |C/R_DEF-B DG CARRIER SEND (PUTT.POTT.UNBLOCK) (B ph.)
750 |C/R DEF-C DG CARRIER SEND (PUTT,POTT,UNBLOCK) (C ph.)
751 |DEFCR TRIP-A DG CARRIER LOCAL TRIP (PUTT.POTT.UNBLOCK) (A ph.)
752 |DEFCR TRIP-B DG GARRIER LOCAL TRIP (PUTT,POTT,UNBLOCK) (B ph.)
753 |DEFCR TRIP- DG CARRIER LOCAL TRIP (PUTT,POTT,UNBLOCK) (C ph.)
754 |C/R_DEFBOP-A DGCARRIER SEND (BLOCKING) (A ph.)

755 |C/R DEFBOP-B DG CARRIER SEND (BLOCKING) (B ph.)

756 |C/R DEFBOP-C DG CARRIER SEND (BLOCKING) (C ph.)

757 |DEFBOP TRIP=A DG CARRIER LOCAL TRIP (BLOCKING) (A ph.)
758 |DEFBOP TRIP-B DG CARRIER LOCAL TRIP (BLOCKING) (B ph.)
759 |DEFBOP TRIP=C DG CARRIER LOCAL TRIP (BLOCKING) (C ph.)
760 |[POUP TRIP POUP TRIP

761 |BOP _TRIP BOP TRIP

762 |REV BLK-DEF DG.CARRIER SEND FOR BLOCK

763 |DEFR TRIP DEF BACK-UP TRIP

764 JUVSBLK UVS BLOCK

765 |[JUVGBLK UVG BLOCK

766 D BCD relay element output

76718 TRIP. CD TRIP

768 |C/R_DISECHO-A CARRIER SEND FOR ECHO (ZG-A ph.)

769)|C/R DISECHO-B CARRIER SEND FOR ECHO (ZG-B ph.)

7701C/R DISECHO-C CARRIER SEND FOR ECHO (ZG-C ph.)
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Y

P

'\)II\)N

P

IS
|~

P2-A

| ZZZ 5/

II;II;II;II;
207070 20|0| W0 >

P2-C

P-2(Cp

R
R
R
RIP2-B
R
E

S
O
>
[
O e e e

ST

STING SW ON

ARCMD

>

LARM

PLC Autoreclosing mode discrepancy alarm

(o]
~
O|O| 00| || U1 LN =

SEVERE CF

Severe CF detection

SEVERE CF-L

evere CF detection/at [ocal terminal

DATA.CH1-DIS

H1 recejvinadata disable

DATA.CH2-DIS

[@)(@]l%]

H2 receiving data disable

BUCAR MODE

Back up earrief mode condition

ASTER

Beind'Set to‘master terminal

LAVE

Beina setto slave terminal

CH?% ¢omm.data using

M
S
CH1.DATA USE
CH2.DATA USE

CH2 comim.data usina

EM1 READY

Remote term.

ready condition

F1

Remote term.

comm.fail

PF1

Remote term.

SP.sync.fail

Remote term.

Comm.fail alarm (902+903+906+907)

EADY1

Remote term.

Ready alarm

NREADXYA

Remote term.

Un-Ready alarm

R
0]
S
COMM1 FAIL
R
U
[0}

FSV1

Remote term.

Comm.fail alarm

SPSV1

Remote term.

SP.sync.fail alarm

TXULEVEL1

Remote term.

Transmission signal level drop alarm

RX LEMEL1

Remote term.

Receiving sianal level drop alarm

CLKA1

Remote term.

Clock signal interruption alarm

CESV1-L

Remote term.1

Receiving Comm.fail alarm

CFSVIR

Remote term.

Sending Comm.fail alarm
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911
912 |REM2 READY Remote term.2 ready condition
913 |CF2 Remote term.2 comm.fail
8 4 |SPF2 Remote term.2 SP.sync fail
15
916 | COMM2 FAIL Remote term.2 Comm.fail alarm (918+919+922+923)
917 |READY?2 Remote term.2 Ready alarm
918 [UNREADY2 Remote term.2 Un-Readyv alarm
919 |CFSV2 Remote term.2 Comm.fail alarm
920 |SPSV2 Remote term.2 SP.sync.fail alarm
921 |TX LEVEL2 Remote term.2 Transmission signal level drop alarm
922 |RX LEVEL2 Remote term.2 Receiving sianal level drop alarm
923 [CLK2 Remote term.2 Clock signal interruption alarm
924 |CFSV2-L Remote term.2 Receiving Comm.fail alarm
g%g CEFSV2-R Remote term.2 Sending Comm.fail alarm
927
928 |CH1 CF Ch1 comm.fail (for Severe-CF detection)
929 |CH1 CAN.CODE Ch1 cancel-code receiving (for Severe-CF detection)
930 |CH1 CF-R1 Remote term 1 Ch1 comm.fail (for Severe-CF detegtion)
gg; CH1 CAN-R1 Remote term 1 Ch1 cancel-code (for Severe-CF detection
933
934
935
936
937
938
939
940
941
942
943
944 |CH2 CF Ch2 comm.fail (for Severe-CE.deteétion)
945 |CH2 CAN.CODE Ch2 cancel-code receiving'(for'Severe-CF detection)
946 [CH2 CF-R1 Remote term 1 Ch2 comm-fail (for'Severe-CF detection)
gzg CH2 CAN-R1 Remote term 1 Ch2 cancel-code’(for Severe-CF detection)
4
949 |OVS1 TRIP OVS1 TRIP
950 |OVS1-AB TRIP OVS1-AB TRIP
951 |0OVS1-BC TRIP OVS1-BC TRIP
952 |[OVS1-CA TRIP OVS1-CAARIP
953|0VS2 ALARM OVS2 AKARM
954 [OVS2-AB AL OVS2-AB. ALARM
955 |OVS2-BC AL OVS2-BCAEAR
956 [OVS2-CA ALM QOVS2-CA ALARM
957 |OVG1 TRIP OVG1 TRIR
958 |[OVG1-A TRIP OVGT1=A.TRIP
959 |[OVG1-B TRIP OVG1-BTRIP
960 [OVG1-C TRIP OVG1:C TRIP
961 ]|OVG2 ALARM OVG2 AKARM
962 |OVG2-A ALM OVG2-A ALAR|
963 |OVG2-B ALM OVG2-B ALAR|
964 [OVG2-C ALM QVGE2-C ALARM
965 |JUVS1 TRIP UVS1 TRIP
966 |[UVS1-AB TRIP UVS1-AB TRIP
967 JUVS1-BC TRIP. UVS1-BC TRIP
968 [UVS1-CA TRIP UVS1-CA TRIP
969 JUVS2 ALARM UVS2 ALARM
970 |UVS2-AB AL UVS2-AB ALARM
971 |UVS2-BC ALM UVS2-BC ALARM
972 |UVS2-CA-AL UVS2-CA ALAR|
973 |UVG1 TRIR UVG1 TRIP
974 [JUMG1-Al TRIP UVG1-ATRIP
975 [JUVG1-BUERIP UVG1-B TRIP
9764UVGT-C. TRIP UVG1-C TRIP
977 |UVG2 ALARM UVG2 ALARM
978 |UVG2-A. AL UVG2-A ALARM
979UVG2:B” ALM UVG2-B ALAR|
980 TUVG2-C ALM UVG2-C ALAR
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981 |OVS1-AB_RST

OVS1-AB relay element delayed reset

982 [OVST-BC_RST

OVS1-BC relay element delayed reset

983 |OVS1-CA RST

OVS1-CArelay element delayed reset

984 |OVG1-A_ RST

OVG1-Arelay element delayed reset

985 |OVG1-B_RST

OVG1-B relay element delayed reset

986 |OVG1-C_RST

OVG1-C relay element delayed reset

987 |UVS1-AB_RST

UVS1-AB relay element delayed reset

988 |UVST-BC_RST

UVS1-BC relay element delayed reset

989 |UVS1-CA RST

UVS1-CArelay element delayed reset

990 |UVGT-A_RST

UVG1-Arelay element delayed reset

991 |UVG1-B_RST

UVG1-B relay element delayed reset

992 |UVGT-C_RST

UVG1-C relay element delayed reset

993 |OVIUV_TRIP

OV/UV trip

994

995

996

997

998

999

1000

1001

1002

1003

1004

1005

1006

1007

1008

1009

1010

1011

1012

1013

1014

1015

1016

1017

1018

1019

1020

1021

1022

1023

1024

1025

1026

1027

1028

1029

1030

1031
1032

1034

1033 ™

1035

1036
1037

N N

1038

1039

1040 [FAULT_PHA A%, ¢

fault_phase_A

1041 [FAULT PHAIE

fault phase_B

1042 [FAULTLPHA C

fault_phase_C

1043 [FAGLT PHA N

fault_phase_N

EPP

0447

fault location start up error

1045 [FLLOB_FWD

faultlocation out of bounds (forward)

046 [FITOB_BACK

fault location out of bounds(backward)

047 [FL_NC

fault location not converged

048 ‘!"’. PLETED

fault location completed

1049 )

fault location over junction

7050 [FL .

One-terminal faultlocation(TERM=3TERM)

L 4
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1051

1052

1053

1054

1055

1056

1057

1058

1059

1060

1061

1062

1063

1064

1065

1066

1067

1068

1069

1070

1071

1072

1073

1074

1075

1076

1077

1078

1079

1080

1081

1082

1083

1084

1085

1086

1087

1088

COM1-R1

1089

COM2-R1

1090

COM3-R1

1091

COM4-R1

1092

COM5-R1

1093

COM6-R1

1094

COM7-R1

1095

COM8-R1

1096

COM9-R1

1097

COM10-R1

1098

COMT1-R1

1099

COM12-R1

1100

COM13-R1

1101

COM14-R1

1102

1103

1104

COMA-RT_UF

1105

COM2-R1_UF

1106

1107

1108

1109

omm. data receive signal from remote term-1 (unfiltered)
tto

ditto

ditto

ditto

ditto

1110

ditto

1111

ditto

1112

1113

ditto

ditto

ditto

ditto

ditto

ditto

Sub comm. data receive signal from term-1
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1121 [SUB_COM2-R1 ditto
1122 |SUB_COM3-R1 ditto
1123 |[SUB_COM4-R1 ditto
1124 |BUCAR-R1 Back up carrier mode in remote term-1 data
1125
1126
1127
1128
1129
1130
1131
1132 ¢
1133
1134 UV a
1135 V|
1136 [COM1-R2 Comm. data receive signal from remote term-2
1137 |COM2-R2 ditto
1138 |COM3-R2 ditto Y AN
1139 [COM4-R2 ditto
1140 |COM5-R2 ditto W
1141 |COM6-R2 ditto
1142 |COM7-R2 ditto
1143 [COM8-R2 ditto e
1144 [COM9-R2 ditto y N
1145 [COM10-R2 ditto
1146 [COMT1-R2 ditto
1147 |COM12-R2 ditto T~
1148 [COM13-R2 ditto A
1149 [COMT4-R2 ditto h. V¥ )
1150 N "™
1151 \ §
1152 [COM1-R2_UF Comm. data receive signalfrom remote term-2 (unfiltered)
1153 |COM2-R2_UF ditto s
1154 |COM3-R2_UF ditto
1155 |COM4-R2_UF ditto ..
1156 |COM5-R2_UF ditto P R
1157 |COM6-R2_UF ditto
1158 |COM7-R2_UF ditto
1159 |COM8-R2_UF ditto -
1160 |COM9-R2_UF ditto @A’
1161 |COM10-R2_UF ditto D [}
1162 |COM11-R2_UF ditto y Y W
1163 |[COM12-R2_UF ditto a
1164 |COM13-R2_UF ditto v
1165 |COM14-R2_UF ditto™ 0,
1166
1167 0
1168 |SUB_COM1-R2 Sub comm. data receive signal from term-2
1169 |SUB_COM2-R2 ditto
1170 |SUB_COM3-R2 difto
1171 [SUB_COM4-R2 | ditto,
1172 [BUCAR-R2 \ |Backiup carrier mode in remote term-2 data
1173 |
1174 ) Q)
1175
1176 0 N
1177
1178
1179
1180
1181
1182
1183
1184
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1191

1192

1193

1194

1195

1196

1197

1198

1199

1200

1201

1202

1203

1204

1205

1206

1207

1208

1209

1210

1211

1212

1213

1214

1215

1216

1217

1218

1219

1220

)
L [2

1221

1222

1223

1224

1225

(7

1226

'»

1227

1228

1229

1230

1231

y
WA
L4

1232

1233

1234

1235

y

aw
v
.

1236

1237

1238

-.

1239

1240

1241 [IEC_MDBLK

"|monitordirection blocked

1242 |[IEC_TESTMODE

1243 |GROUP1_ACTIVE

1244 |GROUP2_ACTIVE

1245 |GROUP3_ACTIVE

1246 |GROUP4_ACTM

1247 |GROUP5_ACTIM

\ [TEC6[A870-5-103 testmode

group 1 active

roup2 active

oup3 active

group4 active

group5 active

1248 |GROUPG6_AC

1249 |GROUP7_ACTIV

group6 active

group7 active

1250 [GROUP8_AGIIVE ]

group8 active

1251 |RLY_FA '

RELAY FAILURE

1252 [RLY_OP_BL

1254
55

RELAY OUTPUT BLOCK

1253 [AMF_OFF 4™ 7

SVBLOCK

h. O

256

7

1260

<Ay
8 [RELAY FAIL-A

12590 4

L 4
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1261

TRIP-H

Trip signal hold

1262

CT_ERR_UF

CT error(unfiltered)

1263

[0 ERR_UF

10 error(unfiltered)

1264

VO_ERR_UF

VO error(unfiltered)

1265

V2_ERR_UF

V2 error(unfiltered)

1266

CT ERR

CT error

1267

10_ERR

10 error

1268

VO0_ERR

VO error

1269

V2_ERR

V2 error

1270

1271

1272

1273

1274

1275

1276

50/60Hz

Frequency pulse signal

1277

1278

1279

GEN_PICKUP

General start/pick-up

1280

GEN_TRIP

General trip

1281

1282

1283

1284

BI1_COM_UF

Binaryinput signal BI1 (unfiltered

1285

Bl2_COM UF

—~

1286

BI3_COM UF

Binaryinput signal BI3 (unfiltered

1287

BI4_COM UF

)
Binaryinput signal BI2 (unfiltered)
)
)

Binaryinput signal BI4 (unfiltered

1288

BI5_COM_UF

Binary input signal BI5 (unfiltered

1289

BI6_COM_UF

1290

BI7_COM_UF

1291

BIS_COM_UF

1292

BI9_COM_UF

1293

BI10_COM UF

1294

BI11_COM_UF

Binaryinput signal BI11

1295

B[12_COM UF

Binary input signal BI12

1296

BI13_COM UF

1297

BI14_COM _UF

Binaryinput signal BI13 (U
Binary input signal BI14

1298

BI15_COM_UF

Binaryinput signal B

1299

1300

1301

1302

1303

1304

1305

1306

1307

1308

1309

1310

1311

1312

1313

1314

1315

1316

1317

1318

1319

1320

1321

1322

1323
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7331
1332
1333
1334
1335
1336
1337
1338
1339
1340
1341 L 4
1342
1343
1344 N O
1345 N af
1346
1347 -
1348 | 7
1349 v
7350
1351
1352 Nl
1353 =
1354
1355
1356 W
1357 AN
1358
1359 N~
7360 A N
1361 n
1362 -
1363
1364 -
1365
1366
1367
1368

1369
1370
1371
1372
1373
1374
1375
1376

y 3
1377 79
L)

ra

1378
1379
1380
1381 b7
1382 |
1383
1384
1385 b N
1386
1387
1388
1389 ~
1390 -
1391 va
1392 W . d
139
1394

95 [ 4
1 ~»

139

1398
1399
1400
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1401 [LOCAL_OP_ACT

local operation active

1402 [REMOTE_OP_ACT

remote operation active

7403 [NORM LED _ON

IN-SERVICE LED ON

1404 [ALM_LED_ON

ALARMLED ON

1405 [TRIP LED_ ON

TRIP LED ON

1406 |[TEST_LED_ON

TESTLED ON

1407

1408 |PRG_LED_RESET

Latched progammable LED RESET

1409 |LED_RESET

TRIP LED RESET

1410

14711 [ARC_COM ON

IEC103 communication command

1412 [TELE_COM ON

IEC103 communication command

1413 [PROT_COM_ON

[EC103 communication command

1414 [PRG_LED1_ON

PROGRAMMABLE LED1 ON

1415 |PRG_LED2_ON

PROGRAMMABLE LED2 ON

1416 |PRG_LED3_ON

PROGRAMMABLE LED3 ON

1417 [PRG_LED4_ON

PROGRAMMABLE LED4 ON

1418

1419

1420

1421

|.r’ ‘
\

1422

1423

1424

1425

1426

1427

1428

1429

1430

1431

1432

1433

1434 |F.Record_DONE

faultlocation completed

1435 |[F.Record_CLR

N
L N

Faultrecord clear

1436 |E.Record_CLR

Eventrecord clear

1437 |D.Record_CLR

Disturbance record cle

1438 [Data_Lost

Data clear by BU-RAM memory monitoring error

1439

1440

1441

1442

A
‘e

1443

1444

1445 |PLC_data_CHG

T

LCda e

1446

A
4
D 4

lata chang
.

1447

1448 [Sys.set_change

tem setting change

1449 [Rly.set_change

S Q
Rélaysetting change

1450 [Grp.set_change

1451

oup'sefting change

1452
1453
1454

N

1455

1456
1457
1458

KEY-VIEW
KEY-RESET
KEY-ENTER

N N

[VIEW key status (1:pressed)

RESET key status (2:pressed)

ENTER key status (3:pressed)

1459 |KEY-END

END key status (4:pressed)

1460 |[KEY-CANCE

CANCEL key status (5:pressed)

1461 -

1462

y 4
1463 | & ¢
1464 [0, "0/

Tagh| %

466 |
1467 | 4

68 4

4690, 4

470 4

L 4
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1471

1472 |SUM err

Program ROM checksum error

1473

1474 |SRAM err

SRAMmemory monitoring error

1475 [BU-RAM err

BU-RAMmemory monitoring error

1476

1477 |EEPROM err

EEPROM memory monitoring error

1478

1479 [AD_err

A/D accuracy checking error

1480

1481

1482

1483

1484 [DIO err

DIO card connection error

1485

1501 [Com1_fail-R

1486 [LCD_err LCD panel connection error - .
1487 [ROM data_err Data ROM checksum error y ]
1488 b
1489 |[COM DPRAMerr1 DP-RAMmemory monitoring error

1490

1491 |COM_SUM err w
1492

1493 |C SRAM err

1494 [COM_DPRAMerr2

1495 |COM_AD_err 2.

1496 [C IRQ_err Yy )

1497 |Sync1_fail ‘. .4

1498 |Sync2_fail A\ Q

1499 |Com1_fail n

1500 [Com2_fail . -y

1502 [Com2_fail-R

1503 [CLKT fail

1504 |[CLK2_fail

1505 | Term1_rdy off

1506 | Term2_rdy off

1507 [TX level1_err

1508 [TX level2_err

1509 [RX Tevel1_err

1510 [RX lewvel2_err

1511 [Td1_over

1512 [Td2_over

1513 [RYID1_err

1514 |RYID2_err

1515

1516

1517
1518
1519
1520

1521 Y N
1522

1523 .

1524

1525 w

1526 -

1527 va
1528 W W7

529

1530 |

<"

1932 4
5 e

1534

1535

(resenved)

L 4
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1536 [CB1_CONT-A CB1 contact (A-phase)
1537 [CB1_CONT-B (B-phase)
1538 |[CB1_CONT-C (C-phase)
1539
1540 [Z1X_INIT Z1X protection initiation command
1541 [EXT_VTF External VTF command
1542 |DS_N/O_CONT DS N/O contact
1543 |DS_N/C_CONT DS N/C contact
1544 |ARC_BLOCK Autoreclosing block command
1545 [CB1_READY Autoreclosing ready command of bus CB
1546 [CB2_READY Autoreclosing ready command of center CB X 4

1547 |ARC_RESET

Autoreclosing out of service command

1548 |IND.RESET

Indication reset command

1549 [M-PROT_TRIP

Duplicated Main protection trip command

1550 [M-PROT_ON

Duplicated Main protection in service command

1551

1552 [CB2_CONT-A CB2 contact (A-phase)
1553 [CB2_CONT-B (B-phase)
1554 |CB2_CONT-C (C-phase)

1555

1556 [EXT_TRIP-A

External trip comand (A-Phase)

1557 |EXT_TRIP-B

(B-phase)

1558 |EXT_TRIP-C

(C-phase)

1559

1560 [EXT_CBFIN-A

External CBF initiation command (A-Phase)

1561 |[EXT_CBFIN-B

(B-Phase)

1562 |EXT_CBFIN-C

(C-Phase)

1563

1564

1565

1566

1567

1568 |EXT_CAR.R1-1

Trip carrier from remote te

1569 |[EXT_CAR.R1-2

Guard/And carrier from re

1570 [OPEN_TERM-R1

1571 |SEVERE_CF-R1

1572

1573

1574

1575

1576

1577

1578

1579

1580

1581

1582

1583

1584 |EXT_CAR.R2-1

1585 |EXT_CAR.R2-2

d carrier from remote terminal-1

1586 |OPEN_TERM-R2

1587 [SEVERE_CF-R2

1588

1589
1590
1591
1592

> terminal-2 out of service command

1593

1594

1595

1596

1597

1598

Protection block command
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1601 |[CRT_BLOCK Carrier trip block command
1602 |DISCRT_BLOCK Carrier protection out of service command
1603 |[DEFCRT_BLOCK DEF carrier trip block command
1604 [PSBTP_BLOCK PSBTP block command
1605 |PSB_BLOCK PSB detection block command
1606
1607
1608 |OC-A_FS Fail safe command for OC-Atrip
1609 [OC-B_FS Fail safe command for OC-B trip
1610 |OC-C_FS Fail safe command for OC-C trip
1611 Yy
1612 |OCI-A_FS Fail safe command for OCI-Atrip
1613 |OCI-B_FS Fail safe command for OCI-B trip
1614 |OCI-C_FS Fail safe command for OCI-C trip L
1615 |THMA_BLOCK Thermal alarm block command a4
1616 |[Z1G_BLOCK Z1G trip block command
1617 |Z1XG_BLOCK Z1XG trip block command -
1618 [Z2G_BLOCK Z2G trip block command @A
1619 |Z3G_BLOCK Z3G trip block command l

1620 |ZR1G_BLOCK

ZR1G trip block command

1621 |ZFG_BLOCK

ZFG trip block command

1622 |STUB_BLOCK

Stub trip block command

1623 |SOTF_BLOCK

SOTF trip block command

1624 |OCH_BLOCK

OCH trip block command y N

1625 |OC_BLOCK

OC trip block command

1626 |OCI_BLOCK

OCl trip block command

1627 |EF_BLOCK EF trip block command -
1628 |EFI_BLOCK EFI trip block command w
1629 |DEF_BLOCK DEF trip block command |
1630 |[OST_BLOCK OST trip block command A

1631 [THM_BLOCK Thermal trip block command A N

1632 |Z1S_BLOCK

Z1S trip block command N N

1633 [Z1XS_BLOCK

Z1XS trip block command o

1634 [Z2S_BLOCK

Z2S trip block command T, ™0

1635 [Z3S_BLOCK

Z38S trip block command

1636 |ZR1S_BLOCK

ZR1S trip block comma =

1637 |ZFS_BLOCK

ZFS trip block command

1638 |ZR2G_BLOCK

ZR2G trip block command

1639 [ZR2S_BLOCK

ZR2S trip block command

1640 |CBF_BLOCK

CBF trip block. command |

1641 |EXTTP_BLOCK

External triptbfock commaind

1642 |VTF_BLOCK

VTF monifoeringblockcommand

1643 |VIF_ONLY ALM

VTF onlyalarm&ommand

1644 |[TR1_BLOCK

Transfer trip'#’block command

1645 |TR2_BLOCK

Transferdsip 2bleck command

1646 |ZNDG_BLOCK

ZNDGtriph ommand

1647 [ZNDS_BLOCK

ZNDS'tripblock’command

1648 [Z1S_G-BLK

Z13 block byymulti-phase ground fault command

1649 [STUB_CB

1650 |[OCHTP_ON

1651 |PSB.F_RESET
1652 |DEF_PHSEL-A

1653 |DEF_PHSEL-B | ditte

|CB close command for stub protection

|OCH tripppemmisive command

PSB forcibly reset command

|[Fault phase selection command for DEF

1654 |DEF_PHSEL-C

ditto

1655 [Z1_ARC_BLO

Auto reclosing block command by Zone1 trip

1656 [Z2G-A_FS S N
1657 [22G-B_FS

Z2G-Afail-safe command

Z2G-B fail-safe command

1658 [22G-C_FS

Z2G-C fail-safe command

1659 |ZTX F.ENABLE |

Z1Xforcibly enable command

1660 -
1661
1662 | &
1663 [ O 4
664 G-A. B[O ZFG-Ablock command
665 |ZEG-B"BLOCK ZFG-B block command
666 -C_BLOCK ZFG-C block command

67 |

664" 4
668 [ZNDG-A COM

ZNDG-A operating command

669 k DG-B_COM

ZNDG-B operating command

670 [ZNDG-C_COM

ZNDG-C operating command

L 4
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1671 |ZNDS_COM ZNDS operating command
1672 [Z2G-A BLOCK Z2G-Ablock command
1673 [Z2G-B_BLOCK Z2G-B block command
1674 [Z2G-C_BLOCK Z2G-C block command
1675
1676
1677
1678
1679
1680 |[TP-A_DELAY Trip command off-delay timer setting
1681 |TP-B_DELAY Trip command off-delay timer setting @

1682 |TP-C_DELAY

Trip command off-delay timer setting

1683 [ARC_OFF

Autoreclosing mode changing command

1684 |ARC_SPAR

ditto

1685 |[ARC_TPAR

ditto

1686 [ARC_S&T

ditto

1687 [ARC_EXT1P

ditto

1688 |ARC_EXT3P

ditto

1689

1690

1691

1692

1693

1694

1695

1696 [Z1_INST_TP

Z1 instantly trip command

1697

1698 |22 INST TP

y N
Z2 instantly trip command

1699 [Z3_INST TP

1700 [ZR1_INST_TP

) 4
Z3 instantly trip command N |
ZR1 instantly trip command A\ 9

1701 [ZF_INST TP

ZF instantly trip command

1702 [EF_INST TP

EF instantly trip command € ",

1703 [OC_INST TP

OC instantly trip command

1704

3 N

1705 |DEF_INST_TP

DEF instantly trip command ™%

1706

1707 |IDEFR_INST_TP

7

DEF instantly trip comma

1708 [ZR2_INST_TP

ZR2 instantly frip command

1709 [ZND_INST TP

ZND instantly trip command

1710

1711

1712 |Z1_3PTP

4 W
Z1 3-phase trip ggmmand

1713 [Z1X_3PTP

Z1X3-phase trip'command

1714 122_3PTP

Z2 3-phase trip.command

1715

1716 |OC_3PTP

OC 3-phasetrip command

1717 [OCI_3PTP

1718

OClI8-phase trip command
) 4

1719

1720 [CAR_3PTP

Distance’CAR 3-phase frip command

1721 |DEFCAR_3PTP

1722 |PSBTP_3PTP

1723

1724 [TR1_3PTP

DG.CAR 3-phase trip command

[PSBIP 3-phase trip command

ansfer trip 1 3-phase trip command

1725 [TR2_3PTP

Transfer trip 2 3-phase trip command

1726
1727 [3P_TRIP 3-Phase trip command
1728 |CAR-A-R1 Distance carrier command from remote term-1
1729 [CAR-B-R1 ditto
1730 [CAR-C-R ' ditto
1731 [CAR- ditto
1732 |DEFCAR-ART DEF carrier command from remote term-1
1733, | DEECAR-B:R ditto
734 |DEFCAR-C-R1 ditto
7
36 |4
3 7.
7380 4
1739
1740 [PSBCAR-A-R1 PSBTP carrier command from remote term-1
L 4
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1741 [PSBCAR-B-R1 ditto
1742 |PSBCAR-C-R1 ditto
1743
1744 |[TR1-A-R1 Transfer trip-1 command from remote term-1
1745 |TR1-B-R1 ditto
1746 |[TR1-C-R1 ditto
1747
1748 | TR2-A-R1 Transfer trip-2 command from remote term-1
1749 |TR2-B-R1 ditto
1750 [TR2-C-R1 ditto
1751 L 4
1752
1753
1754
1755
1756
1757
1758
1759
1760 [CAR-A-R2 Distance carrier command from remote term-2
1761 |CAR-B-R2 ditto
1762 [CAR-C-R2 ditto
1763 |CAR-S-R2 ditto
1764 |DEFCAR-A-R2 DEF carrier command from remote term-2
1765 |DEFCAR-B-R2 ditto
1766 [DEFCAR-C-R2 ditto
1767 -
1768 | 4
1769 N |
1770 A\ 9
1771 A N
1772 |PSBCAR-A-R2 PSBTP carrier command from.remote term-2
1773 [PSBCAR-B-R2 ditto .
1774 |PSBCAR-C-R2 ditto Y N
1775
1776 |TR1-A-R2 Transfer trip-1 commandfrom remote term-2
1777 |[TR1-B-R2 ditto
1778 |[TR1-C-R2 ditto o
1779 A
1780 [TR2-A-R2 Transfer trip-2.command fiom remote term-2
1781 [TR2-B-R2 ditto y %4
1782 |TR2-C-R2 ditto y
1783 h 4
1784
1785 h N
1786
1787 -
1788 l 4
1789
1790
1791
1792 [I0#1-TP-A1 [Binaryoutput signal of TP-A1
1793 |IO#1-TP-B1 | TP-B1
1794 [IO#1-TP-C1 TP-C1
1795 [IO#1-TP-A2 Binary output signal of TP-A2
1796 [IO#1-TP-B2 TP-B2
1797 |IO#1-TP-C2 = TP-C2
1798
1799
1800 ~
1801 y 4
1802 vVa
1803 . v
180
;7
06 (4
8074
1808YOVST INST_TP OVS1 instantly trip command
1809 |[OVS2_INST TP OVS2 instantly trip command
1810
L 4
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Signal Name
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1811

1812

OVGT INST TP

OVGT instantly trip command

1813

OVG2_INST_TP

OVG2 instantly trip command

1814

1815

1816

UVST INST TP

UVS1 instantly trip command

1817

UVS2_INST TP

UVS2 instantly trip command

1818

1819

1820

UVGT_INST_TP

UVGT instantly trip command

1821

UVG2_INST_TP

UVG2 instantly trip command

1822

1823

1824

SPR.L-REQ

Leader SPAR requirement

1825

TPR.L-REQ

Leader TPAR requirement

1826

SPR.F-REQ

Follower SPAR requirement

1827

TPR.F-REQ

Follower TPAR requirement

1828

SPR.F-ST.REQ

Follower SPAR starting requirement

1829

TPR.F-ST.REQ

Follower TPAR starting requirement

1830

1831

1832

R.F-ST.REQ

Follower AR starting requirement

1833

SPR.F2-REQ

Follower SPAR requirement

1834

TPR.F2-REQ

Follower TPAR requirement

1835

1836

1837

1838

ARC.L_TERM

Leader terminal of Autoreclosing

1839

ARC.F_TERM

Follower terminal of Autoreclosing

1840

1841

1842

1843

1844

1845

1846

1847

1848

BCD_BLOCK

BCD trip block command

1849

DEFF_BLOCK

DEFF trip block comman

1850

1851

DEFR_BLOCK

DEFR trip block comm

1852

1853

1854

1855

1856

OVS1_BLOCK

OVSH1 trip C m

1857

OVS2_BLOCK

OVS2 tri oC mman

1858

1859

1860

OVG1_BLOCK

OVG1 0 mmand

1861

OVG2_BLOCK

OVG2 trip command

1862

1863

1864

UVS1_BLOCK

UV kcommand

1865

UVS2_BLOCK

1866

2 ck command

1867

1868

UVG1_BLOCK

1869

UVG2_BLOCK

ip block command

trip block command

1870

1871

1872

1873

1874

1875

1876

1877

2040
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2041

2042

2043

2044

2045

2046

2047

2048

COM1-S

Communication on/off data send command

2049

COM2-S

ditto

2050

COM3-S

ditto

2051

COM4-S

ditto

2052

COM5-S

ditto

2053

COM6-S

ditto

2054

COM7-S

ditto

2055

COM8-S

ditto

2056

COM9-S

ditto

2057

COM10-S

ditto

2058

COM11-S

ditto

2059

COM12-S

ditto

2060

COM13-S

ditto

2061

COM14-S

ditto

2062

2063

2064

SUB_COMT1-S

Sub communication on/off data send comm

2065

SUB_COM2-S

ditto

2066

SUB_COM3-S

ditto

2067

SUB_COM4-S

ditto

2068

2069

2070

2071

2072

2073

2074

2075

2076

2077

2078

2079

2080

2081

2082

2083

2084

2085

2086

2087

2088

2089

2090

2091

2092

2093

2094

2095

2096

2097

2098

2099

2100

2101
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Signal list

No. Signal Name Contents

2581
2582
2583
2584
2585
2586
2587
2588

2610 [ALARM_LED_SET Alarm LED set

2617 & A
‘e

y 3
2620 aw

v
2622 . N

2624 |F.RECORD1 Faultgecerd stored command 1
2625 |F.RECORD2 Faultrecordystored command 2
2626 [F.RECORD3 Faultreeord stored command 3
2627 |F.RECORD4 Fault récerd stored command 4

I

2630 N

2632 [D.RECORD1 |Disturbance record stored command 1
2633 |D.RECORD2 77, “Wy|Disturbance record stored command 2
2634 [D.RECORD3 Disturbance record stored command 3
2635 [D.RECORDA Disturbance record stored command 4

-~
2639 \F )
2640,[SET.GROUPA
2644 [SET.CROUP?2
2642 |SET.GROUP3
2643 |SET.GROUP4
2644|SET.GROUP5
2645 |SET,GROUP6
2646 |SET.GROUP7
2647 |SET.GROUP8

Active setting group changed commamd (Change to group1)

0o N| O 01| | W N
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CON_TPMD1

User configrable trip mode in fault record

CON_TPMD2

ditto

CON_TPMD3

ditto

CON_TPMD4

ditto

CON_TPMD5

ditto

CON_TPMD6

ditto

CON_TPMD7

ditto

CON_TPMD8

ditto

ARC_COM RECV

TELE_COM RECV

PROT_COM RECV

TPLED_RST_RCV
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2791

2792

2793

2794

2795

2796

2797

2798

2799

2800

2801

2802

2803

2804

TEMPOO1

TEMP002

TEMPO03

TEMPO004

TEMPO05

TEMPO06

TEMPOO7

TEMPO08

TEMPO09

TEMPO10

TEMPO11

TEMPO12

TEMPO13

TEMPO14

TEMPO15

TEMPO16

TEMPO17

TEMPO18

TEMP019

TEMP020

TEMP021

TEMP022

TEMP023

TEMP024

TEMP025

TEMP026

TEMP027

TEMP028
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TEMP046

TEMPO047

TEMP048

TEMP049

TEMP050

TEMPO51

TEMP052

TEMPO053

TEMPO054

TEMPO055

TEMPO056

TEMPO57

TEMPO058

TEMPO059

TEMPO60

TEMPO61

TEMP062

TEMP063

TEMPO064

TEMPO065

TEMPO066

TEMPO67

TEMPO068

TEMPO69

TEMPO70

TEMPO71

TEMPO72
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Signal Name
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2931

TEMP116

2932

TEMP117

2933

TEMP118

2934

TEMP119

2935

TEMP120

2936

TEMP121

2937

TEMP122

2938

TEMP123

2939

TEMP124

2940

TEMP125

2941

TEMP126

TEMP127

TEMP128

TEMP129

TEMP130

TEMP131

TEMP132

TEMP133

TEMP134

TEMP135

TEMP136

TEMP137

TEMP138

TEMP139

TEMP140

TEMP141

TEMP142

TEMP143

TEMP144

TEMP145

TEMP146

TEMP147

TEMP148

TEMP149

TEMP150

TEMP151

TEMP152

TEMP153

TEMP154

TEMP155

TEMP156

TEMP157

TEMP158

TEMP159

TEMP160

TEMP161

TEMP162

TEMP163

TEMP164

TEMP165

TEMP166 N N

TEMP167

TEMP168

TEMP169

TEMP170

TEMP 1%

EMP1724 |

=VP 1784

I TEMPA74

TEMP

MP1Z6

[TEMRI77

TEMP178

EMP179

TEMP180

TEMP181

TEMP182

TEMP183

TEMP184

TEMP185
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TEMP186

TEMP187

TEMP188

TEMP189

TEMP190

TEMP191

TEMP192

TEMP193

TEMP194

TEMP195

TEMP196

TEMP197

TEMP198

TEMP199

TEMP200

TEMP201

TEMP202

D
[

TEMP203

TEMP204

TEMP205

TEMP206

TEMP207

TEMP208

TEMP209

TEMP210

TEMP211

TEMP212

TEMP213

TEMP214

TEMP215

TEMP216

TEMP217

TEMP218

TEMP219

TEMP220

TEMP221

TEMP222

TEMP223

TEMP224

TEMP225

TEMP226

TEMP227

TEMP228

TEMP229

TEMP230

TEMP231

TEMP232

TEMP233

TEMP234

TEMP235
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Variable Timer List

Timer Timer No. | Contents Timer Timer No. | Contents

TZ1GA 1 Z1G TRIP TIMER T3PLL 61 THREE PHASE LIVE LINE TIMER
TZ1GB 2 ditto TDER 62 DEFR BACK-UP TRIP TIMER
TZ1GC 3 ditto TOS1 63 OVS1 BACK-UP TRIP TIMER
122G 4 Z2G TRIP TIMER TOS2 64 OVS2 BACK-UP TRIP TIMER
TZ3G 5 Z3G TRIP TIMER TOG1 65 OVG1 BACK-UP TRIP TIMER
TZ1S 6 Z1S TRIP TIMER TOG2 66 OVG2 BACK-UP TRIP TIMER
TZ2S 7 72S TRIP TIMER TUS1 67 UVS1 BACK-UP TRIP TINIER
TZ3S 8 Z3S TRIP TIMER TUS2 68 UVS2 BACK-UR TRIP TIMER
TEF 9 EF BACK-UP TRIP TIMER TUGH1 69 UVG1 BACK-URSTRIP TIMER
TDEF 10 DEFF BACK-UP TRIP TIMER TUG2 70 UVG2 BACK-UP TRIP TIMER
TZR1S 11 ZR1S BACK-UP TRIP TIMER TBCD 71 BCD TRIP TIMER

TZR1G 12 ZR1G BACK-UP TRIP TIMER

TBF1A 13 CBF DETECTION TIMER 1

TBF1B 14 ditto

TBF1C 15 ditto

TBF2A 16 CBF DETECTION TIMER 2

TBF2B 17 ditto

TBF2C 18 ditto

TOST1 19 OUT-OF-STEP DET. TIMER

TOST2 20 ditto

TDEFF 21 DEF CARRIER TRIP DELAY TIMER

TDEFR 22 CARR.COORDINATION DEFR TIMER

TCHD 23 CARRIER COORDINATION TIMER

TEVLV 26 EVOLVING FAULT WAITING TIMER

TRDY1 27 RECLAIM TIMER

TSPR1 28 SPAR DEAD LINE TIMER

TTPR1 29 TPAR DEAD LINE TIMER

TRR1 30 RESET TIMER

TWA1 31 RECLOSING O/P FOR BUS CB

TRDY2 32 FLW RECLAIM TIMER

TSPR2 33 FLW SPAR DEAD LINE TIMER

TTPR2 34 FLW TPAR DEAD LINE TIMER

TRR2 35 FLW RESET TIMER

TW2 36 RECLOSING O/P FOR CENTER@B

TSYN1 37 LEAD SYN CHECK TIMER

TSYN2 38 FLW SYN CHECK TIMER

TDBL1 39 VOLTAGE CHECK TIMER

TDBL2 40 ditto

TLBD1 41 ditto

TLBD2 42 ditto

TS2 43 MULTI. SHOF DEAD TIMER

TS3 44 ditto

TS4 45 ditto

TS2R 46 MULTI.SHOT' RESET TIMER

TS3R 47 ditto

TS4R 48 ditto

TOC 49 OCBACK-UP TRIP TIMER

TPSB 50 PSB DETECTION TIMER

TSOTF 51 SOTF CHECK TIMER

TZFG 52 ZFG TRIP TIMER

TZFS 53 ZFS TRIP TIMER

TZR2G 54 ZR2G BACK-UP TRIP TIMER

TZR2S 55 ZR2S BACK-UP TRIP TIMER

TZNDG 56 ZNDG BACK-UP TRIP TIMER

TZNDS 57 ZNDS BACK-UP TRIP TIMER

TREBK 58 CURRENT REVERSAL BLOCKING TIME

TECCB 59 ECHO ENABLE TIME FROM CB OPENED

TSBCT 60 SBCNT TIME
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Binary Input Default Setting List

Model
No 2TERM 3TERM 2TERM 3TERM 2TERM 3TERM
214 | 216 224 | 226 211 221 311 321 | 323
BI1 CB1-A
BI2 CB1-B
BI3 CB1-C
BK4 TTR1(Transfer trip 1)
BI5 TTR2(Transfer trip 2) | (SPARE)
BI6 EXT VTF
BI7 DS N/O CONT
BI8 DS N/C CONT
B9 CRT BLOCK (Carrier protection block)
BI10 IND.RESET CB1 READY
BI11 PROT BLCOK SPARE | CB2 READY
BI12 ZAX INIT REC BLOCK
BI13 -- IND.RESET
Bl14 - M-prot Trip
BI15 - M-prot On
BI16 EXT TRIP-A
BI17 EXT TRIP-B
BI18 EXT TRIP-C
BI19 OCI BLOCK - CB2-A
BI20 EFIBLOCK -- CB2-B
BI21 OC BLOCK - CB2-C
BI22 DEF BLOCK --
BI23 EXTTP BLOCK --
Bl24 STUB BLOCK --
BI25 SOTF BLOCK --
BI26 -- ARC BLOCK -- ARC BLOCK --
BI27 -- CB1 READY -- CB1 READY --
BI28 -- CBF BLOCK -- CBF BLOCK --
BI34 -- (SPARE) -- (SPARE) -- (SPARE)
BI35 -- (SPARE) -- (SPARE) -- (SPARE)
BI36 -- (SPARE) -- (SPARE) -- (SPARE)
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Binary Output Default Setting List
Relay Module | BO No. | Terminal Signal Name Contents Setting
Model Name No. Signal No. LOGIC TIMER
(OR:1, AND:2) |(OEE:0, ON:1)
TB3:
GRZ100 10#2 |BO1 A2-A1 TRIP-A1 Trip A phase 240 1 1
-211 BO2 A2-B1 TRIP-B1 Trip B phase 241 1 1
BO3 A2-B2 TRIP-C1 Trip C phase 242 1 1
BO4 A3-B3 CAR/Z1G/Z1S_TRIP Carrier/Z1G/Z18 trip 231, 148, 160 1 1
BO5 A4-B4 Z2G/Z3G/ZR1G/Z2S/Z3S/|22G/Z3G/ZR1G/Z2S/Z3S/ZR1S_| 153, 156, 192, 162, 1 1
ZR1S_TRIP trip 165,189
BO6 A5-B5 EF_BU-TRIP EF or DEF Back-up trip 187 1 1
BO7 A6-B6 SOTF_TRIP/STUB_TRIP |SOTF/STUB trip 183, 182 1 1
BO8 A7-B7 BURECLK BU Reclose block 195 1 1
BO9 A8-B8 CBF_TRIP Related CB trip 200, 1 1
BO10 A9-B9 ARC1 Reclose output 291 1 0
BO11 A10-B10 [VTF_ALARM/CHF VTF alarm/Carrier channel failure 172, 253 1 1
BO12 A11-B11 |CBF_DET CBF detection 199 1 1
BO13  |A13-B13 [EXT_CAR-S External carrier send command 225 1 0
(FAIL) A12-B12 |RELAY FAILURE - -- - --
TB2:
I0#3 |BO1 A1-B1 TRIP-A1 Trip A phase 240 1 1
BO2 A2-B2 TRIP-B1 Trip B phase 241 1 1
BO3 A3-B3 TRIP-C1 Trip C phase 242 1 1
BO4 A4-B4 TRIP-A1 Trip A phase 240 1 1
BO5 A5-B5 TRIP-B1 Trip B phase 241 1 1
BO6 A6-B6 TRIP-C1 Trip C phase 242 1 1
BO7 A7-B7 TRIP-A1 Trip A phase 240 1 1
BO8 A8-B8 TRIP-B1 Trip B phase 241 1 1
BO9 A9-B9 TRIP-C1 Trip C phasé 242 1 1
BO10 A10-B10 [COMM1_FAIL Remote term.1 comm:fail alarm 900 1 1
TB3:
GRZ100 10#2 |BO1 A2-A1 Z1G_TRIP/Z1S_TRIP Z1GATRIPIZ1S TRIP 148, 160 1 1
-214 BO2 A2-B1 Z2G_TRIP/Z2S_TRIP Z2G TRIP/Z28 TRIP 153, 162 1 1
BO3 A2-B2 Z3G_TRIP/Z3S_TRIP Z3G TRIP/Z3S TRIP 156, 165 1 1
BO4 A3-B3 TRIP-OR TRIP O/P OR 238 1 1
BO5 A4-B4 BU_TRIP BACK-UP TRIP 194 1 1
BO6 A5-B5 TRIP-OR TRIP O/P OR 238 1 1
BO7 A6-B6 Z2GOR/Z2SOR Z2G/Z2S Relay OR LOGIC 154, 163 1 1
BO8 A7-B7 VTF_ALARM VTF ALARM 172 1 1
BO9 A8-B8 EF_TRIP EF BACK-UP TRIP 678 1 1
BO10 A9-B9 STUB_TRIR. STUB TRIP 182 1 1
BO11 A10-B10 |SOTF_TRIP SOTF TRIP 183 1 1
BO12 A11-B11  |COMM1_FAIL Remote term.1 comm.fail alarm 900 1 1
BO13 A13-B13 |TR1.TRIP, TR2_TRIP, |TRANSFER TRIP-1/-2, INTER 832, 840, 836, 844 1 1
_____________ INTER TRIR1/2  |TRIP-1/-2
(FAIL) A12-B123 RELAY FAILURE - -- - -
TB2:
10#3 |BO1 A1-B1 TRIPSOR TRIP O/P OR 238 1 1
BO2 A2-B2 Z2GOR/Z3GOR/Z2SOR/Z|Z2G/Z23G/Z2S/Z3S Relay OR 154, 157, 163, 166 1
3SOR LOGIC
BO3 A3-B3 OCI_TRIP IDMT OC Back-up trip 327 1 1
BO4 A4B4 EFI_TRIP EF IDMT trip 184 1 1
BO5 A5-B5 OC_TRIP OC Back-up trip 326 1 1
BO6 A6-B6 DEF_TRIP DEF Back-up trip 677 1 1
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Relay Module [ BO No. | Terminal No. Signal Name Contents Setting
Model Name Signal No. LOGIC TIMER
(OR:1, AND:2) |(OFF:0, ONyl)
TB2
GRZ100 10#2 |BO1 A2-A1 Z1G_TRIP/Z1S_TRIP [Z1G TRIP/Z1S TRIP 148, 160 1 1
-216 BO2 A2-B1 Z2G_TRIP/Z2S_TRIP |Z2G TRIP/Z2S TRIP 153, 162 1 1
BO3 A2-B2 Z3G_TRIP/Z3S_TRIP |Z3G TRIP/Z3S TRIP 156, 165 1 1
BO4 A3-B3 TRIP-OR TRIP O/P OR 238 1 1
BO5 A4-B4 BU_TRIP BACK-UP TRIP 194 1 1
BO6 A5-B5 TRIP-OR TRIP O/P OR 238 1 1
BO7 A6-B6 Z2GOR/Z2SOR Z2G/Z2S Relay OR LOGIC 154, 163 1 1
BO8 A7-B7 VTF_ALARM VTF ALARM 172 1 1
BO9 A8-B8 EF_TRIP EF BACK-UP TRIP 678 1 1
BO10 A9-B9 STUB_TRIP STUB TRIP 182 1 1
BO11 A10-B10 SOTF_TRIP SOTF TRIP 183 1 1
BO12 A11-B11 COMM1_FAIL Remote term.1 comm.fail alarm 900 1 1
BO13 A13-B13 TR1_TRIP, TR2_TRIP, |TRANSFER TRIP-1/-2, INTER 832, 840, 836,844 1 1
| __L______|INTER_TRIP12 — [TRIP-1/-2
(FAIL) A12-B12 RELAY FAILURE - - - -
TB5
10#3 |BO1 A1-B1 TRIP-OR TRIP O/P OR 238 1 1
BO2 A2-B2 Z2GOR/Z3GOR/Z2SO |Z2G/Z3G/Z2S/Z3S Relay OR 1549157, 163, 166 1
R/Z3SOR LOGIC
BO3 A3-B3 OCI_TRIP IDMT OC Back-up trip 327 1 1
BO4 A4-B4 EFI_TRIP EF IDMT trip 184 1 1
BO5 A5-B5 OC_TRIP OC Back-up trip 326 1 1
BO6 A6-B6 DEF_TRIP DEF Back-up trip 677 1 1
BO7 A7-B7 ARC1 Reclose output 291 1 0
BO8 A8-B8 ARC1 Reclose outpdt 291 1 0
BO9 A9-B9 BU_TRIP Back-up trip 194 1 1
BO10 A10-B10 IN-PROG1 Lead recloseiin progress 285 1 0
TB3:
10#4 |BO1 A2-A1 CBF_RETRIP-A Retrip A-phase 196 1 1
BO2 A2-B1 CBF_RETRIP-B RetripsBzphase: 197 1 1
BO3 A2-B2 CBF_RETRIP-C Retfip Céphase 198 1 1
BO4 A3-B3 CBF_TRIP Related CBftrip 200 1 1
BO5 A4-B4 CBF_TRIP Related"CB trip 200 1 1
BO6 A5-B5 CBF_DET CBF detection 199 1 1
BO7 A6-B6 TRIP-A1 Trip A phase 240 1 1
BO8 A7-B7 TRIP-B1 Trip B phase 241 1 1
BO9 A8-B8 TRIP-C1 Trip C phase 242 1 1
BO10 A9-B9 TRIP-OR TRIP O/P OR 238 1 1
BO11 A10-B10 TRIP-A1 Trip A phase 240 1 1
BO12 A11-B11 TRIP-B4 Trip B phase 241 1 1
BO13 A12-B12 IRIP-C1 Trip C phase 242 1 1
BO14 A13-B13 TRIR;OR TRIP O/P OR 238 1 1
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Relay Module | BO No. | Terminal Signal Name Contents Setting
Model Name No. Signal No. LOGIC TIMER
(OR:1, AND:2) |(OFF:0, ONyl)
TB3:
GRZ100 10#2 |BO1 A2-A1 TRIP-A1/TRIP-A2 Trip A phase 240, 243 1 1
-311 BO2 A2-B1 TRIP-B1/TRIP-B2 Trip B phase 241, 244 1 1
BO3 A2-B2 TRIP-C1/TRIP-C2 Trip C phase 242, 245 1 1
BO4 A3-B3 CAR/Z1G/Z1S_TRIP Carrier/Z1G/Z18 trip 231, 148, 160 1 1
BO5 A4-B4 Z2G/Z3G/ZR1G/Z2S/Z3S/|22G/Z3G/ZR1G/Z2S/Z3S/ZR1S_| 153, 156, 192, 162, 1 1
ZR1S_TRIP trip 165,189
BO6 A5-B5 EF_BU-TRIP EF or DEF Back-up trip 187 1 1
BO7 A6-B6 SOTF_TRIP/STUB_TRIP |SOTF/STUB trip 183, 182 1 1
BO8 A7-B7 BURECLK BU Reclose block 195 1 1
BO9 A8-B8 CBF_TRIP Related CB trip 200 1 1
BO10 A9-B9 ARC1 Reclose output (Bus CB) 291 1 0
BO11 A10-B10 |ARC2 Reclose output (Center CB) 292 1 0
BO12 A11-B11  [VTF_ALARM/CHF VTF alarm/Carrier channel failure 172, 253 1 1
BO13  [A13-B13 |EXT_CARS External carrier send command 2289 1 0
(FAIL) A12-B12 |RELAY FAILURE - o - -
TB2:
I0#3 |BO1 A1-B1 TRIP-A1/TRIP-A2 Trip A phase 240, 243 1 1
BO2 A2-B2 TRIP-B1/TRIP-B2 Trip B phase 241,244 1 1
BO3 A3-B3 TRIP-C1/TRIP-C2 Trip C phase 242, 245 1 1
BO4 A4-B4 TRIP-A1/TRIP-A2 Trip A phase 240, 243 1 1
BO5 A5-B5 TRIP-B1/TRIP-B2 Trip B phase 241, 244 1 1
BO6 A6-B6 TRIP-C1/TRIP-C2 Trip C phase 242, 245 1 1
BO7 A7-B7 TRIP-A1/TRIP-A2 Trip A phase 240, 243 1 1
BO8 A8-B8 TRIP-B1/TRIP-B2 Trip B phase 241, 244 1 1
BO9 A9-B9 TRIP-C1/TRIP-C2 Trip C phase: 242, 245 1 1
BO10 A10-B10 |COMM1_FAIL Remote term.1 comm.fail‘alarm 900 1 1
TB3:
GRZ100 10#2 |BO1 A2-A1 TRIP-A1 Trip A phage 240 1 1
-221 BO2 A2-B1 TRIP-B1 Trip B phase 241 1 1
BO3 A2-B2 TRIP-C1 Trip Cephase 242 1 1
BO4 A3-B3 CAR/Z1G/Z1S_TRIP Carfier/Z1GIZ1S trip 231, 148, 160 1 1
BO5 A4-B4 Z2G/Z3G/ZR1G/Z2S/Z38I§22GIZ3G/ZR1G/Z2S/Z3S/ZR1S_| 153, 156, 192, 162, 1 1
ZR1S_TRIP thip 165,189
BO6 A5-B5 EF_BU-TRIP EF or DEF Back-up trip 187 1 1
BO7 A6-B6 SOTF_TRIP/STUB_TRIR(|SOTF/STUB trip 183, 182 1 1
BO8 A7-B7 BURECLK BU Reclose block 195 1 1
BO9 A8-B8 CBF_TRIP Related CB trip 200 1 1
BO10 A9-B9 ARCA1 Reclose output 291 1 0
BO11 A10-B10 |VTF_ALARM/CHE VTF alarm/Carrier channel failure 172, 253 1 1
BO12 A11-B11 |CBF_DET, CBF detection 199 1 1
|BO13 _ |A13-B13_ |[EXT CAR-S T External carrier send command 225 1 0
(FAIL) A12-B12 |RELAX, FAIRURE - -- - -
TB2:
I0#3 |BO1 A1-B1 TRIP-A1 Trip A phase 240 1 1
BO2 A2-B2 TRIP-B1 Trip B phase 241 1 1
BO3 A3-B3 TRIR-GA Trip C phase 242 1 1
BO4 A4-B4 TRIP-A1 Trip A phase 240 1 1
BO5 A5-B5 TRIP-B1 Trip B phase 241 1 1
BO6 A6-B6 TRIP-C1 Trip C phase 242 1 1
BO7 A7-B7 TRIP-A1 Trip A phase 240 1 1
BO8 A8-B8 TRIP-B1 Trip B phase 241 1 1
BO9 A9-B9 TRIP-C1 Trip C phase 242 1 1
BO10 A10-B10 [COMM1/COMM2_FAIL |Remote term.1/2 comm.fail alarm 900, 916 1 1
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Relay Module | BO No. | Terminal Signal Name Contents Setting
Model Name No. Signal No. LOGIC TIMER
(OR:1, AND:2) |(OFF:0, ONyl)
TB3:
GRZ100 10#2 |BO1 A2-A1 Z1G_TRIP/Z1S_TRIP Z1G TRIP/Z1S TRIP 148, 160 1 1
-224 BO2 A2-B1 Z2G_TRIP/Z2S_TRIP Z2G TRIP/Z2S TRIP 153, 162 1 1
BO3 A2-B2 Z3G_TRIP/Z3S_TRIP Z3G TRIP/Z3S TRIP 156, 165 1 1
BO4 A3-B3 TRIP-OR TRIP O/P OR 238 1 1
BO5 A4-B4 BU_TRIP BACK-UP TRIP 194 1 1
BO6 A5-B5 TRIP-OR TRIP O/P OR 238 1 1
BO7 A6-B6 Z2GOR/Z2SOR Z2G/Z2S Relay OR LOGIC 154, 163 1 1
BO8 A7-B7 VTF_ALARM VTF ALARM 172 1 1
BO9 A8-B8 EF_TRIP EF BACK-UP TRIP 678 1 1
BO10 A9-B9 STUB_TRIP STUB TRIP 182 1 1
BO11 A10-B10 |SOTF_TRIP SOTF TRIP 183 1 1
BO12 A11-B11  |COMM1/COMM2_FAIL Remote term.1/2 comm.fail alarm 900, 916 1 1
BO13 A13-B13 |TR1_TRIP, TR2_TRIP, |TRANSFER TRIP-1/-2, INTER 832, 840, 836,844 1 1
| INTERTRIPI2 TRIP-1/-2
(FAIL) A12-B12 |RELAY FAILURE - o - -
TB2:
I0#3 |BO1 A1-B1 TRIP-OR TRIP O/P OR 238, 1 1
BO2 A2-B2 Z2GOR/Z3GOR/Z2S0OR/Z|22G/Z3G/Z2S/Z3S Relay OR 154,157,163, 166 1 1
3SOR LOGIC
BO3 A3-B3 OCI_TRIP IDMT OC Back-up trip 327 1 1
BO4 A4-B4 EFI_TRIP EF IDMT trip 184 1 1
BO5 A5-B5 OC_TRIP OC Back-up trip 326 1 1
BO6 A6-B6 DEF_TRIP DEF Back-up trip 677 1 1
TB2:
GRZ100 10#2 |BO1 A2-A1 Z1G_TRIP/Z1S_TRIP Z1G TRIP/Z1S TRIR 148, 160 1 1
-226 BO2 A2-B1 Z2G_TRIP/Z2S_TRIP Z2G TRIP/Z2S TRIP 153, 162 1 1
BO3 A2-B2 Z3G_TRIP/Z3S_TRIP Z3G TRIP/Z3S,TRIP 156, 165 1 1
BO4 A3-B3 TRIP-OR TRIP O/P OR 238 1 1
BO5 A4-B4 BU_TRIP BACK-UPTIRIP 194 1 1
BO6 A5-B5 TRIP-OR TRIP@IR,OR 238 1 1
BO7 A6-B6 Z2GOR/Z2SOR Z2G[Z23 Relay OR LOGIC 154, 163 1 1
BO8 A7-B7 VTF_ALARM VTFALARM 172 1 1
BO9 A8-B8 EF_TRIP EF BACKEUP TRIP 678 1 1
BO10 A9-B9 STUB_TRIP STUB TRIP 182 1 1
BO11 A10-B10 |SOTF_TRIP SOTF TRIP 183 1 1
BO12 A11-B11  |COMM1/COMM2_FAIL, Remote term.1/2 comm.fail alarm 900, 916 1 1
BO13 A13-B13 |TR1_TRIP, TR24RIP, “9 TRANSFER TRIP-1/-2, INTER 832, 840, 836, 844 1 1
_____________ INTER_TRIP1/2" oy, |TRIP-1/-2
(FAIL) A12-B12 |RELAY FAILURE - -- - -
TB5
10#3 |BO1 A1-B1 TRIP-OR TRIP O/P OR 238 1 1
BO2 A2-B2 Z2GQR/Z3GORIZ2SOR/Z|22G/Z3G/Z2S/Z3S Relay OR 154, 157, 163, 166 1
3S@R LOGIC
BO3 A3-B3 OCILTRIP IDMT OC Back-up trip 327 1 1
BO4 A4-B4 EFI_TRIP EF IDMT trip 184 1 1
BO5 A5-B5 OCLTRIP OC Back-up trip 326 1 1
BO6 A6-B6! DEF_TRIP DEF Back-up trip 677 1 1
BO7 A7-B7 ARC1 Reclose output 291 1 0
BO8 A8-B8 ARC1 Reclose output 291 1 0
BO9 A9-B9 BU_TRIP Back-up trip 194 1 1
BO10 A10-B10° |IN-PROGH1 Lead reclose in progress 285 1 0
1B3:
10#441BO1 A2-A1 CBF_RETRIP-A Retrip A-phase 196 1 1
BQO2 A2-B1 CBF_RETRIP-B Retrip B-phase 197 1 1
BO3 A2-B2 CBF_RETRIP-C Retrip C-phase 198 1 1
BO4 A3-B3 CBF_TRIP Related CB trip 200 1 1
BO5 A4-B4 CBF_TRIP Related CB trip 200 1 1
BO6 A5-B5 CBF_DET CBF detection 199 1 1
BO7 A6-B6 TRIP-A1 Trip A phase 240 1 1
BO8 A7-B7 TRIP-B1 Trip B phase 241 1 1
BO9 A8-B8 TRIP-C1 Trip C phase 242 1 1
BO10 A9-B9 TRIP-OR TRIP O/P OR 238 1 1
BO11 A10-B10 [TRIP-A1 Trip A phase 240 1 1
BO12 A11-B11  |TRIP-B1 Trip B phase 241 1 1
BO13 A12-B12 |TRIP-C1 Trip C phase 242 1 1
BO14 A13-B13 |TRIP-OR TRIP O/P OR 238 1 1

— 330 —




TOSHIBA 6F2S0834
Relay Module | BO No. | Terminal Signal Name Contents Setting
Model | Name No. Signal No. LOGIC Tl
(OR:1, AND:2) |(OFF:0,
TB3:

GRZ100 10#2 |BO1 A2-A1 TRIP-A1/TRIP-A2 Trip A phase 240, 243 1

-321 BO2 A2-B1 TRIP-B1/TRIP-B2 Trip B phase 241, 244 1
BO3 A2-B2 TRIP-C1/TRIP-C2 Trip C phase 242, 245 1 1
BO4 A3-B3 CAR/Z1G/Z1S_TRIP Carrier/Z1G/Z18 trip 231, 148, 160 1 1
BO5 A4-B4 Z2G/Z3G/ZR1G/Z2S/Z3S/|22G/Z3G/ZR1G/Z2S/Z3S/ZR1S_| 153, 156, 192, 162, 1 1

ZR1S_TRIP trip 165,189
BO6 A5-B5 EF_BU-TRIP EF or DEF Back-up trip 187 1 S 1
BO7 A6-B6 SOTF_TRIP/STUB_TRIP |SOTF/STUB trip 183, 182 1 1
BO8 A7-B7 BURECLK BU Reclose block 195 1
BO9 A8-B8 CBF_TRIP Related CB trip 200 1
BO10 A9-B9 ARC1 Reclose output (Bus CB) 291 1 0
BO11 A10-B10 |ARC2 Reclose output (Center CB) 292 1 0
BO12 A11-B11  |VTF_ALARM/CHF VTF alarm/Carrier channel failure 172, 1 1
BO13  [A13-B13 |EXT_CARS External carrier send command 2 1 0
(FAIL) A12-B12 [RELAY FAILURE - - -
TB2:

10#3 |BO1 A1-B1 TRIP-A1/TRIP-A2 Trip A phase 1 1
BO2 A2-B2 TRIP-B1/TRIP-B2 Trip B phase 41,244 1 1
BO3 A3-B3 TRIP-C1/TRIP-C2 Trip C phase , 245 1 1
BO4 A4-B4 TRIP-A1/TRIP-A2 Trip A phase 240, 243 1 1
BO5 A5-B5 TRIP-B1/TRIP-B2 Trip B phase 241, 244 1 1
BO6 A6-B6 TRIP-C1/TRIP-C2 Trip C phase 242, 245 1 1
BO7 A7-B7 TRIP-A1/TRIP-A2 Trip A phase 240, 243 1 1
BO8 A8-B8 TRIP-B1/TRIP-B2 Trip B phase 241, 244 1 1
BO9 A9-B9 TRIP-C1/TRIP-C2 Trip C phas 242, 245 1 1
BO10 A10-B10 |COMM1/COMM2_FAIL |Remote term.1 900, 916 1 1
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Relay Module | BO No. | Terminal Signal Name Contents Setting
Model Name No. Signal No. LOGIC TIMER
(OR:1, AND:2) |(OFF:0, ONyl)
TB2:
GRZ100 10#2 |BO1 A2-A1 TRIP-A1/TRIP-A2 Trip A phase 240, 243 1 1
-323 BO2 A2-B1 TRIP-B1/TRIP-B2 Trip B phase 241, 244 1 1
BO3 A2-B2 TRIP-C1/TRIP-C2 Trip C phase 242, 245 1 1
BO4 A3-B3 CAR/Z1G/Z1S_TRIP Carrier/Z1G/Z18 trip 231, 148, 160 1 1
BO5 A4-B4 Z2G/Z3G/ZR1G/Z2S/Z3S/|22G/Z3G/ZR1G/Z2S/Z3S/ZR1S_| 153, 156, 192, 162, 1 1
ZR1S_TRIP trip 165,189
BO6 A5-B5 EF_BU-TRIP EF or DEF Back-up trip 187 1 1
BO7 A6-B6 SOTF_TRIP/STUB_TRIP |SOTF/STUB trip 183, 182 1 1
BO8 A7-B7 BURECLK BU Reclose block 195 1 1
BO9 A8-B8 CBF_TRIP Related CB trip 200 1 1
BO10 A9-B9 ARC1 Reclose output (Bus CB) 291 1 0
BO11 A10-B10 |ARC2 Reclose output (Center CB) 292 1 0
BO12 A11-B11  [VTF_ALARM/CHF VTF alarm/Carrier channel failure 172, 253 1 1
|IBO13  |A13-B13_ |[EXT_CAR-S External carrier send command 2285 1 0
(FAIL) A12-B12 |RELAY FAILURE - o - -
TB5
10#3 |BO1 A2-A1 TRIP-A1 Trip A phase 240, 1 1
BO2 A2-B1 TRIP-B1 Trip B phase 241 1 1
BO3 A2-B2 TRIP-C1 Trip C phase 242 1 1
BO4 A3-B3 TRIP-A1 Trip A phase 240 1 1
BO5 A4-B4 TRIP-B1 Trip B phase 241 1 1
BO6 A5-B5 TRIP-C1 Trip C phase 242 1 1
BO7 A6-B6 TRIP-A1 Trip A phase 243 1 1
BO8 A7-B7 TRIP-B1 Trip B phase 244 1 1
BO9 A8-B8 TRIP-C1 Trip C phase 245 1 1
BO10 A9-B9 TRIP-A1 Trip A phase 243 1 1
BO11 A10-B10 |TRIP-B1 Trip B phase 244 1 1
BO12 A11-B11  |TRIP-C1 Trip C phage 245 1 1
BO13 A12-B12 |TRIP-OR TRIP O/PIOR 238 1 1
BO14 A13-B13 |COMM1/COMM2_FAIL [Remotegterm:1/2 comm.fail alarm 900, 916 1 1
TB3:
10#4 |BO1 A2-A1 Z1G_TRIP Z1G trip 148 1 1
BO2 A2-B1 Z2G_TRIP Z2G trip 153 1 1
BO3 A2-B2 Z3G_TRIP Z3G trip 156 1 1
BO4 A3-B3 Z1S_TRIP Z18 trip 160 1 1
BO5 A4-B4 Z2S_TRIP Z2S trip 162 1 1
BO6 A5-B5 Z3S_TRIP Z3S trip 165 1 1
BO7 A6-B6 STUB_TRIP STUB trip 182 1 1
BO8 A7-B7 SOTF_TRIP SOTF trip 183 1 1
BO9 A8-B8 EF_BU-TRIP EF or DEF Back-up trip 187 1 1
BO10 A9-B9 ZRAG_TRIP ZRA1G trip 192 1 1
BO11 A10-B10 |ZR1SQIRIP ZRA18S trip 189 1 1
BO12 A11-B11 |CBF_DET: CBF detection 199 1 1
BO13 A12-B12, |DEFER/WICAR_TRIP DG carrier trip / Weak carrier trip 232, 233 1 1
BO14 A13-B13 /|ARC1/ARC2 Reclose output 291, 292 1 1
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6F2S0834

MENU
1=Record 2=Status
3=Setting (view) 4=Setting (change)
5=Test
/1 Record
1=Fault record 2=Event record
| |3=Disturbance record 4=Automatic test
5=Autoreclose count
/2 Fault record /3 Fault record 2/8 /4 Fault record #2 3/33
1=Display 2=Clear #1 16/0ct/1998 23:18:03.913 16/0ct/1998 23:18:03.913
| #2 12/Feb/1998 03:51:37.622 Phase BC Trip  ABC/ABC .
#3 30/Jan/1997 15:06:11.835 H 71,CRT
/2 Fault record
Clear all fault records?
ENTER=Yes CANCEL=No 2
/2 Event record /3 Event record 2/48
1=Display 2=Clear 16/0ct/1998 23:18:04.294 Trip Off
B 16/0ct/1998 23:18:03.913 Trip On
12/Feb/1998 03:51:37.622 Rly.set change
/2 Event record
Clear all event records ?
ENTER=Yes CANCEL=No
/2 Disturbance record /3 Disturbance record 1/ 1
1=Display 2=Clear #1  16/0ct/1998 23:18:0
] #2 12/Feb/1998 03:51:8%.6
/2 Disturbance feco.
Clear al i al rds ?
~No
/2 Rutomatic test channel test /4 Telecomm channel test
1=Telecomm channel test nt & interval Test count: 11
| Test interval: 12 hours
/3 Telecomm channel test
Reset count ?
ENTER=Yes CANCEL=No
/3 Butoreclose count
1=Display 2=Reset SPAR TPAR
— CB1 [ 46] [ 46]
/3 Reset autoreclose count /3 Reset autoreclose count
1=CB1 Reset count ?
ENTER=Yes CANCEL=No
a-1

334 —



TOSHIBA 6F2S0834

a-1

/1 Status /2 Metering  12/Feb/1998 22:56 3/34
1=Metering 2=Binary 1/0 Va Rrk KKV KR* ok Tg kK KKK kak K
| |3=Relay element 4=Time sync source (TR VAR L S § H L ) V- W
5=Clock adjustment 6=Direction Vo *FK KRV KK K To KK FRRA KRR K
/2 Binary input & output 3/ 8

Input (IO#1) [000 000 000 000 ]

| Input (IO#2) [000 1

Input (IO#3) [000 000 000 O ]
/2 Relay element 3/ 12

G [000 000 000 000 000]

I |2G2 [000 000 000 000 ]
zs [000 000 000 000 000]

/2 Time synchronization source 3/ 4
*IRIG: Active

/1 Setti i | RSM: Inactive \
etting(view) TEC: Tnactive
1=Version 2=Description 3=Comm.
|~ |4=Record 5=Status 6=Protection
7=Binary input 8=Binary output 9=LED
Yy 1inp Y P /2 12/Feb/1998 22:56:19 [local] 1/ 5 0

Minute ( 0 - 59) : 56

/2 Relay version 3/ 6 Hour € 0- 23 22
Belay Lype §  FERssRsERRRRsRR OO pay (1= 31): 12
MSerial No. : kKKK KKK KKK Kk
Main SOFLWare: %%kt kkkkkkkkk
/2 Direction
Phase A: Forward
/2 Description 2/ 2 S}E:E ]2 Reverse
Plant name: e e e ek ok kK Kk ok ke ok ok ok ok ok ok -
Description: D e T a—
/2 Communication /3 Address/Paameter / 2
1=Address/Parameter HDLC  ( 1 )
I~ |2=Switch IEC ( 1 ) SYAD
/3 Switch 3/ 4
PRTCL1 é 1
232C =19 8.4 4=57.6 4
IECBR =19. 2
/2 Record 1/ 1 /4 Signal no. 3/ 65
1=Fault record 2=Event record 0=0ff 1=0n 1 BITRN ( 128 ) EV1 ( 3071 )
|~ |3=Disturbance record EV2 ( 0 ) EV3 ( 1 )
4=Rutomatic test interval EVA ( 1 ) EVS ( 2 )
/4 Event name 3/128
. Event namel [Event record name 1 ]
Event name2 [ ]
Event name3 [ ]
K /3 Disturbance record /4 Record time & starter 2/ 3
1=Record time & starter Time ( 3.0 s ) OCP-S ( 50.0 A )
|~ |2=Scheme switch OCP-G ( 50.0 A ) UVP-S ( ov )
3=Binary signal 4=Signal name UvP-G ( ov )
/4 Scheme swith 1/ 5
| |tRIP 0=0ff 1=On 1
/3 Rutomatic test interval 1/ 1 OCP-S 0=0ff  1=0n 1
Chann ( 6 hrs) OCP-G 0=0ff 1=On 1
/4 Binary signal 3/ 16
SIG1 ( 128 ) SIG2 ( 3071 )
/2 Status /3 Metering 3/ 3 I~ |SIG3 ( 0 ) SIGA ( 1 )
1=Metering Display value 1=Primary 2=Secondary 1 SIG5 1 ) SIG6 ( 2 )
2=Time Synchronization Power (P/Q) 1=Send 2=Receive 1
3=Time z& Current 1=Lag 2=Lead 1
/4 Signal name 3/ 32
- - - Signal namel [Signal name 1 ]
/3 Time synchronization L {signal name2 [ ]
_O=Off 1=IRIG 2=RSM 3=IEC 4=RMT Signal name3 [ ]

Current No.= 2

/3 Time zone 1/ 1
GMT ( +9 hrs )

a-1 a-2

— 335 —



TOSHIBA

6F2S0834

a-l1 a2
/2 Protection (Active group= *)
1=Groupl 2=Group2 3=Group3 4=Group4
| 5=Group5 6=Group6 7T=Group7 8=Group8
/3 Protection (Group 1)
1=Line parameter
|| 2=Telecommunication 3=Trip
4=Autoreclose
/4 Line parameter (Group 1) /5 Line name 1/ 1
l:Line name Line name okok ok ok ok kkok ok ok kok ok k ok ok k k. .
I~ |2=VT & CT ratio
3=Fault locator
/5 VT & CT ratio 2/ 2
VI (2000 ) VIsl (2000 )
[ |VTsl ( 2000 ) CT ( 200 )
/5 Fault locator 3/ 17
X1 ( 32.60 Q) X0 ( 2.90 Q)
X0m ( 14.00 Q) Rl ( 60.00
RO ( 5.00Q) ROm ( 10.00
/4 Telecommunication (Group 1) /5 Scheme switch
1=Scheme switch CO.LINK 1=Int 2=Ext
] 2=Telecommunication element SP.SYN. 1=Master 2=
TERM
3/ 3
RYID ( )
RYID2 ( ( 6000 us )
TCDT1 ( ( 10 us)
/4 Trip (Group 1) e
1=Protection scheme =PUP 4=POP 5=UOP 6=BOP
F 2=Scheme switch PEF 9=BOP+DEF 10=PUP+DEF
3=Protection element
5 Scheme switch 3/k
1=Mho 2=Quad 1
1=Mho 2=Quad 1
1=1 2=2 3=3 4=4 5=5 1
/5 Protection element (Group 1) /6 Distance 3 /%
111=Distantcie ‘ 2=PSB&0ST  3=0C, DEF&UV 715 (0.01Q ) 21501 (0 deg )
'S =Command trip 21802 ( 90 deg ) z1XS ( 0.01 Q)
\ 225 ( 0.01Q ) 235 (1.0Q )
/6 PSB&OST 3/5
PSBSZ ( 0.50 Q ) PSBGZ ( 0.50 Q)
TPSB ( 40 ms ) OSTRL ( 1.0 Q)
OSTR2 ( 1.0Q ) OSTXF ( 0.2 Q)
(Group 1) /5 Autoreclose mode /6 OC, DEF&UV 3/11
1=Disable 2=SPAR 3=TPAR 4=SPAR&TPAR OCH ( 2.0Aa ) TPSB  ( 40 ms )
5=EXT1P 6=EXT3P I |OCBE ( 0.5A ) TBFL ( 50 ms )
Current No.= 4 TBE2 ( 50 ms ) DEFFI ( 0.5 A)
/5 Scheme switch 3/ 8 /6 Command trip 2/ 2
ARC-CB 1=ONE 2=01 3=03 4=L1 5=L2 1 TDEFF ( 0.00 s ) TDEFR ( 0.00 s )
[ |ARC-EXT 0=Off 1=On 0 — |TCHD ( 12 ms )
ARC-DEF 0=Off 1=0On 1
P: i 2
iil;zte;tr;?gter (Gzoup 2) /5 Autoreclose element (Group 1) /6 Butoreclose timer 3/ 8
o, p 1=Autoreclose timer TEVLV ( 0.30 s ) TRDY1 ( 60 s )
3=Aut§reclose . “— 2=synchrocheck TSPR ( 0.80 s ) TTBRL( 0.60 s )
Y TRR ( 2.00s ) TWl ( 0.3s )
/3 Protection (Group 8) /6 Synchrocheck 3/ 9
1=Line parameter ovB  ( 5LV ) uB  ( LBv )
—2=Trip OVL1 ( 51V ) UVLL ( 3v )
3=Autoreclose relay SY1UV ( 83 Vv ) sylov( 51V )
a-1 a-2
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a-1 a-2
/2 Binary input 3/18
BISWl 1=Norm =Inv 1
[ |BISW2 1=Norm =Inv 1
BISW3 1=Norm =Inv 1
/2 Binary output /3 Binary output (IO#2) 3/12
1=I0#2 2=I0#3 3=I0#4 BOl ( 1, 2, 3, 4, 5, 6) AND,D
B BO2 (1, 2, 3, 4, 5 6) OR,
BO3 ( 1, 2, 3, 4, 5, 6) OR,D
/3 Binary output (IO#4) 3/12
BOl ( 1, 2, 3, 4, 5 6 AND,D
BO2 (1, 2, 3, 4, 5, 6) OR,
BO3 (1, 2, 3, 4, 5, 6) ORD
/2 LED 2/ 4
LEDL ( 1, 309, o, 0) AND, I
IED2  ( o, o, o, ) OR, T
IED3 ( 15, 16, 17, 0) Or, L - : Password trap
Password
/1 Setting(change) A rd ]
1=Password 2=Description 3=Comm.
P4=Record  5=Status 6=Protection
7=Binary input 8=Binary output 9=LED
4
/2 Password
Input new password [_ 1
| Retype new password [ ]
/2 Description /3 Plant name [ _
1=Plant name 2=Description ABCDEFGHIJKLMNOPQRS
] abcdefghijklmnopgrstus
0123456789! "#$%&" :;, — =
/3 Description
ABCDEFGH LJKEiM z() (1€« —>
YZ{}*/+-<=>
e « >
/2 Communication 1/ 15
1=Address/Parameter 32): 1
I~ [2=Switch 254) : 2
999 - 9999): 0 ms
/3\Switch 1/ 4
’ Pl L1 1=HDLC 2=IEC103 1_
C 1=9.6 2=19.2 3=38.4 4=57.6 4
IECBR 1=9.6 2=19.2 2
/2 Record /3 Fault record /1
1=Fault record Fault locator 0=0ff  1=On 1_
| |3=Disturbance record
4=Automatic test interva
/3 Event record 1/129
BITRN ( 0- 128): 128 _
EV1 ( 0- 3071) : 0
EV2 ( 0- 3071) : 1
/3 Disturbance record /4 Record time & starter 1/ 5
1=Record time & starter Time ( 0.1- 3.0): 2.0 s
2=Scheme switch OCP-S ( 0.5- 250.0): 10.0 A
3=Binary signal OCP-G ( 0.5- 250.0): 10.0 A
/4 Scheme switch 1/ 5
|__|trIP 0=0ff 1=On 1 _
OCP-5 0=0ff 1=On
OCP-G 0=0ff 1=On
/3 Automatic test interval /1 /4 Binary signal 3/32
Chann ( 1- 24): 12 _ hrs SIGL ( 0 - 3071) : 1
—s1G2 ( 0 - 3071) : 1
SIG3 ( 0 - 3071) : 1 _
a-1 a-3
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a-1

a-1

a-3
/2 Status /3 Metering 1/ 3
1=Metering Display value l=Primary 2=Secondary 1_
[ |2=Time Synchronization Power (P/Q) 1=Send 2=Receive 1
3=Time zone Current 1=Lag 2=Lead 1
/3 Time synchronization
L__O=Off 1=TRIG 2=RSM 3=TEC 4=RMT
Current No.=0 Select No.= _
/2 Protection /3 Time zone /1
1=Change active group LGMT ( -12 - +12): +9 hrs
|~ |2=Change setting
3=Copy group
/3Change active group (Active group= *)
L__ 1=Groupl 2=Group2 3=Group3 4=Group4
5=Group5 6=Group6 7=Group7 8=Group8
Current No.= * Select No.= _
/3 Change setting (Active group= *)
1=Groupl 2=Group2 3=Group3 4=Group4
|| 5=Group5 6=Group6 7=Group7 8=Group8
/4 Protection (Group 1)
1=Line parameter
|~ |2=Telecommunication 3=Trip
4=Rutoreclose
/5 Line parameter (Group 1)
1=Line name
|~ [2=VT & CT ratio
3=Fault locator
/6 Fault locator 1/21
X1 ( 0.00 - 199.99): 32.60 _ Q
0 ( 0.00 - 199.99): 2.90 Q
XOm ( 0.00 - 199.99): 0.10 Q
/5 Telecommunication T /6 Scheme switch 3/10
1=Scheme switch CO.LINK 1=Int 2=Ext 1_
[]2=Telecommunication elen
/6 Telecommunication element 1/ 6
RYID ( 0 - 63) 0 _
RYIDL ( 0 - 63) 0
RYID2 ( 0 - 63) 0
(Group 1) /6 Protection scheme
1=3ZONE 2=Z1-EXT 3=PUP 4=POP 5=UOP 6=BOP
7=POP+DEF 8=UOP+DEF 9=BOP+DEF 10=PUP+DEF
Current No.= 7 Select No.= _
/6 Scheme switch 1/
75-C 1=Mho 2=Quad 1
[ |26-C  1=Mho 2=Quad 1
Z1CNT 1=1 2=2 3=3 4=4 5=5 1
/6 Protection element (Group 1)
. 1=Distance 2=PSB&OST 3=0C, DEF&UV
— |4=Command trip
a-3 a-4 a-5 a-6

/7 Distance 1/
z1s ( 0.01 - 50.00): 0.01 _ Q

Z1Xs ( 0.01 - 50.00): 0.01 Q

71501 ( 0 - 45) : 0 deg
/7 PSB&OST 1/ 9
PSBSz ( 0.50 - 15.00): 0.50 _ Q

PSBGZ ( 0.50 - 15.00): 0.50 Q

TPSB ( 20 - 60) : 40 ms
/7 OC, DEF&UV 1/21
OCH ( 2.0 - 10.0): 2.0 _ A
TSOTF ( 0-  300): 5 s
OCBF ( 0.5 - 10.0) : 0.5 A
/7 Command trip 177
TDEFF ( 0.00- 0.30): 0.00 _ s
TDEFR ( 0.00- 0.30): 0.00 s
TCHD ( 0- 50) : 12 ms
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a-1

a-3

a-4 a-5 a-6
/5 Butoreclose (Group 1) /6 Autoreclose mode
1=Autoreclose mode 1=Disable 2=SPAR 3=TPAR 4=SPAR&TPAR
2=Scheme switch 5=EXT1P 6=EXT3P
3=Autoreclose element Current No.= 4 Select No.= _
/6 Scheme switch 1/ 10
ARC-EXT 0=Off 1=On 0
I |ARC-DEF 0=Off 1=On 0
ARC-BU 0=Off 1=On 0
/6 Autoreclose element (Group 1) 1/13
1=Autoreclose timer 0.30 _ s
—|2=Synchrocheck 60 s
0.80 s
/f ?rotection (Group 2) 1/18
L ;—Lm?e parameter 51 v
~Trip 13 v
3=Autoreclose 51 v
/4 Protection (Group 8)
1=Line parameters
—|2=Trip
3=Autoreclose
/3 Copy groupA to B (Active group= 1)
A ( 1- 8): _
B ( 1- 8):
/2 Binary input 1/18 t
BISW1 1=Norm 2=Inv 1_
[ |BISW2 1=Norm 2=Inv 1
BISW3 1=Norm 2=Inv 1 \
/2 Binary output ut (TO#2 )
1=I0#2 2=I0#3 3=IO#4 ( 1-12)
’ Select No.= _

/4 Setting (BO 1 of IO#2 ) /5 Logic gate type & delay timer 1/ 2
1=Logic gate type & delay timer Logic  1=OR 2=AND 1_
2=Input to logic gate BOTD 0=0ff 1=On 1
O /4 Setting (B0 12 of 1042 ) /5 Input to logic gate 3/ 6
C ) In #1 ( 0 - 3071): 21
1=Logic gate type & delay timer 5 . -
2=Input to logic gate In #2 0- 3071): 6
\ In #3 ( 0 - 3071): 12 _
/4 Binary output (IO#4 )
Select BO ( 1- 14)
Select No.=_
/2 LED . /3 Setting (LED1) /4 Logic gate type & delay timer 1/ 2
elect LED (1- 4 1=Logic gate type & reset Logic  1=OR  2=AND 1
2=Input to logic gate Reset  O=Inst l=Latch 1
Select No.=_
/3 Setting (LEDA) /4 Input to logic gate 1/ 4
1= . In #1 ( 0 - 3071): 274
=Logic gate type & reset
o=, . In #2 ( 0 - 3071): 289
=Input to logic gate
In #3 ( 0 - 3071): 295
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a-1

/1 Test
1=Switch
3=Binary output
5=Logic circuit

2=Manual test
4=Timer

/2 Switch 1/8
A.M.F. 0=0ff 1=On 1
Z15-1PH 0=Off 1=On 0

ZB-CTRL 0=Norm 1=OFST 2=Non-OFST 0

/2 Manual test
1=Telecomm channel test

Press number to start test.

/2 Manual test
Telecom channel testing .

/2 Binary output
1=I0#1 2=I0%#2 3=IO#3 4=IO#4

/2 Manual test
Telecom channel testing .
Completed.

/3 BO

IO#1 TP-Al
I0#1 TP-B1
I0#1 TP-C1

(0=Disable 1=Enable

)

1/ 3

/3 BO
I0#4
—I0#4
Loy

BO1
BO2
BO3

/2 Timer

Timer ( 1- 60) :

BO
eep pressing 1 to operate.

Press CANCEL to cancel.

/2 Timer
Press ENTER to operate.

Press CANCEL to cancel.

1/ 1

/2 Timer

Operating .

Press END to reset.
Press CANCEL to cancel.

1/ 1
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LCD AND BUTTON OPERATION INSTRUCTION

MANUAL
MODE
—_ —_— 1. PRESS ARROW KEY TO MOVE TO EACH DISPLAYED
" -_ IERMI | ITEMS
(D|SPLAY OFF) " 2. PRESS "END" KEY TO BACK TO PREVIOUS SCREEN
) R - =~ % 1=RECORD
PRESS ANY : _— == = = :
BUTTON
Bverer For Iyl MENU i- - % 1=FAULT RECORD
WIEW" AND | (oisPLAYON) [ |
. . __ (DISPLAYON) !
RESET ! = = = + - - 2=EVENT RECORD
___________ 1 !
= = r - - p-3=DISTURBANCE RECORD
1
| mEeTERING 1 |
(DISPLAYON) || L - - -4=AUTOMATIC TEST

- - - p5=AUTORECLOSE'COUNT
- » 2=STATUS

- - > 1=METERING

1
L - -p2=BINARY INPUT&OUTPUT
!

L& -Pp3=RELAY ELELMENT

g |
1

METERING 2 .
__ (DISPLAYON) _ AUTO- ! )
MODE 1 +- {p-45TIME SYNC SOURCE
o MURE T :
! TRIP OUTPUT | :r & p5=CLOCK ADJUSTMENT
ISSUED! 1
] L - - p6=DIRECTION
VIEW RESET
TRIP - PN3=SETTING
| (LEDON) @ | (VIEW)
i I - 1=RELAY VERSION
—_— ——= |
| L - - p2=DESCRIPTION
 LATEST FAULT * AUTO- . !
__ (DISPLAYON) _ ' _pas
MODE™ : F - - >3=COMMUNICATION
Ikl il & L] \ 1
! RELAY : : r - - »4=RECORD
. . € ! L -p5=STATUS
VIEW RESET T TR NS ' |
QL ARM : r - -»6=PROTECTION
(LEDON) | .
' ! r - - 7=BINARY INPUT
1 1
—" ! L -~ p8=BINARY OUTPUT
 AUTO SUPERVISON * | - poeLED
__ (DISPLAYON) _ :
1
*WLATEST FAL{LT“ AND "AUTO 1_ _ P 4=SETTING
SUPERVISION' SCREENTS | (CHANGE) Same as SETTING (VIEW) menu
IS STORED :
“--» 5=TEST
- - - 1=SWITCH

- -p2=MANUAL TEST
- -p3=BINARY OUTPUT
- -p4=TIMER

rerTTm T

- -p5=LOGIC CIRCUIT
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Q

C)O

Appendix F

. N
Case Outline
\}‘b

e Case Type-A: Flush Mount Type
e Case Type-B: Flush Mount Type
e Case Type-A, B: Rack n V.@i

343 —



TOSHIBA 6F2S0834

! T
I_ TOSHIEA DISTANCE PROTECTEON | @
[
®
7
|
{
|
[ 1 o ®
254 2 <—J 276.2 132
Front View Side view
4-65.5 \%
—
R R ] ! >
© e _g_ 50 o
: e
Ch: 8§r__--- g 1905 | 260
5 il - -—t
o OQ|[e 5 aff |
@ [ffe] OO Fistetelale
B O | ool o <l
© :‘:r'" 3 :':I' ol ] g £ J
Hlorel O |Holo -4 6 —Y
I '
Ho | ° 6.2 223 34.75
N >
— 2354
216
220
Optical interface Panel Cut-out
— TB3/TB4 TB2
e L: MEA I
& . g
T‘z,:| 2 ol n TB2-TB4:
2| 2 B .
ok ol b g M3.5_ Ring
5[[efe] ~ Q) 5 : terminal
6 : 1O e |
o Eretelli9 :
| |
Ao |
2. (B TB1:
: i wtofs10 81 1/ M3.5 Ring
o @1 > 1> terminal
218
220 ]
Electrical interface o
19 | 20

Rear View

Terminal Block

Case Type-A: Flush Mount Type for Model 211, 214, 221, 224, 311, 321
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= [}
N\
<) b
8 ® |
28
364 e 276.2 32
Front View Side view,

A B =
© e e | e | 9
[ole] [olo] [o]e]
[eTo! og| (o]0 !
B o5 | 9 Eere
o7o] [o7s] (A9 [ifele]
oo oo fan 190.5]  260]
s bl = ; :
e
°l e wels] O [eTo] \
[elo] [els] (O (o]0}
[o]o! [e[o] Holo)
[e[o] [o[o] [oTo]
oy felo| (O [oTo]
[o]o] oo fo]o]
/fo]o] olo] Z
ool [oTo]
oo o0

al

7 6.2 333 34.75

Optical interface 345.4

o b o Panel Cut-out

[ole} B0 (9]0]

[e]o! ag| (o]o]

[o[o! (elo] (6o}

ey [e]o] oo}

56 ool 86 TB2 - TB5

o colfelce s
°l d A1|B1

§§ Eg EE TB2-TB5:

B ol 3.5 Ring

00 JoTel i terminal

= o
o [mel e | 9

3

326
330
Eleetrical\interface 81 TB1:
Tz1 ~ M3.5Ring
terminal
Rear View
A18|B18

Terminal Block

Case Type-B: Flush Mount Type for Model 216, 226, 323
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A

»
N
Attachment kit
(top bar)

© © !

Attachment kit Attachment kit

(large bracket) (small bracket)

Top View
4 HOLES - 6.8x10.3
/ (2] TORHIBA DISTANCE PROTECTION
¢ H—
MENU
;:gzﬁ?r:gkviaw) i:gial:i‘:]sg(chnnge)
S=Tast
O IN SERVICE @
C TRIP e
O ALARM
O TESTING
0 hadd o ‘
o Z o 9
a 4
NGk
uade in W ' @ @
cea @l |
A o

)
7

465.1
483.0

Front View

Rack Mount Type: Case Type-A for Model 211, 214, 221, 224, 311, 321
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»
N~
N
Attachment kit
(top bar)
Q $> A4
. \
Attachment kit Attachment kit
(large bracket) (small bracket)
TopView
4 HOLES - 6.8x10.3
H
/ E o TURHIBA DISTANCE PROTECTION
& i ¢
: MENU
1 1=Records 2=Stotus
: I=Seiting(viaw) 4=Setting(changa)
H SmTast
1
1
1
s
| O ALARM
i O TESTING
! o "
; 5 & =
H o -
1
i £ G @
5 Xels
! FN [@ 1
1
5 o
é‘ | 1)k 0] -
! e X
" 1
465.1
483.0
Front View

Rack Mount: Case Type-B for Model 216, 226, 323
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(b) Small Bracket

©
©
—_
o)
o
O
S o
o |8 1o ©) o 8
N N
\ o
o o
(b ©
L 247.8 \ 19.4 18.8
(a) La% et

18

© ©

216

) Bar for Top and Bottom of Relay

e bracket, 5 Round head screws with spring washers and washers (M4x10)
mall bracket, 3 Countersunk head screws (M4x6)

(c)g | 2Bars, 4 Countersunk head screws (M3x8)

Dimensions of Attachment Kit EP-101
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132

©]
265.9
©)

137.8

g

Q)O

o K
(a) Large Bracke\t

©
©
265.9

@)
LO
D1

(&)
©
4] |pg|

(b) Small Bracket

N
A —

Parts

(c) Bar for Top and Bottom of Relay

S

—
-

L 4
—
e

1 Large bracket, 5 Round head screws with spring washers and washers (M4x10)

1 Small bracket, 3 Countersunk head screws (M4x6)

2 Bars, 4 Countersunk head screws (M3x8)

Dimensions of Attachment Kit EP-102
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How to Mount Attachment Kit for Rack-Mounting

Caution: Be careful that the relay modules or terminal blocks, etc., are not damage while mounting,
Tighten screws to the specified torque according to the size of screw.

Step 1.
} Remove case cover.
e
/ P
Left bracket Right bracket
Step 2. Seal
Screw
:@ 0 Remaove the left and right brackets by
S unscrewing the three screws respectively,
then‘temove two screws on left side of the
. o relay.
oo < And then, remove four seals on the top
s ?; and bottom of the relay.
o . e
o 2

Seal

Mount the small bracket by screwing three
countersunk head screws(M4x6) and apply
] - - = adhesives to the screws to prevent them

’ L o from loosening.

Mount the large bracket by five round head
screws(M4x10) with washer and spring

. o washer.
m— And then, mount the top and bottom bars by
. %%%@ 7 two countersunk head screws(M3x8)
o = Bl || o respectivelv.

~ S\ Small bracket

Large bracket

S ﬁ =
Step 4 1

Bottom bar

o Completed.
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BUS
. r
H 1
. I
: I
2E msv i
I
TBIEL
cr Iy =
3 B
- b 4 3E
15 .
- e 3E
8 ZIE
19
To from Ii6§€
adjacent Line CT :
B

=] e
BUS VT :i; §

|
120
|

(+1)
| (CASE EARTH)

BI2

BI3

BI4

Programmable BT

B8 1

1081

@
o
©

\RF

B2

|

A3 :

BO4 7

B3 |

]

|

/ALI

]

BOS5 |

|

]

A5 |

BO6 /:

]

|

46

BO7 /:

16 |

|

v}

BOS |

BT |

]

81

-

BOY 5 !

|

a9 !

B0 10 -

B9

]

|

o

]

BoLL B10 |

|

AL

BO12
BO13
FA

I
BIT |
Al6 !

. (s
|

Ethernet LAN I/F

BO2

BO3

B04

BOS5

BO6

BO7

BO8

RELAY FATLURE

RS485 1/F
(Single port)

TB3-A18 |
COM2-A h
COM2-B A7
. Ale |
—OV.
COM2-0 I" RS485 I/F (Two ports)

comi-A ——BI8

COMI-B
COMI-OV. B16 1.~
1

B17 |

: | BI16
|
R4 ||
| | BIIT
|
15
LB15 BI18
)1
: RELAY FAIL.
: DD FAIL.
TBAHAL6
DC ) DC-DC

SUPPLY

L 4

nnections are connected
~bars before shipment.

10%2

= +5Vdc

ov

I (option) 10 module
i 10#1 101
i 10#2 | 102
|
c% 10#3 103
IRIG-B
I TB3TB2 CN1
a7 A 1 (1
CN2 d
CHI R
CKl, Electrical
Interface
L or Communication
TX1 Links
CHL by |« |Optical
| Interface
() ez T2 Q>
RX2 @7+
I
|
TR4= A3
(+)
B3I
/—« ]
|
TP-AL Al .
/_..4: TRIP-A
|
?% TRIP-B | BUS CB
[ w
— |
TP-C1 B2 ! erpoc
TR4-A14
Bla!
1
AL A qppog
/_‘ | For optical interface
TPB2 | AIB I e e
I:/ : Terminal Block Arrangement (Rear view)
—C2 ! IRTP-C (Note) GRZ100-211: 2 terminal system, not provided

with terminals marked with (¥).
GRZ100-221: 3 terminal system
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. BUS
’ . 4 e
: i 183 A2
: i BO1 !
3 E msve A
1 /—' 1
mIb Bo2 |
o & o 3E LBl
13 BO3[ i
- JEVEE = B2
[ !
o T 1= '
7 A3
L —hsE -
e B04 ol
Io from 03E | ¢
adjacent Line CT | : /AA_:
B | BOS5 |

i
g LPE
e

—  BIS VT PE}{ BO7 7

120

(DC
| (CASE EARTH)
|

<
5
1
=
E
2
L\>m
5 E

=
=

=3
3

£l
=3
©

oo
=

O]
kS
-1
w > (@
o |E |2
=3
@
S
©
b=
“’L\g

=

&
=]
=
~

B0 10

=
e

[ —
o BI6 BO12

e
Programmable BT Bl 1081
1 ALO BI7
A0
B BO13
1 ATL BI8
WBl2
1 A12 BI9
WBI3
1 A13 BI10

\Bl4 ]

I a14 BI11
[ r—
| BI5
I A15 BI12
jALE

(HIGH SPEED RELAY)

RELAY FATLURE
TB3-AIS |

COMZ-A
CoM2-B AT

M6 |
T 17 Rs485 I/F (Two ports)
CoMI-A BIS |

COM1-0V. Bi6 |7
10 module

Ethernet LAN 1/F 10#1 108
(option) 10#2 102
10#3 106

TB4 CN2 TB3TB2
B1 = 1

COM2-0V.

RS485 1/F
(Single port)

TB3lAl4 ——
Al

o

: o
3 =® mic-s
: i

—

| : N2 ™ @
B — ; CH1 RX1l &
I — N A
1 BI22| | 1083 K1l Electrical
! . X Interface
(%)CHZ RX

CK

| ] B2 171 or Communication [
B9 “:7 o TX1 . Links A18ET]B18
BI24 : Rl @———<— |Optical 10#1
*— : 1 Interface
A10
E_—

|

: A1l B18 T

|

L . " .
\ o Do | B wan T & For electrical interface

i — : !

I . I

! . 1 H B1 (I

| RELAY FAIL. L ! ?Cﬁ

: DD FAIL. S_tAS_: @

o133
(]

=

1
TB41IA15 = .5vde P '
e ™ |B | De-be TP-AL AL
SUPPLY A17 Y 1 "~
ov
rs Sirmag PR i
Al8 — TRIP-B
e[ /421 sk
| 10#1
TPC1 B2 4 rrip-c
nnections are connected p— E 1 For optical interface
short-bars before shipment. - :
e ______ | Terminal Block Arrangement (Rear view)
(Note) GRZ100-214: 2 terminal system, not provided
with terminals marked with ().
GRZ100-224: 3 terminal system
Model 2+4
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BUS

§ £ BUs VT

CT

o [~ [o o = [eo o

To from

adjacent Line CT
CB

BUS VT |

(1)

B4
)
©)

Programmable BI

TB2

)
B3

B4
nC )

SUPPLY

(,

) These connections are connected (1) [
by short-bars before shipment. N
_r—*

20

P (CASE EARTH)

BI1L

BI2

BI3

BI4

B10

A10

Bl

All

B12

A12

A13

B13

B14

Al4

B15

Al5

B14

-Al4

Al5

B15

Al8

-Al4

B14

BI34

L
Al5

BI35
-

1084

AL6

| B15 g |

BI36

RELAY FAIL.

=P
DD FAIL.
=

ip16 ]

Simag

Kipis

DC-DC

T CASE EARTH

+5Vde

ov

/_qﬁz;& TB5- Al B g2
er Al BOII;/Bl BOIT/_'M
BO2 4
I s =
BO3 / BO2 B
B2
A3
A3 7
04 /BS B3 I;m
A
A /
BO5 /‘ Bo4 IQ
B4

RS485 1/F
(Single port)

i]] Ethernet LAN I/F
(option)

Fibre optic I/F
(option)

CN2

Electrical

TX
CHI RX
CK

Interface

X
(#)CH2 RX:
ck &7

cH TX1

R @——<—

Optical
Interface

() chig TX2
RX2

TR4=_A3
(+)

B3
TP-A1 ; ALY rripa
L g
= B2 rip-c

Model 2%6

b=
=

)

o=
5

b=
=

)

B

AT

)

¥

B10:

TB3-AI8 |
COM2-A
coM2-B :

' NN
con-0v—A0 4 RS485 1/F (Two ports)
COMI-A BIS |
COM1-B BIT |

COM1-0V Big |
T

10 module

10#1 108

10#2 102
Communication 10#3 105
binks Io#4 | 104

10#1

For electrical interface

10#4

10#1

For optical interface
Terminal Block Arrangement (Rear view)

(Note) GRZ100-216: 2 terminal system, not provided
with terminals marked with (¥).

GRZ100-226: 3 terminal system
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BUS % £ BUS VT
TBI |1
as e
I 3
= E=re
& -]
S
o from 9
adjacIentf Line CT 7@ {
CB 11
. | e
T % & v 12
Eé ‘Fjsé
g
Voo = BUS VT :E g
ADJACENT LINE VT 7
\ ERS TEH
oS \/ ( I)QL

(CASE EARTH)

Programmable BI

TB4- |A4

B4

BI1

A6

(k1 BI15
TB3 [-A14. N
— BIl6
Bl4 1042
o | BIIT
AlS
B15, BI18
)
RELAY FAIL.
DD FAIL.
L 4 B4 |A16 =
bc B16 DC-DC
SUPPLY
se connections are connected (x1)
by short-bars before shipment.
LT CASE EARTH

+5Vde

ov

3- A2
BO1

M
soz[

BI

BO3

3

=
5\93 B

B04
M
BOS5 /134
A5
BO6 /55
6
BOT /BG
A
BOS /]37
A8
BO9 /Bg

A9

TB3-A18
COM-A

B18
AT

COM-0V ALG

COM-B
B17 /

(HIGH SPEED

RS485
(Single port)

——————— al
]

|

BO1 Bl
|

/Z_‘I

BO2 B !
|

|

BO3 !

3

Y
%

RELAY)

RELAY FATLURE

TB3-A18 !
coM2-A |
COM2-B 7
A6 1T
COMZ-0V -
T 1T RS#S5 I/F (Two ports)
1R COMI-A Sl

COM1-B

m COM1-0V. Bl6 1.~
10 module
E] Ethernet LAN I/F
(option) 10#1 101
10#2 102
10#3 103
N1
O
— Communication
CN2 .
TX]1| Links TB4. . CN2 CN1
CHL RX (IRIG-B;
CK Electrical 'E(ﬁ
TX: Interface
(%) CH2 RX
ckq J or
X1
CH1 RY1 | <« |Optical
Interface
2 >
(%) CH2
RX2 —<— AtsbEdB18
TB4-A3 10#1
B3 For electrical interface
TP-A1L Al . TB4 TB3TB2 CN1
r/_. TRIP-A g 1B - ("Eoﬁ'a
TP-B1 L] [ BUS CB
TP-C1 B2 | eipc
TB4-A14
B14
TP-A2 A12 J3E == 30)
TRIP-A CENTER CB
r Y 10#1
B2 ALS | pip-p For optical interface
{,CQ‘ BIS | perpc Terminal Block Arrangement (Rear view)
(Note) GRZ100-311: 2 terminal system, not provided

Model 3*1

with terminals marked with ().
GRZ100-321: 3 terminal system
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— o

BUS T S E s VT - S
81 |1 = 2- A2 BO1 /Bi.& BO1 /TBB_’.;‘\A
LT 2 BO1
cT é e 3 Al BO2 Al BO2 A
4 £ poz[ r ? /_‘
@ 5 BL BL ; B
[ S 503 /‘ BO3 BO3
7 e
8 3iE B2 B2 /BZ
To from —
adjacent Line €1 __|1031E A3 A3 A3
CB 1 e BO4 /Bg B04 /BS BO4 /BS
cT i % 2
% R — EV yiﬁé = /A“ M M
£} 13 BO5 B4 BO5 /le BOS5 /}34.
[ I ul3is
=R [ " A5 A5 A5
* 5
N\ = BUSVI |16 3iE B06 /35 B06 /35 -
ADJACENT LINE VT 7 S
= /& A6 A6
BUS 0
o] wl e AN
(CASE EARTH)
B3| A14 AT AT
+ BI34
) — BO8 BO8 BO8 /37
TB3-|B14
1044
| |B135 A8 A8
B3-{A15 | [ ] BOY BO, BO9 /BS
TB3-| B15 BI36
) /AS A9
TBA-{ A
B0 10
s B9 B0 10 /Bg
B4 ALO
BI2
- BO 11 wou|
— B10)
A5
| BI3 ALL AlLL
5 BO12 BO12 G BO12 G
.| BI4
— % A12
A6
L eis LAY)  BOI3 B12 B013 g
B6 | | A13 AL3
BI6
.
BO 14 /; BO14 /;
AT
L | BI7
w ]
Programmable BI »— BI8 L e T —_—
| o TB3-A18 |
RS485 1/F . SV
HAs L Lo#1 (Single port) CON2=A |
¢— BI9 COM2-B
B8 CoM2-0V. A | A
T RS485 1/F (Two ports)
4| BI10 7 COMI-A il
A9 — Ej Ethernet LAN 1/F COMI-B BI7 |
(option) ,
COM1-0V. Bi6 17
T Fibre optic I/F '
(option)
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Relay Setting Sheets

1. Relay Identification

Relay type

Frequency

VT rating

Password

Active setting group

2. Transmission line parameters

Line type
Line impedance 1=
0=
Zm =
VT ratio
Tripping mode 1 + 3 phase/3 phase

3. Distance scheme

Zone protection

Zone 1 extension
PUP

POP (D
uop
BOP \

POP + DEF

UOP + DEF

BOP + DEF

PUP + DEF e
4. Autoreclose scheme\

Not used O

1CB or 2CB reclosing
Multi-shot autoreclose
1 shot, 2 shots, 3 shots or 4 shots

Date: O
Serial Number
CT rating

dc supply voltage

Line length

Z0 (mutual) =Q
CT ratio
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5. Contacts setting
(1) 10#2 BO1
802 O
BO3
BO4 O
BO5
BO6 .
BO7
BO8 %7
BO9
BO10

BO11
BO12
BO13

(2) 10#3 BO1
BO2
BO3
BO4
BO5
BO6
BO7
BOS
BO9
BO10
BO11
BO12
BO13

BO14
(3) 10#4 BOf ’\

9
BO10
BO11
BO12
BO13
BO14

(Memo: For relay elements and scheme logic settings, the setting list as shown on the next page is made.)
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6. Default setting

Range Default setting (1Arating / 5Arating) y
N Nare Units 1CB-ARC 1CB-ARC 2CB-ARC U_s.er
2TERM [ 3TERM 2TERM | 3TERM | 2TERM | 3TERM Saing
SArding | 1Araling 24 | 216 | 24 | 26 211 |2 311 [ 3 323

1| Actiegrop 1-8 — Jactive setting group 1 1

2 Line name Specified by user — JLine name Specified by user Specified by user

3 VT 1- 20000 — |y miio 2000 2000

4 VTs1 1- 20000 — |7 rtio 2000 2000

E VTs2 1. 20000 ~ |t - - | 2000

6| VTr 1- 20000 — v mtio for remote teminal 2000 2000

7] VTr2 1- 20000 — JVT ratio for remote teminal - [ 2000 - [ T - ] 2000

g cT 1- 20000 — |cr mtio 400 400,

9 CTr1 1- 20000 — |CT ratio for remote terminal 400 400

10| CTr2 1- 20000 — JCT ratio for remote terminal - | 400 = | 40 T > T 40

[ X1 0.00- 199.99 00- 9999 Q [rauttiocation 200/100 200/400

12 X0 0.00- 199.99 00- 9999 Q |t 680/340 680/ 340

13 Xom 0.00- 199.99 00- 9999 Q aito 200/100 2001100

14 R1 0.00- 190.99 00- 9999 Q aito 020/10 020/1.0

15| RO 000- 19.99 00- 9.9 Q |dito 0.70/35 0.70/35

16] ROm 0.00- 199.99 00-9999 Q |t 020/10 020/10

17] Z0B-L 0.00- 199.99 00- 9999 Q |dito 200/100 200/100

18| Z0B-R 000- 19.99 00- 999 Q |ditto 200/100 200/100

19) Keb 8- 120 % |ditto 100 100

20 Kbe 8- 120 % |ditto 100 100

21 Kea 80-120 % it 100 100

2| Ka 80- 120 % |aito 100 100

23 Kb 8- 120 % |ditto 100 100

2] Ke 8- 120 % |aitto 100 100

2 Lire 00- 3999 im Jaito 50 Y

2 X1 0.00- 19.99 | 0.0- 999 Q |dito - 2004100 200/10.0 200/100

7] 2R1 000-19%9 | 00-9%09 Q |t — 020130 020/10 020/10

) ZLine 00- 3999 im Jaito - Ed 50 0

2| 3X1 000-1999 | 00-9%09 Q aito - 200/100 200/10.0 200/100

ES) 3R1 000-19% | 00-9%9 Q |aito - 02041.0 0.20/1.0 020/10

31 3Line 00-3%99 km_Jaitio - 50 50 LY

3ZONE - Z1-EXT - PUP- POP - UOP
32| Protection scheme - BOP - POP+DEF - UOP+DEF - —  |Protection scheme selection POP POP
BOP+DEF - PUP+DEF

BEE| CO.UNK Int- EX — JCommunication link (Extemal or Integral) Int Int

Kz SP.SYN. Master - Save — |sP synchronization setting Master Master

= TERM 2TERM - 3TERM - Dual — [reminal selection - [ STERM B T 3TERM

% CHUSE Both- CHIUSE - CH2USE —|For chein topology - | Both - | B [ - | Bath

37 RYIDSV Off - On —  |Relayaddress supenision On On

39 CH.CON Normel - Bxchange — |channel exchanger - [ Normel - [ Nema [ -] Normal

39 T.SFT1 Off - On — | cH#1 bit shifter for multiplexer link Off

40| T.SFT2 Off - On — JCH#2 bit shifter for multipleferlink - | Off - | Off | = | Off

41 BSYN1 Off - On —Jcret vit syne. for muttipleer On on

r BSYNZ OfF-On — |cr#2 bit sy for muttipleser — [ On - [ o T - ] On

43 RYID 0-63 —|Relay address foffealiterminal 0 0

44 RYID1 0-63 — |Relay address for remote terfinal 1 0 0

45 RYID2 0-63 —  |Refayaddress fortemote teminal 2 - [ 0 - [ o T -] 0

46 TDSV 100- 16000 US| TransmissiGndelay fime supenision 6000 6000

47 TCDT1 ~10000 - 10000 Us | Tratsmission defaytime adjust (CH1) 0 0

48] TCDT2 -10000 - 10000 Us | Transmission delay time adjust (CH2) - | 0 - | 0 | - | 0
g ZSC Mho - Quad < |ZS relay characteristic Mho Mho

50| 7GC Mho- Quad = 128telay characteristic Mho Mho

51 BLZONE COM- IND = [Bindersetting moce COM COM

52 Z1CNT 1-2-3-4-5 — | AAtiip mode 1 1

53 PSB-Z1 Off - On — |psB for 71 element On On

54 PSB-Z1X Off - On =PSB for 21 element On On

5 PSB 22 Off - On — |psB for 22 element On On

59) PSB-Z3 Off- On — |psB for z3 element Off Ooff

57] PSB-CR Off=On — IPsB for caniertiip On On

58 PSB-ZF Off-On — |PSB for ZF element Off Off

5 PSB-ZR1 Qff- On — |psB for zr1 element Ooff off

&0 PSB-ZR2 Of - On — |psB for zr2 element Ooff off

61 PSB-TP Off - Onl — |riip foruncer PsB On On

& UVPWEN Off-On | Counter measures for overrech of leading Off Off

phase at positive phase weakinfeed

63| SCFCNT BLK- Trip — | Canier trip operation under severe CF BLK BLK

64 STUB Off - On — ]stub protection Off off

65| SOTF-DL CB- UV- Bath — |sorF condition judged cB cB

66) SOTF-0C Off-On — |sorFoctip On On

67 SOTF-Z1 Off - On —|sorF zone1 tip off off

69| SOTF-22 Off- On — |sorF zonez tip Off off

6] SOTE-Z3 Off - On — |sorF zones ip Off off

70 SOTF-F Off-On — |sorF zoneFtip Ooff off
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R Default setting (1Arating / 5A rating)
ange

N N Units Corterts 1CB-ARC 1CB-ARC 2CB-ARC User

2TERM | 3TERM 2TERM | 3TERM [ 2TERM | 3TERM Setingy|
SAraing | 1Arating 214 26 | 24 | 2% 211 |2 311 [ 323

71 SOTF-R1 Off-On — |sorFzoneri trip Off Off

72| SOTFR2 Off - On — |sorF zonere tip Ooff Off

73 sotF-ND Off- On — |sorF zonenp tip Off off

74 ZFBT Off - On — |zF element backup tip Off off

75) ZR1BT Off - On — |zr1 etement backup tip Off off

79) ZRoBT Off - On — | zR2 element backup trip Off Off

77 ZNDBT Off- On — | Non-directional zone baciup trip Off Off

€ OCBT Off- On — |ocbackupip On On

79 OCIBT Off - On — Joci backup tip On On

80| MOCI Long - Std- Very- Ex — oot backup trip Sd Sd

81 EFBT Off - On — e backup tip On On

& EFBTAL Off- On — | EF backup trip alamn On On

8| DEF | DEFFEN Off - On — |Forverd DEF beckup trip enable off of
_84 BU-trip | DEFREN Off- On — |Reverse DEF back-up trip enable Off Off

85|  DEFBIAL Off - On — | DEF backup trip alam On &

8 DEFI Off-NOD - F-R — | oEF backup tip Off Off

& MEF! Long - Std- Very- Bt — | backup trip Sd S

8] OVS | OVSIEN Off- DT - IDMT — Jovs1 enatle Ooff ud
e OVS2EN Off- On — Jovs2 enavle Off off

20 OVG | OVGIEN Off- DT - IDMT — JovGt enable Off Off
o OVGEN Off- On — Jovaz enavle Off Oft

o[ uvs [uvsiEn Off - DT - IDMT — Juvsi enable Off Off
BE: UVS2EN Off- On — Juvszenavie Off Off

ol uvG [uveiEN Off - DT - IDMT — Juwet enabie off Off
K UVG2EN Off - On — Juvaz enavie Ot Off

96| UVSUVG | VBLKEN Off- On — Juvbiockenavie Off Ooff

97| BCDEN Off- On — | Broken conductor enable Off Off

o CRSCM Off - On — Jcaieroutof senice On On

o CHSEL Single - Guard- And — | carchannel configuration Single Single

100 BOSW Normal - Imerse — Jcanier sending signal Normal Normdl

101 ZONESEL 72-73 — | carier control element 22, 2

102 ECHO Off- On —|ecrocaniersend On

10 WKIT Off- On — Jweak carier tip(Echo) On

104 CH-DEF CH1- CH2 — | DEF canier channel setting CH1 CH1

105 BODEFSW Active - Inective — |Binary switch for DEF carr. Active Active

106| BF1 Off-T-TOC — |cBrretip Off off

107] BF2 Off- On — | caF related tip Off off

108 BFEXT Off - On — |csr initiation by ext. tip Off off

109 osT Off - Trip- BO — Joutof steptrip Off Off

110 THMT Off - On — Jrhemal tiip enavle Off Off

1 THVAL Off - On —|rhemal alam enable Off Off

112 TTSWA Off - Trip- BO — [ Transfertrip selection (CH1), BO BO

113 TTSW2 Off - Trip- BO — | Transfer trip selection (CH2) BO BO

114] VIFIEN Off - On- OPT-On — vt enavie On On

115 VTF2EN Off - On- OPT-On — Jvrr2enavie On On

116 VTF-24 Off - On — Jz#carblocied by v On On

117] CHMON Off - On — | carier monitoringtesting On On

119 LSSV Off - On — s monitoring Off Off

119) SVCNT ALMEBLK - ALM —|supenision cantrol ALMBLK ALMEBLK

120) CTSV Off - ALM&BLK - ALM! — Jcr'stpenyision eghtrol Oft o

121 FL-Z0B Off - On — Jrauitiocater Off Oof

122 Opent Off- On — [Rentote tem. 1 outéfsenice Off off

123 Oper2 Off- On — JRemotertem 2 out of senice - Off - Off - off

124 AOLED Off - On "~ JALARMLEDlighting control at alarm On On

ERE Z1S 0.01- 5000 010-25000 | Q |Z8keactance 160/800 160/8.00

126 Z1BS 15 (foed) 7.5(fed) 0 Jz1s mhooffset (back) - -

127] Z1S-Uvm 55 (foed) V' IMnimum voltage phase detector - -

128 Z1XS 001-5000 ] 010-25000 T\, Q [ziXS reactance 24071200 24071200
[ 129] 71391 0-45 d8gJ71S angle with reference to an X-axis 0 0
E 7152 45-90 deg Angle for Z1S hooked point with reference to D0 €N

an R-axs

[ 31 BFR1S | 0.10-2000 0.5- 1000 Q |Blinderfor 1S forward (R) 5.10/255 5107255
[ 139 BFRXS | 01042000 0521000 Q |Biinder for 1xs foward (R) 510/255 510/255
[ 139] 228 001- 5000 010-25000 | Q |z reactance 300/ 1500 300/ 1500
K BFR2S | 4040- 2000 0591000 Q |Biinderfor 225 foward (R) 510/255 510/255
KE ZFS | 001-8000 01- 2500 Q |zrs reactance 400/ 20,00 400/2000
[ 134 BFRFS | 0.10- 2000, 05- 1000 Q |Biinderfor zFs foward (R) 510/255 510/255
KE 235 0.01- 5000 01-2500 Q |zs mo 6.00/300 600/300
[ 13g] 7350 45-90 deg |Line angle for Z3S(Vho) element & &
13| 7B 0-45 deg | Angle of direction(Quad) element 5 5

[ 140) BFRS [ 0102000 | 05-1000 Q |siinder for zs foward (R) 510/255 510/255
41| BFRS6 75 (fixed) deg |Angle of BFRS - -
142 BFLS 0 (fixed) Q |Blinderfor ZS reverse (R) - =
143 BFLSH 90- 135 deg |Angle of BFLS 120 120
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Renge Defauit setting (1Arating / 5Arating) )
Ne Narre Urits Contents 1CB-ARC 1CB-ARC 2CB-ARC User
2TERM | 3TERM 2TERM | 3TERM | 2TERM | 3TERM Setting
5Araling 1Arating 24 | 26 | 24 | 26 21 | 311 [ @ | s
ZR1S 0.01- 50.00 0.1-250.0 Q | zR1S reactance 200/100 200/100
ZR2S 0.01-50.00 0.1-2500 Q  |zRreS reactance 4.00/200 4.00/200
z48 0.01-50.00 0.1-250.0 Q |z4s mho 800/400 8.00/400
74BS 1.5 (fixed) 7.5 fed) Q |z offset-mho (back) - -
2489 45-90 deg |Line angle for 4S(Vho) element - (Linked with Z358) -- (Linked with Z3S6)
24BS8 0-45 deg | Angle of Z4S(Quad) offset -- (Linked with ZBSB) - (Linked with ZBS6)
BRRS 0.10- 20.00 | 05- 1000 Q |Blinder for ZS reverse (R) 510/255 510/255
BRRSA 75 (fixed) deg |Angle of BRRS - =
BRLS 0.10- 2000 | 05- 1000 Q  |Blinder for ZS reverse (R) -- (Linked with BRRS) - (Linked with BRRS)
BRLSO 05 (fixed) deg |Angle of BRLS = _
ZNDS 0.01-50.00 | 0.1- 2500 Q |znps 10.00/50.0 10.00/800
BNDS [ 010-2000 [ 05-100 | @ Jalinderforznos 1200/600 1200/600
TZ1S 0.00- 10.00 s |z1s timedelay tip 0.00 0.00
TZ2S 000- 10.00 s |z2s backup trip timer 030 030
TZFS 0.00- 10.00 S | zFs backup trip timer 035 0.35
TZ38 0.00- 10.00 S |z3s backup trip timer 040 040
TZR1S 0,00- 10.00 s |ZR1S backup trip timer 050 050
TZR2S 0.00- 10.00 s | zres backup trip timer 060 060
TZNDS 0.00- 10.00 S |Non-directional zone trip timer 070 0.70
21G_ | 001-5000 [ 010-2000 [ Q [z1Greactance 1.60/800 1.60/800
Z1IXG 0.01-50.00 | 0.10- 250.00 Q | z1XGreactance 240/12.00 240/12.00
21691 0-45 deg | z1Gangle with reference to an X-axis 0 0
71662 45-90 deg Angle for Z1G hooked point with reference to 0 0
an Raxis
BFR1G 0.10- 20.00 05-100.0 Q  |Blinder for 21S foward ( R) 510/255 510/255
BFRXG 0.10-20.00 05-100.0 Q  |Blinder for 1XS forward ( R) 510/255 510/255
22G 0.01-50.00 0.10- 250.00 Q | 2Greactance 4.00/20.00 4.00/20.00
BFR2G 0.10-20.00 05-100.0 Q  |Blinder for 22S forward ( R) 510/255 510/255
ZFG 0.01- 100.00 0.1- 5000 Q |ZFGreactance 6.00/30.00 6.00/30.00
BFRFG 0.10- 20.00 05-100.0 Q  |Blinder for ZFS forward ( R) 510/255 510/265
Z3G 0.01-100.00 0.1-500.0 Q |zGmho 8007400, 8.00/400
2360 45- 90 deg |Line angle for Z3S(Mho) element 85 8
7BGO 0-45 deg | Angle of direction(Quad) element 30 30
BFRG 0.10- 20.00 | 05-100.0 Q  |Blinder for ZGforward ( R) 510/ 258, 510/255
BFRGO 75 (fixed) deg |Angle of BFRG - -
BFLG 0 (fixed) Q  |Blinder for ZG forward (R) = -
BFLGO - 135 deg |Angle of BFLG 120 120
ZR1G 0.01-50.00 0.1-2500 Q |R1Greactance 200/100 200/100
ZR2G 0.01-100.00 0.1- 5000 Q  |zRoGreactance 4.00/200 4.00/200
Z4G 0.01-100.00 0.1-500.0 Q |zGmho 800/40.0 8.00/400
2468 45-90 deg  |Line angle for Z4G(Vho) element -- (Linked with Z3G8) -- (Linked with Z3G8)
248G 0-45 deg | Angle of Z4G(Quad) offset - (Linked with ZBG) - (Linked with ZBGB)
BRRG 0.10- 20.00 | 05-100.0 Q  |Blinderfor ZG reverse (R) 510/255 510/255
BRRGO 75 (fixed) deg |Angle of BRRG - -
BRLG [ 010-2000 | 05-1000 Q |Biinderfor ZGreverse (R - (Linked with BRRG) - (Liked ith BRRG)
BRLGO 105 (fixed) deg |Angle of BRLG - -
Krs 0- 1000 % | zero phase curent factor: Selfline "ROIR1" 340 340
Ks 0- 1000 % | zero phase cugnt factor: Self lime*X0/x1" 340 340
Krm 0- 1000 % Zemojphase cument factor: Adjacent line 30 300
"Rom/R14
Kem 0- 1000 % Zerofphase cument factor: Adjacent line 300 300
"Xom/X1"
KrsR 0- 1000 s ] Zero Phase current factor for ZR element: Self 100 100
line "RO/RT"
KSR 0- 1000 % Zero phas€ eurrent factor for Zr element: Self 100 100
lipe "X0/X1"
ZNDG 0.01-100.00 | 0.1- 5000 Q |zNpe 10.00/50.0 10.00/50.0
BNDG 010-2000 [ 05-1000 Q. |Blinder for 2NDG 12007600 1200/600
TZ21G 0.00- 10.00 s |z1Gtimedelaytip 0.00 000
T22G 0,00~ 10.00 s | z2Gbackup trip timer 030 030
TZFG 0.00:10.00 s | zFGbackup trip timer 035 035
TZ3G 0.00- 10.00, s | z3Gbackup trip timer 040 040
TZR1G 0.004,10.00 s |zR1Gbackup trip timer 050 050
TZR2G 0/00- 10.00 s | zRoG backup trip timer 060 0.60
TZNDG 0.00- 10.00 S |Non-directional zone trip timer 070 0.70
ZIC 000-500, [ 4000-1.00 A |cnarging current compensation 000 0.00
Vn 100- 120 V' |Rated wltage 110 110
ZPCC 0.8 (Sensitivity ratio) Zoro phase current - -
ocG 0.2 (fixed) 0.04 (fixed) A ] compensation controller - -
PSBSZ 0.50515.00 25-750 Q | Power swing block for Ph-Ph 200/100 200/100
PSBGZ 0.50- 15.00 25-750 Q | Power swing block for Ph-G 200/100 200/100
210 RSBRO 75 (fved) deg |ditto - -
211 PSBLO 105 (fired) deg [dito - -
212 TPSB. 20- 60 M5 |PS detection timer 40 40
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Renge Default setting (1A rating / 5Arating)
Ne Narre Units 1CB-ARC 1CB-ARC 2CB-ARC User
2TERM [ 3TERM 2TERM | 3TERM | 2TERM | 3TERM Setingyy)
5A rating 1A rating 214 216 | 24 26 21 [ 311 [ 3 323
213 OST | OSTR1 | 30-300 15- 150 Q Jout of step relay 51/25 51125
IEZ OSTR2 | 10-100 5-50 Q [ato 25112 25112
[ 21 OSTXF | 10-500 5-250 Q [ato 60/30 60/30
[ 21 0SB | 02-100 1-50 Q [ato 10/5 10/5
217 TOSTH 001- 100 s |ato 0.04 004
EC TOST2 001-100 s aito 004 004
219 OCH 20-150 | 04-30 A [overourent element 60712 60712
20| TSOTF 0-300 s |CB open detect timer for SOTF 5 5
21 CBF | OCBF 05-100 | 01-20 A [owrcurent clement 40708 40708
| 22| TBF1 50- 500 ms | car timerfor re-tip 150 150
= TBF2 50- 500 s |CBF timer for related trip 200 200
224 OCD 0.5 (fed) 0.1 (fixed) A |cur. change detector - -
25 OCCR 04 (fred) 008(fed) | A |ocelement - -
26| DEF | DEFFI 05-50 010-100 | A |Directional earth fault element 10/020 107020,
B DEFFV 17-210 V |aito 20 20
EE DEFRI 05-50 | 010-100 A Jato 10/020 107020
729' DEFRV 17-210 V [ato 20 20
BE DEF6 0-9 deg [aitto & 5
251 DEF | TDEF 0.00-10.00 s | Forward definte timer 300 300
| 22| BU-rip | TDER 0.00- 10.00 s JReverse definite timer 300 300
28 oC oC 05-1000 | 01-200 A Joc element 60/12 60/12
EE TOC 0.00- 1000 s |ato 300 300
26| OCI oCl 05-250 | 010-50 | A |iowr oCelement 10/020 10/020
[ 236 ToC! 0.05- 100 ~ oo 050 050
E TOCIR 00- 100 s | oc defrite fime reset delay 00 00
28 EF EF 05-50 | 010-100 A JEarth fault OC element 10/020 10/020
EE TEF 0.00- 1000 s |ato 300 300
20 EFI EFI 05-50 | 010-100 | A [iDMI earth fault O clement 10/020 10/020
[ 24| TEFI 0.05- 100 [ 050 050
242 TEFIR 00- 100 s JEF definite time reset delay 00 00
243 EFL 05-50 | 0.10- 1.00 A |EF element for ZG fail safe 1.0/0.20, 10/020
24| uvC uvev 10-60 v |Undenoltage element with current 48 48
compensal\on
[ 24 UVCZ 00-500 | 00-2500 Q [ato 20/100 207100
24| UVCo 25-90 deg [aitto 8 85
[ 247] UVCKrs 0- 1000 % it — (LinkedWith Krs of ZG) — (Uinkedwith Krs of ZG)
|24 UVCKs 0- 1000 % |aito Z(Giked vith s of ZG) — (Linkedvith Ks of ZG)
249 ovG 20 (fired) V' Jov element - -
250) UVFS 50- 100 V' Juv phph element 8 88
251 ULS 50- 100 V' Juv phph element 1" level 77 77
257 UG 10- 60 VUV phrg element 51 51
253 UWLG 10-60 V' Juv phg element "L" level 45 45
254 UVPWM 30 (fixed) V' JuV for positive weak infeed - _
256 GCDP 05-100 | 01-20 A Jcur. change detector for fault under PSB 40708 40708
25| OVS ovst 50- 1500 V' Jovs1 element 1200 1200
E TOSTI 0.05- 10000 — Jovst v timer 1000 1000
IE TOSt 0.00- 30000 s |ovs1 efinite timer 0.10 0.10
E TOSTR 00-300 s _|ovst defnit tife reset delay 00 00
[ 260 GS1DP 10-9 % |ovs1 boPU o % %
261 ovs2 50- 1500 V_Jovszegment 1400 1400
[ 262] ToS2 0.00- 30000 s |ovszaemntetimer 0.10 0.10
EE 0S2DP 10-98 % |ovS2 0oPU riia % %
264 OVG | OvGl 50- 1500 v [oveteement 700 700
% TOG1I 0.05- 100.00 = lovGt IDMT fimer 10.00 10.00
[ 260 TOG 0.00- 30000 s [ovGngeniite timer 0.10 010
[ 267] TOGIR 00-3000 S |oyot defnite ime reset delay 00 00
E OGIDP 10-98 % |ove1 poru rtio % %
[ 269 VG2 50- 1500 V_ [0Ve2 element 800 800
EQ TOG2 0.00- 30000 5 |ovez definite timer 010 010
EZ 0G2DP 10-98 % |ovez boPu atio % %
272 UVS uvst 5.0%,150.0 V' Juvs1 element 60.0 60.0
IEE TUSTI 0.05- 10000 — Juvst 1DV timer 1000 1000
[ 274 TUS 0.00-,300.00 s |ws1 definite timer 010 010
[ 27 TUSTR 00-3000 s Juvs1 definite time reset delay 00 00
EE V2 50- 1500, Vv Juvs2 element 200 200
277 TUS2 0.00- 30000 s Juvs2 definite timer 010 010
EE VSBLK 50200 V[ uvs blocking threshola 100 100
219 WG | VG 50- 1500 VoGt element %0 %0
Tﬂ) TUGH 0.05- 100.00 — Juvet IDVT timer 10.00 10.00
E TUG1 0.00- 300.00 s JuveGt definite timer 0.10 010
2] TUGIR 00- 3000 s |UvG1 definite ime reset delay 00 00
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Rarge Default setting (1A rating / 5Arating)
e Nere Units 1CB-ARC 1CB-ARC 2CB-ARC User
2TERM [ 3TERM 2TERM | 3TERM | 2TERM | 3TERM Setingyy)
5Araing | 1Ardling 214 216 | 24 226 21 | 2 311 |
283 UVG2 50- 1500 Vv Juve element 20 20
E TUG2 0.00- 30000 s Juve definite timer 010 010
28] VGBLK 50- 200 Vv Juvebiocking threshold 100 100
| 28] BCD BCD 010-1.00 — |Broken conductor threshold 0.0 020
287 TBCD 0.00- 300.00 s |scp definite timer 1.00 100
288] Thermdl [ THM 20-100 [ 040-200 A_JThemal overioad setting 50/100 50/10
E THVIP 00-50 | 000-100 A |Prioricad setting 00/000 00/000
_ZX) TTHM 05-3000 min |Themal Time Constant 100 100
[ 29| THVA 50-9 % |Themal alamn setting 80 8
297 DOCNI | 40(fed) 08 (fxed) A - -
= "™ [ooow 6 <ﬁ|>ed) T iabietieid - -
29| TDEFF 0.00-0.30 s | DEF canier trip delay timer 0.15 015
295| TDEFR 0.00-0.30 s |dito 0.15 0.15
296 TCHD 0-50 ms | coordination timer 12 12
207| TCHDE 0- 100 ms | Extend coordination timer - - 2, I ~ 20
298] TREBK 0.00- 1000 s Jcurent reverse blocking time 010 010
299 TECCB 0.00- 200.00 s |Echo enable timer from CB opened 0.10 010
30| TSBCT 0.00- 1.00 s |SBONT timer 0.10 010
wi| Asrediosemse | (O DseHe- SR~ TPAR [utoreciosing mode SPARSTPAR SPARRTPAR
EEES ONE-O1-2-L1-12 — JARC mode for 1.5CB system - - | u
38 ARCEXT Off - On — |arcinitiated byext. ip off off
304 ARC-DEF Off- On — |aRrcbyDG can. tip Off off
305 ARC-BU Off-On — JARC bybackup tiip Off off
306 VCHK I ;22 ow-off;wl-BL;? E):T = — |reAR condition LB LB I L;B-W
307 ARC-SM Off - S2- S3- S4 —Jmuti. shot ARG mode Off off
308 ARC-SUC Off-On — JARC success reset Off Off
308 VTPHSEL A-B-C — VT phase selection A A
309 VT-RATE PH/G - PHPH — VT rating PHIG PHIG
309 3PH-VT Bus- Line — J3ph. VT location Line Line
310) UARCSW P1-P2-P3 — JuserArc switeh NA NA
[ 310] TEWLV 0.01-10.00 S |Dead timer reset timing 030 030
311 TRDY1 5-300 s [Rectaim timer 80 %
312 TSPR 001- 1000 s |sPaR dead line timer 080 080
313 TTPR1 001- 100.00 s |TPAR dead line timer 060 060
314 TRR 0.01-100.00 S JARC reset timer 200 200
315) TWI 01-100 s JARC output puise timer 02 02
314 TRDY2 5-300 s [Rectaim timer - - &0
317] TSPR2 001- 1000 s |SPAR dead line timer - - 080
318 TTPR2 0.1- 100 s |ARC timing for follower CB - - 01
319 ™2 0.1-100 s |ARC reset timer - - 02
320 TS2 50- 3000 s Jmuiti. shot dead timer 200 20
321 TSR 5.0-3000 S |Multi. shot reset timer 300 300
32| TS3 50- 3000 s |t shot dead timer 200 20
323 TSR 50- 3000 s Jmuiti. shot reset timer 00 300
324 TS4 50- 3000 s Jmuiti. shot dead timer 200 20
325 TSR 50- 3000 s Jmuti. shot reseidimer 300 300
_326' TSUC 0.1-100 S ]ARC success feset timer 30 30
[ 327 OVB 10- 150 Vv Jov element 51 1
328 UvB 10- 150 V- Juv element 13 s
329 oWt 10- 150 V  |ovelement 51 51
330| UVL1 10- 150 VvV Luvelement 13 13
B[ SN | syiuv 10- 150 V. [synchro. cheekwv) 83 83
3] SY10V 10- 150 V' [Sméneo. check (ov) 51 51
E SY18 5-75 deg |synchro. check (ph. diff.) 30 3
334 TSYN1 0.01-10.00 S |Synchronism check timer 1.00 100
E TDBL1 001-1.00 s |véitage check timer 0.05 005
336 TLBD1 001-1.00 S |Voltage checktimer 005 005
337 T3PLL 001-1.00 s Jthree phase live line checktimer 0.05
339 ov2 105,150 V' Jov element - - 5
339 uv2 10- 150) V' Juv element -- - 3
30 SN2 | syauv 10 150 V' Isynchro. check (Uv) - - &
E SY20V 10- 150 V. |synchro. check (ov) - - 5t
| 342 SY20 5-75 deg |synchro. check (ph. diff.) - - kY
E TSYN2 0.01- 1000 s |synchronism check timer - - 1.0
EZ TDBL2 00141.00 s |Voitage check timer -- - 005
45| TLBD2 001-1.00 s [Vvoitage check timer - - 005
36| BISWI Norm- Inv — [ginaryinput Norm Norm
347 BISW2 Norm- Inv — aito Norm Norm
4| BISW3 Norm- Inv — Jaitto Norm Norm
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Range Defauit setting (1Arating / 5Arating)
Ne Nare Urits Conterts 1CB-ARC 1CB-ARC 2CB-ARC User
2TERM | 3TERM 2TERM | 3TERM [ 2TERM | 3TERM Setingpy!
5Araing | 1Arating 214 216 | 24 26 211 | 311 [ s 323
349 BISWA Norm- Inv — ditto Norm Norm
350} BISWS Norm- Inv — |ditto Norm Norm
351 BISW6 Norm- Inv — lditto Norm Norm
352 BISW7 Norm- Inv — |ditto Inv Norm
353] BISW8 Norm- Inv — Taito Inv Norm
354' BISWo Norm- Inv — |ditto Norm Norm
355 BISW10 Norm- Inv — lditto Norm Norm
356 BISWA1 Norm- Inv — ditto Norm Norm
357 BISWA2 Norm- Inv — |ditto Norm Norm
358 BISW13 Norm- Inv — |ditto - Norm
359 BISW14 Norm- Inv — ditto - Normd
360) BISW15 Norm- Inv — lditto - Norm
361 BISW16 Norm- Inv — |dito Norm Norm
362} BISWA7 Norm- Inv — lditto Norm Norm
363] BISW18 Norm- Inv — ditto Norm Nerm
364} BISW19 Norm- Inv — |ditto Norm - Norm
365} BISW20 Norm- Inv — |ditto Norm -~ Norm
366 BISW21 Norm- Inv — lditto Norm - Norm
367| BISW2 Norm- Inv — ditto Norm -
369 BISW23 Norm- Inv — |ditto Norm -
369 BISW24 Norm- Inv — lditto Norm -
370) BISW25 Norm- Inv — ditto Norm -
3n BISW26 Norm- Inv — lditto - Norm - Norm -
372 BISW27 Norm- Inv — |ditto - Norm - Norm, -
373 BISW28 Norm- Inv — lditto - Norm - Norm -
374) BISW34 Norm- Inv — |ditto - Norm -2 Norm - Norm
375 BISW35 Norm- Inv — |ditto - Norm - Norm: - Norm
376 BISW36 Norm- Inv — lditto - Norm - Norm - Norm
377l LED1 | Logic OR- AND — |c LEDs OR OR
[ 379 Reset Irst- Latch = Tnst Tnst
E In#l 0-3071 _ 2816 0
EX n#2 0-3071 - 0 0
EX In#3 0- 3071 = 0 0
E2 In# 0-3071 _ 0 0
33| LED2 | Logic OR- AND — Jconfigurbie LeDs R R
EZ Reset Irst- Latch — Tnst Tnst
ES In#l 0- 3071 = 2817 0
E In#2 0-3071 _ 0 0
KEZ n#3 0-3071 - 0 0
EZ In# 0-3071 = y 0 0
380| LED3 | Logic OR- AND — configurable LEDs OR xR
E Reset Irst- Laich B g Tnst Tnst
El In#l 0-3071 — T 218 0
E n#2 0- 3071 = T 0 0
E n#3 0- 3071 e - 0 0
[ 34 In#a 0-3071 - 7 9 0 0
3% LED4 Logic OR-AND e [© LEDs OR OR
EX Reset Irst- Latch = i\ 4 Tnst Tnst
E In# 0- 3071 B [ ) | 21 0
EZ n#2 0-3071 Bl y 0 0
E n#a 0- 3071 = R 0 0
400 In#4 0- 3071 — 1.0 9 0 0
401 Plant name Specified by user » APlantname Specified by user Specified by user
402} Description ditto 2 Jvemorandumifor user Specified by user Specified by user
200 HDLC [ = [Relayin Nosfor Rsm 1 !
404 IEC 0-254 — |Station address for IEC103 2 2
405 SYADJ -9999- 9999 ms | Time sync. Compensation 0 0
409 1P1-1 0-254 — |8 Address Specified by user Specified by user
407 IP1-2 0-254 — |ip Address Specified by user Specified by user
408 1P1-3 0-254 — [P Address Specified by user ‘Specified by user
409) 1P1-4 0254 — i Address Specified by user ‘Specified by user
40 SM1-1 0-255 — Tsubnet Mask ‘Specified by user Specified by user
41 SM1-2 0-255 — [subnet vask Specified by user Specified by user
412 SM1-3 025 — Tsubnet Mask Specified by user ‘Specified by user
413 SM1-4 0-25 — Jsubnet Mask Specified by user ‘Specified by user
414 Gwi-1 0-254 — | Gateway Address Specified by user Specified by user
415 GWI-2 0-254 — Jcateway Address Specified by user ‘Specified by user
419 GWI-3 0-254 — Jcateway Address Specified by user ‘Specified by user
417] GWI-4 0-254 — Jcateway Address Specified by user Specified by user
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Rarge Default setting (1A rating / 5Arating)

N N Units 1CB-ARC 1CB-ARC 2CB-ARC User

2TERM 3TERM 2TERM | 3TERM [ 2TERM | 3TERM Setinggyl
SAraing | 1Araling 214 216 24 26 2o | 2 I EES 323

[ 41g] PRTCL1 HDLC - [EC103 — [t Communication protocol 1

419) 232C 06-192-384-576 — Jrs232¢ baud rate 96 96

420 IECBR 96- 192 — JIEC60870-5-103 baud rate 192 192

421 IECBLK Normal - Blocked — | onitor direction blocked Normal Normel

422 Fault locator Off-On — JFL function use or not On On

423 BITRN 0-128 — |Number of bi-trigger (on/off) events 100 100

424 Time 0.1-30 s |bistubance record 1 1

425 OCP-S 05- 2500 | 0.1-500 A _Joc element for disturbance 100/20 100/20

420) OCP-G 05-2500 | 01-500 A Jrecoerinitiation 50/10 50/10

4271 UVP-S 0-132 V. Juv element for disturbance 8 8

428) UVP-G 0-76 V' Jrecorderinitiation 51 51

429 TRIP Off - On —]oistutance trigger On Ot

43| OCP-S Off- On — Jaito On ol

431 OCP-G Off- On — Jaito On on

43| UVP-S Off-On — Jaito On o

433 UVP-G Off- On — Jaito On on

434 Cm"‘gﬁ:‘;’mm‘ 1-24 hrs | carier testing timer 8 8

43| Displayvalue Primery- Secondary — |metering Primery Primery

26 Power(PIQ) Send- Receive — Jvetering Send Send

431] Current Lag - Lead — Jweteing Lead Lead
= Time sync Off - IRIG- RSM - IEC - RMT — Jrime_ Off Off

439 GMT -12-+12 frs_Jrime 0 0
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Event record default setting

No. Name Range Unit Contents Default sefting User setting
Sig. NO. Signal name type
1 EV1 0-3071 — |Eventrecord signal 1536 CB1A On/Off
2 EV2 0-3071 — |ditto 1537 CB1B On/Off
3 EV3 0-3071 — |ditto 1538 CB1C On/Off
4 EV4 0-3071 — |ditto 1552 CB2A On/Off
5 EV5 0-3071 —  |ditto 1553 CB2B On/Off
6 EV6 0-3071 — |ditto 1554 CB2C On/Off
7 EV7 0-3071 — |ditto 1542 DS On/Off
8 EV8 0- 3071 — |ditto 9 COM .block On/Off
9 EV9 0-3071 — |ditto 1545 CB1 ready On/Off
10 EV10 0-3071 — |ditto 1546 CB2ready On/Off
1 EV11 0-3071 — |ditto 1547 ARC block On/Off
12 EV12 0-3071 — |ditto 1548 Ind.reset On/Off
13 EV13 0-3071 — |ditto 1549 Ext.M.trip On/Off
14 EV14 0-3071 — |ditto 1550 Ext.M.prot. On/Off
15 EV15 0-3071 — |ditto 1556 Exttrip A On/Off
16 EV16 0- 3071 — |ditto 1557 Ext.trip B On/Off
17 EV17 0-3071 — |ditto 1558 Ext.tripC On/Off
18 EV18 0-3071 — |ditto 238 Trip On/Off
19 EV19 0-3071 — |ditto 291 CB1ARC On/Off
20 EV20 0-3071 — |ditto 292 CB2ARC On/Off
21 EV21 0-3071 — |ditto 172 VTF On/Off
22 EV22 0-3071 — |ditto 176 PSB On/Off
23 EV23 0-3071 — |ditto 253 Chfail On/Off
24 EV24 0- 3071 —  |ditto 254 Relay fail ©n/Off
25 EV25 0-3071 — |ditto 1268 VO err On/off
26 EV26 0-3071 — |ditto 1269 V2'erh On/Off
27 EV27 0-3071 — |ditto 1267 10 err On/Off
28 EV28 0-3071 — |ditto 257 D Sail On/Off
29 EV29 0-3071 —  |ditto 908 Com! fail On/Off
30 EV30 0-3071 — |ditto 904 Syned fail On/Off
31 EV31 0-3071 — |ditto 924 Com2Tail On/Off
32 EV32 0- 3071 — |ditto 920 Sync2 fail On/Off
33 EV33 0- 3071 — |ditto 901 Term1 rdy On/Off
34 EV34 0-3071 — |ditto 917 Term2 rdy On/Off
35 EV35 0-3071 — |ditto 884 BU car mode On/Off
36 EV36 0-3071 — |ditto 880 Severe CF On/Off
37 EV37 0-3071 —  |ditto 1513 RYID1 err On/Off
38 EV38 0-3071 — |ditto 1514 RYID2 err On/Off
39 EV39 0-3071 — |ditto 1511 Td1 over On/Off
40 EV40 0-3071 — |ditto 1512 Td2 over On/Off
41 EV41 0-3071 — |ditta 9207 CLK1 fail On/Off
42 EV42 0-3071 — |ditto 923 CLK2 fail On/Off
43 EV43 0-3071 —  |dittoy 905 TXlewel1 err On/Off
44 EV44 0-3071 —, [ditta 921 TXlewel2 err On/Off
45 EV45 0-3071 —  |ditto 906 RXlewel1err On/Off
46 EV46 0-3071 —a| ditto) 922 RXlewel2 err On/Off
47 EV47 0-3071 — |ditte 909 Com1 fail-R On/Off
48 EV48 0- 3071 = |ditto 925 Com2 fail-R On/Off
49 EV49 0- 3074 — [ditto 1258 Relayfail-A On/Off
50 EV50 0- 3071 £\ |ditto 1438 Data lost On/Off
51 EV51 03,3071 & |ditto 1266 CTerr On/Off
52 EV52 0- 3074 — |ditto 0 On/Off
53 EV53 0~ 3071 — |ditto 0 On/Off
54 EV54 0-3071 — |ditto 0 On/Off
55 EV55 0-8071 — |ditto 0 On/Off
56 EV56 0-3071 — |ditto 0 On/Off
57 EV57 0-3071 — |ditto 0 On/Off
58 EV58 0-3071 —  |ditto 0 On/Off
59 EV59 0-3071 — |ditto 0 On/Off
60 EV60 0-3071 — |ditto 0 On/Off
61 EV61 0-3071 — |ditto 0 On/Off
62 EV62 0-3071 — |ditto 0 On/Off
63 EV63 0-3071 — |ditto 0 On/Off
64 EVe4 0- 3071 — |ditto 0 On/Off
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Event record default setting

No. Name Range Unit Contents Defaut setting User setting
Sig. NO. Signal name type
65 EV65 0- 3071 —  |ditto 0 On/Off
66 EV66 0-3071 —  |ditto 0 On/Off
67 EV67 0- 3071 —  |ditto 0 On/Off
68 EV68 0-3071 —  |ditto 0 On/Off
69 EV69 0- 3071 —  |ditto 0 On/Off
70 EV70 0- 3071 —  |ditto 0 On/Off
7 EV71 0- 3071 —  |ditto 0 On/Off
72 EV72 0- 3071 —  |ditto 0 On/Off
73 EV73 0- 3071 — |ditto 0 On/Off
74 EV74 0- 3071 — |ditto 0 On/Off
75 EV75 0- 3071 —  |ditto 0 On/Off
76 EV76 0-3071 — |ditto 0 On/Off
77 EV77 0-3071 —  |ditto 0 On/Off
78 EV78 0-3071 —  |ditto 0 On/Off
79 EV79 0- 3071 —  |ditto 0 On/Off
80 EV80 0- 3071 —  |ditto 0 On/Off
81 EV81 0- 3071 — |ditto 0 On/Off
82 EV82 0- 3071 —  |ditto 0 On/Off
83 EV83 0-3071 —  |ditto 0 On/Off
84 EV84 0- 3071 —  |ditto 0 On/Off
85 EV85 0- 3071 —  |ditto 0 On/Off
86 EV86 0- 3071 — |ditto 0 On/Qff
87 EV87 0- 3071 —  |ditto 0 OnlOff
88 EV88 0- 3071 — |ditto 0 On/Off
89 EV89 0- 3071 — |ditto 0 On/Off
90 EV90 0-3071 — |ditto 0 On/Off
91 EVO1 0- 3071 — |ditto 0 On/Off
92 EV92 0- 3071 — |ditto 0 On/Off
93 EV93 0- 3071 — |ditto 0 On/Off
% EV4 0- 3071 — |ditto 0 On/Off
95 EV95 0-3071 — |ditto 0 On/Off
96 EV96 0- 3071 — |ditto 0 On/Off
97 EV97 0-3071 — |ditto 0 On/Off
98 EV98 0- 3071 —  |ditto 0 On/Off
9 EV99 0- 3071 — |ditto 0 On/Off
100 EV100 0- 3071 — |ditto Q On/Off
101 EV101 0- 3071 — |ditto 1243 SET.GROUP1 On
102 EV102 0-3071 —  |ditto 1244 SET.GROUP2 On
103 EV103 0- 3071 —  |ditto 1245 SET.GROUP3 On
104 EV104 0- 3071 — |ditto 1246 SET.GROUP4 On
105 EV105 0- 3071 — |ditto 1247 SET.GROUP5 On
106 EV106 0- 3071 — |ditto 1248 SET.GROUP6 On
107 EV107 0-3071 — |ditto 1249 SET.GROUP7 On
108 EV108 0- 3071 —  |ditte 1250 SET.GROUP8 On
109 EV109 0-3071 —|ditto 1448 Sys. Set change On
110 EV110 0- 3071 — | ditto, 1449 Rly. Set change On
111 EV111 0-3071 — |ditto 1450 Grp. Set change On
112 EV112 0- 3071 5 |ditto 0 On
113 EV113 0- 3071 —ditto 0 On
114 EV114 0- 3071 4 |ditto 0 On
115 EV115 0,- 3071 # |ditto 0 On
116 EV116 0-3071 — |ditto 0 On
117 EVA7 0)- 3071 — |ditto 0 On
118 EV118 0- 3074 — |ditto 0 On
119 EV119 0- 3071 — |ditto 1445 PLC data CHG On
120 EV120 03071 — |ditto 0 On
121 EV121 0- 3071 — |ditto 1409 LED RST On
122 EV122 0- 3071 — |ditto 1435 F.record CLR On
123 EV123 0- 3071 — |ditto 0 On
124 EV124 0- 3071 — |ditto 1436 Erecord CLR On
125 EV125 0- 3071 — |ditto 1437 D.record CLR On
1260) EV126 0-3071 — |ditto 0 On
127 EV127 0- 3071 — |ditto 0 On
128 EV128 0-3071 — |ditto 0 On
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Disturbance record default setting

. Default setting Model Default setting Model
No.| Name Range | Unit Contents
NO. | signalname | 214 | 216 | 224 | 226 NO. | signalname [ 211 | 221 | 311 | 321 | 823

1] SIGT | 0-3071 | — [ e 235 TRPA 1Y 1Y |° 1Y 235 TRPA 1Y 1Y 17 1% 1"
2| sig2 | 0-3071 | — ]ditto 236 TRIP-B v v v v 236 TRIP-B v v v Y v
3| siga | 0-3071 | — ditto 237 TRIP-C v v v v 237 TRIP-C v v v vl Y
4| siga | 0-3071 | — Jditto 291 ARC1 v v v v 291 ARC1 v v v v v
5| sigs | 0-3071 | — ditto 0 NA - - - - 292 ARC2 -- - 1Y v
6 | sige | 0-3071 | — |ditto 194 BU_TRIP v v v v 194 BU_TRIP v v v v
7| sic7 | 0-3071 | — |ditto 231 CAR TRIP |V v v v 231 CAR TRP |V v v v
8 | sigs | 0-3071 | — ditto 342 Z1_TRIP v v v v 342 Z1_TRIP v A v v

9] siGo | 0-3071 | — |ditto 343 ZAX_TRIP v v v v 343 Z1AX_TRIP v V. Y v
10| sic10] 0-3071 | — Jditto 347 | z2+z3+zr1 |V v v v 347 | z2+z3+zR1 [¥ v v
11] siG11] 0-3071 | — [ditto 349 |EF/DEF_ALARM| Y v v v 349 |EF/DEF_ALARM| Y v v v
12] sig12] 0-3071 | — ]ditto 328 | oC_BU-TRIP [V v v v 328 | oc_BU-TRIPA[ Y Ve v v
13] sic13 | 0-3071 | — ]ditto 350 | soTF+sTUB [V v v v 350 | soTr+sTUB. | ¥ W v v
14| sig14 | 0-3071 | — ]ditto 176 PSB DET [V v v v 176 PSB DET [Y v v v
15[ siG15| 0-3071 | — ]ditto 203 OST TRIP |V v v v 203 osT_TRIPR] ¥ v v v
16 ] siG16 ] 0-3071 | — Jditto 800 | ciR SEND-A |V v v v 800 | C/RESEND-A | v v v
17| SIG17] 0-3071 | — |ditto 801 | C/R_SEND-B | ¥V v v v 801 | C/R _SEND-BL] ¥ v v v
18| sig18 | 0-3071 | — [ditto 802 | C/R_SEND-C [V v v v 802 |/C/R'SEND-C [ ¥ v v v
19] sig19] 0-3071 | — Jditto 803 | c/R_SEND-s | V v v v 803 JU'c/R_SEND-s | V v v v
20| sic2o| 0-3071 | — Jditto 816 CAR-R-R1 v v v v 816, CARR-R1 [V v v v
21| sig21] 0-3071 | — Jditto 820 CAR-R-R2 - - |V v 820 CAR-R-R2 - 1Y -- v
22| siG22| 0-3071 | — |ditto 1536 | CB1_CONT-A | v v v Y, 1540 Z1X_INIT v v v v
23| siG23] 0-3071 | — Jditto 1537 | cB1_CONT-B | ¥ v v Vol 1536,}¢CB1 CcONT-A | V v v v
24| siG24 ] 0-3071 | — ]ditto 1538 | cB1 CONT-C | ¥ v v v 4537 ] cB1 CONT-B | ¥ v v v
25| sIG25| 0-3071 | — |ditto 1542 | DS_N/O_CONT[ ¥V v Y v 1538 | CB1_CONT-C [V v v v
26| sig26 ] 0-3071 | — Jditto 1545 | cB1 READY | ¥ v v v 1542 | DS_N/O_CONT[ v v v v
27| sic27] 0-3071 | — Jditto 0 NA - - 4 = 1545 | cB1_READY | VY v v v
28| sig2s | 0-3071 | — Jditto 0 NA - - X —- 1546 | CB2_READY | -- - 1Y v
29| siG29 | 0-3071 | — |ditto 0 NA - - - o 1552 | CB2_CONT-A | - 4 v
30| sigao| 0-3071 | — Jditto 0 NA - - - - 1553 | cB2_ CONT-B | - - |V v
31| siG31] 0-3071 | — Jditto 0 NA - b - - 1554 | cB2_CONT-C | - - 1Y v
32] siga2| 0-3071 | — Jditto 0 NA - A 3 - 0 NA - - - -
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PLC default setting

PLC default setting

Output

Timing

Logic expression

Delay Time / Flip Flop

Cycle

Relay model

relay model

Flip Flop

Timer

Ne Signal

30 90 User

Turn|

2x1, 3x1, 323

2x4, 26

Norm

Filename: GRZ100-B1-04

Filename: GRZ100-B2-02

Back | Release
Up Signal

Off
Delay

Delay| Shot

One | Time Value

1536|CB1_CONT-A X

[513]BI11_COMMAND

1537 |CB1_CONT-B X

[514]BI2_COMMAND

1538|CB1_CONT-C

x

[515]BI3_COMMAND

1539

1540 [Z1X_INIT

[524]B1172_COMMAND

1541 [EXT_VTF

[518]BI6_COMMAND

1542|DS_N/O_CONT

[519]BI7_COMMAND

1543|DS_N/IC_CONT

[520/B18_COMMAND

1544 |ARC_BLOCK

[199]CBF_DET+{203]0ST_TRIP691]THM_TRIP+{791]PSBTP_TRIP+832]TR1_TRIP+{840] TR2_TRIP+{767]BCD TRIP+{993]OV/UV TRIP

1545|CB1_READY

[522]B110_COMMAND

[539]B127_COMMAND

1546 |CB2_READY

[523]B111_COMMAND

1547 |ARC_RESET

[524]BI12_COMMAND

[538]B126_COMMAND

1548 |IND.RESET

[525]B113_COMMAND

[522]B110_COMMAND

1549 |M-PROT_TRIP

[526]BI14_COMMAND

XX X XX X X| x| X|X| X

1550 |M-PROT_ON

[527]B115_COMMAND

XXX XX X X X| X X| X

1551

1552|CB2_CONT-A

x

[531]B119_COMMAND

x

1553|CB2_CONT-B X

[632]B120_COMMAND

1554|CB2_CONT-C X

[533]BI21_COMMAND

1555

1556 |EXT_TRIP-A X

[528]BI16_COMMAND

1557 |EXT_TRIP-B X

[529]B117_COMMAND

1558 |[EXT_TRIP-C X

[530]B118_COMMAND

1559

1560 |EXT_CBFIN-A X

[528]B116_COMMAND

x

1561 |EXT_CBFIN-B

[529]B117_COMMAND

1562 |EXT_CBFIN-C X

[530]B118_COMMAND

1564 |ARC_BLOCK1

x

1565|ARC_BLOCK2

1568 [EXT_CAR.R1-1

1569 [EXT_CAR.R1-2

[1288]BI5_COM_UF

1570 |OPEN_TERM-R1|

x| x| x| x

1571|SEVERE_CF-R1

x| x| x| x

1584 |EXT_CAR.R2-1 X

1585|EXT_CAR.R2-2

[1288]BI5_COM_UF

1586 |OPEN_TERM-RJ]

1587 |SEVERE_CF-R2

[1170]SUB_COM3-R2

[1171]SUB_COM4-R2

1600 [PROT_BLOCK

[523]B111_COMMAND

CRT_BLOCK

[521]B19_COMMAND + [1513[RYID1_err + [1514]RYID2_err
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TOSHIBA 6F2S0834

PLC default setting
Output Timing Logic expression Delay Time / Flip Flop
Cycle Relay model relay model Flip Flop Timer |
Ne Sigral 30 | 90 User| Tum 2, 3, 323 24,26 Norm| Back R?'ease Off | On | One | ie Value
Filename: GRZ100-B1-04 Filename: GRZ100-B2-02 Up Signal | Delay| Delay| Shot
1605|PSB_BLOCK |
1606
1607
1608|OC-A_FS X 0 [1JCONSTANT _1
1609|0C-B_FS [1JCONSTANT 1
1610|OC-C_FS X 0 [1JCONSTANT _1 X
1611
1612|OCI-A_FS X 1 [1JCONSTANT _1 . X
1613|OCI-B_FS X 1 [1JCONSTANT 1
1614[0CI-C_FS X 1 [1ICONSTANT 1
1615|THMA_BLOCK
1616/21G_BLOCK X 0 [7151Z1CNT_TPBLK
1617|Z1XG_BLOCK
1618]z2G_BLOCK
161923G_BLOCK
1620{ZR1G_BLOCK
1621|ZFG_BLOCK
1622|STUB_BLOCK X - [536]BI24_COMMAND
1623[SOTF_BLOCK X - [537]BI25_COMMAND
1624|OCH_BLOCK
1625[0C_BLOCK X - [533]BI21_COMMAND
1626/0CI_BLOCK X - [531]B119_COMMAND
1627 |[EF_BLOCK
1628|EFI_BLOCK X - [532]BI20_COMMAND
1629|DEF_BLOCK X - [534]B122_COMMAND
1630[0ST_BLOCK \‘
1631|THM_BLOCK \
1632|Z1S_BLOCK X 0 [715Z1CNT_TPBLK A N X
1633[z1xs_BLOCK \‘
1634|228 _BLOCK
1635(23s_BLOCK = ‘
1636/ZR1S_BLOCK
1637 |ZFS_BLOCK
1638/ZR2G_BLOCK
1639|ZR2S_BLOCK
1640 |CBF_BLOCK A
1641|EXTTP_BLOCK X - BI23_ COMMAND X
1642[VTF_BLOCK =

N

1643|VTF_ALARM ayw
v
|
|

x
o

1644 [TR1_BLOCK
1645[TR2_BLOCK |
1646[ZNDG_BLOCK N
1647|ZNDS_BLOCK a0
1648/21S_G-BLK A‘
1649[STUB_CB X 1 [1ICONSTANT_1 y ) [101]CB-AND X
1650[OCHTP_ON X [708]SHOT_NUM2, HOT_NUMS + [710]SHOT_NUM4 + [711]SHOT_NUMS5 X
1651|PSB.F_RESET
1652|DEF_PHSEL-A
1653|DEF_PHSEL-B
1654|DEF_PHSEL-C

1655(21_ARC_BLOCK X 0 [7141Z1CNT_ARCBLK X
1656|22G-A_FS X 1 . ‘ [1JCONSTANT_1 X
1657(22G-B_FS X 1 [1ICONSTANT_1 X
1658]22G-C_Fs X 1 [1ICONSTANT_1 X
1659|Z1X_F.ENABLE

1660

1661

1662

1663

1664|ZFG-A_BLOCK X N [29123G-B X
1665(2FG-B_BLOCK X, [30]Z3G-C X
1666 |ZFG-C_BLOCK [28]Z3G-A X
1667 |

1668|ZNDG-A_COM X [6661ZNDG-AX X
1669|ZNDG-B_COM X [6671ZNDG-BX X
1670|ZNDG-C_COM X [668ZNDG-CX X
1671|zNDS_Ccom X [669]ZNDS-ABX + [670]ZNDS-BCX + [671]ZNDS-CAX X
1672|22G-A_BLOCK T’ [29]Z3G-B X
1673|22G-B_BIOCK X | [30j23G-C X

— 3711 —



TOSHIBA

6F2S0834

PLC default setting

Output Timing

Logic expression

Delay Time / Flip Flop

Cycle

Relay model

relay model

Flip Flop

Timer |

Ne Signal
30 90 User

Turn|

2x1, 3x1, 323

2x4, 26

Filename: GRZ100-B1-04

Filename: GRZ100-B2-02

Norm

Back
Up Signal

Release Off | On

One

Shot Time Value

Delay | Delay

1674|Z2G-C_BLOCK X

[28]Z3G-A

1675

1676

1677

1678

1679

1680 |TP-A_DELAY X

[623]TP-A

3
3

1681|TP-B_DELAY

x

[624]TP-B

1682|TP-C_DELAY X

[625]TP-C

1683 |ARC_OFF

1684[ARC_SPAR

1685(ARC_TPAR

1686 [ARC_S&T

1687 |ARC_EXT1P

1688 |ARC_EXT3P

1689

1690

1691

1692

1693

1694

1695

1696 [Z1_INST_TP X

[7121Z1CNT_INST

1697

1698(z2_INST_TP

1699|Z3_INST_TP

1700[ZR1_INST_TP

1701|ZF_INST_TP

1702 [EF_INST_TP

1703|OC_INST_TP

1704

1705|DEF_INST_TP

1706

1707 |DEFR_INST_TP

1708[zR2_INST_TP

1709|ZND_INST_TP

1710

171

1712|21_3PTP X

1713|Z1X_3PTP

1714|Z2_3PTP X

1715

1716|OC_3PTP X

1717|OCI_3PTP X

1718

1719

ONS 1

o i
.7 ICONSTANT_t

1720|CAR_3PTP

1721|DEFCAR_3PTP X

1722|PSBTP_3PTP X

[1JCONSTANT_1

[1JCONSTANT_1

1723

1724|TR1_3PTP

1725|TR2_3PTP

1726

1727 |3P_TRIP

1728|CAR-A-R1

[1088]COM1-R1

1729|CAR-B-R1

1730|CAR-C-R1

1731|CAR-S-R1
1732|DEFCAR-A-R1
1733|DEFCAR-B-R1

[1089]COM2-R1

[1090]COM3-R1

[1091]COM4-R1

[1092ICOM5-R1

[1093ICOM6-R 1

XX X| X x| x| X

1734|DEFCAR-C-R1
1735
1736
1737

[1094]COM7-R1

XX X| X X| X|Xx

1738

1739

1740|PSBCAR-A-R1

[1095]COM8-R1

1741|PSBCAR-B-R1

;lx

[1095[COM8-R1

x

1742|PSBCAR-C=R1

x

[1095]COM8-R 1
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6F2S0834

PLC default setting

Output

Timing

Logic expression

Delay Time / Flip Flop

Cycle

Relay model

relay model

Flip Flop

Timer |

Ne Signal

30 90 User

Turn|

2x1, 3x1, 323

2x4, 26

Filename: GRZ100-B1-04

Filename: GRZ100-B2-02

Norm

Back
Up

Release Off
Signal Delay

On

Delay

One

Shot Time Value

1743

1744|TR1-A-R1 X

[1096]COM&-R 1

1745|TR1-B-R1 X

[1096]COM9-R 1

1746|TR1-C-R1 X

[1096]COM&-R 1

1747

1748|TR2-A-R1 X

[1097]COM10-R1

1749|TR2-B-R1

x

[1097]COM10-R1

x

1750|TR2-C-R1 X

[1097]COM10-R1

1751

1752

1753

1754

1755

1756

1757

1758

~v

1759

1760|CAR-A-R2

[1136]COM1-R2

1761|CAR-B-R2

[1137]COM2-R2

1762|CAR-C-R2

[1138]COM3-R2

1763|CAR-S-R2

[1139]COM4-R2

1764|DEFCAR-A-R2

[1140]COM5-R2

1765|DEFCAR-B-R2

[1141]COM6-R2

XX X x| x| x| Xx

1766 |DEFCAR-C-R2

[1142ICOM7-R2

1767

1768

XX XX X| x| Xx

1769

1770

177

h

1772|PSBCAR-A-R2 X

[1143]COM8-R2

‘r’i.,

1773|PSBCAR-B-R2

x

[1143]COM8-R2

K N

x

1774|PSBCAR-C-R2 X

[1143]COM8-R2

1775

1776|TR1-A-R2 X

[1144]COM9-R2

1777|TR1-B-R2 X

[1144]COM9-R2

1778|TR1-C-R2 X

[1144]COM9-R2

1779

1780|TR2-A-R2 X

1781|TR2-B-R2

x

1782| TR2-C-R2 X

WA
[

WI145COM10-R2

[1145]COM10-R2

x

[1145]COM10-R2

1783

1784

1785

1786

1787

1788

T
aw
v
<
|

1789

1790

1791

1792 |10#1-TP-A1

[240]TRIP-A1

1793 |IO#1-TP-B1

1794 (10#1-TP-C1

1795|I0#1-TP-A2

1796 |IO#1-TP-B2

[241]TRIP-B1

[242]TRIP-C1

44]TRIP-B2

X| X x| x| x| Xx

1797 ||lO#1-TP-C2

45]TRIP-C2

X| X X X| X| X

1798

1799

1808|OVS1_INST_TP

1809[ovs2_INST_TP
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PLC default setting
Output Timing Logic expression Delay Time / Flip Flop
Cycle Relay model relay model Flip Flop Timer |
Ne Sigril 30 | 90 User| Tum 2, 3, 323 24,26 Norm| Back Re.lease Off | On | One | e Value
Filename: GRZ100-B1-04 Filename: GRZ100-B2-02 Up Signal | Delay | Delay| Shot
1812|OVG1_INST_TP |
1813|OVG2_INST_TP
1814
1815
1816|UVST1_INST_TP
1817|UVS2_INST_TP
1818
1819
1820|UVG1_INST_TP .
1821|UVG2_INST_TP
1822
1823
1824|SPR.L-REQ [1JCONSTANT _1 X
1825|TPR.L-REQ [273]SYN-OP X
1826|SPR.F-REQ [1JCONSTANT _1 X
1827 |TPR.F-REQ [273]SYN-OP X
1828|SPR.F-ST.REQ [1JCONSTANT _1 X
1829|TPR.F-ST.REQ [486]ARC-SET X
1830
1831
1832|R F-ST REQ
1833|SPR.F2-REQ
1834|TPR.F2-REQ
1835
1836
1837
1838|ARC.L_TERM
1839|ARC.F_TERM
1840
1841
1842
1843
1844
1845
1846
o 79
1848[BCD_BLOCK ]
1849|DEFF_BLOCK Y =
1850 ayw
1851|DEFR_BLOCK o 4
1852 R
1853 N
1854 o 9
1855 A
1856|OVS1_BLOCK .
1857 |OVS2_BLOCK -
1858
1859
1860|OVG1_BLOCK o
1861]|0VG2_BLOCK
1862
o RN
1864|UVS1_BLOCK
1865|UVS2_BLOCK
1866
1867 -
1868|UVG1_BLOCK '

1869 |UVG2_BLOCK
1870
1871

1872
1873
1874
1875

1876

2039
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PLC default setting

Output Timing Logic expression Delay Time / Flip Flop
Cycle Relay model relay model Flip Flop Timer |
Ne Sigrial 30 | 90 User| Tum 2, 3, 323 24,26 Norm| Bock Rglease Off | On | One | ie Value
Filename: GRZ100-B1-04 Filename: GRZ100-B2-02 Up Signal | Delay | Delay| Shot
2041 |
2042
2043
2044
2045
2046
2047
2048|cOM1-S
2049|COM2-S
2050|COM3-S
2051|COM4-S
2052|COM5-S
2053|COM6-S
2054|COM7-S
2055|COMS-S
2056|COM9-S
2057 |COM10-S
2058|COM11-S
2059|COM12-S
2060|COM13-S
2061|COM14-S
2062
2063
2064|SUB_COM1-S
2065|SUB_COM2-S
2066|SUB_COM3-S X [848]LOCAL_TEST
2067 |SUB_COM4-S X [881]SEVERE_CF-L
2068
2069 h
2070
2071 N N
2072
2073
2074
2075
2076
2077
2078
2079
2080
2081
2082
2083
2084
2085
2086
2087
2088
2089
2090
2091
e RN
2093
2094
2095
2096 -
2097 -
2098
2099
2100 N
2101
2102
2103
2104
2105

[800C/R_SEND-A rY
[801]C/R_SEND-B
[802C/R_SEND-C
[803|C/R_SEND-S
[804]C/R_SEND-DEFA
[805|C/R_SEND-DEFB
[806]C/R_SEND-DEFC
[815]C/R_SEND-PSB . |
[516]B14_COMMAND

- [517]B15_COMMAND ‘

X x| x| x| x| x| x| x| x|x
XX X X X X X| X X| X
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PLC default setting
Output Timing Logic expression Delay Time / Flip Flop

Cycle Relay model relay model Flip Flop Timer
Ne Signal 20 | 90 [User Turn| 2x1, 3x1, 323 24, 26 Norm Back Rgdease Off | On | One Time Value
Filename: GRZ 100-B1-04 Filename: GRZ100-B2-02 Up Signal | Delay | Delay| Shot
2601 |
2602
2603
2604
2605
2606
2607
2608

2609 .
2610|ALARM_LED_SET | X [909]CFSV1-R + [925]CFSV2-R X
2611
2612
2613
2614
2615
2616
2617
2618
2619
2620
2621
2622
2623
2624|F.RECORD1
2625|F. RECORD2
2626|F.RECORD3
2627 |F.RECORD4
2628
2629
2630
2631
2632|D.RECORD1
2633|D.RECORD2
2634|D.RECORD3
2635|D.RECORD4
2636
2637
2638
2639
2640|SET.GROUP1
2641|SET.GROUP2
2642|SET.GROUP3
2643|SET.GROUP4
2644|SET.GROUP5
2645|SET.GROUP6
2646 |SET.GROUP7
2647 |SET.GROUPS
2648
2649
2650
2651

z

2652

2653

2654
2655
2656|CON_TPMD1

2657|CON_TPMD2

2658|CON_TPMD3

2659|CON_TPMD4

2660|CON_TPMD5
2661|CON_TPMD6

2662|CON_TPMD7

2663|CON_TPMD8
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PLC default setting
Output Timing Logic expression Delay Time / Flip Flop

Cycle Relay model relay model Flip Flop Timer I
Ne Signal 30| 90 |User Turn| 2x1, 3x1, 323 24, 26 Norm Back Reflease Off | On | One Time Value
Filename: GRZ100-B1-04 Filename: GRZ100-B2-02 Up Signal | Delay [ Delay| Shot
2670 [
2671
2672
2673
2674
2675
2676
2677

2678 .
2679
2680
2681
2682
2683
2684|ARC_COM_RECV
2685|TELE_COM_RECV
2686 |PROT_COM_RECV

2688|TPLED_RST_RCV
2689
2690
2691
2692
2693
2694
2695
2696
2697
2698
2699
2700
2701
2702
2703
2704
2705
2706
2707
2708
2709
2710
271
2712
2713
2714
2715
2716
277
2718
2719
2720
2721
2722
2723
2724
2725
2726
2721
2728
2729
2730
2731
2732
2733
2734

23:14 _’

2815 [
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PLC default setting
Output Timing Logic expression Delay Time / Flip Flop

Cycle Relay model relay model Flip Flop Timer I
Ne Signal 30| 90 |user Turn| 2x1, 3x1, 323 24, 36 Norm Back Reflease Off | On | One Time Value
Filename: GRZ100-B1-04 Filename: GRZ100-B2-02 Up | Signal |Delay|Delay| Shot
2816 TEMP001 X - [148]Z1G_TRIP + [160]Z1S_TRIP |
2817 |TEMPO02 [153)22G_TRIP + [162)22S_TRIP
2818|TEMP003 X - [156]Z3G_TRIP + [165]Z3S_TRIP
2819 TEMPOQ04
2820 | TEMP005
2821|TEMP006
2822 | TEMP007
2823|TEMP008 ‘
2824 | TEMPO009
2825|TEMPO10
2826 | TEMPO11
2827 |TEMPO12
2828 TEMPO13
2829|TEMPO014
2830 | TEMPO15
2831|TEMPO16
2832 | TEMPO17
2833 |TEMPO18
2834 |TEMPO019
2835| TEMP020
2836 [TEMP021
2837 |TEMP022
2838 |TEMP023
2839|TEMP024
2840 | TEMP025
2841 |TEMP026
2842 | TEMP027
2843 | TEMP028
2844 | TEMP029
2845| TEMPO030
2846 [TEMPO031
2847 |TEMP032
2848 TEMPO033
2849|TEMPO034
2850 | TEMPO035
2851|TEMPO036
2852 | TEMPO037
2853 | TEMPO038
2854| TEMP039
2855 | TEMP040
2856 | TEMPO041
2857 |TEMP042
2858 | TEMP043
2859 | TEMP044
2860 | TEMP045
2861|TEMP046
2862 | TEMP047
2863 [ TEMP048
2864 | TEMP049
2865 | TEMPO050
2866 | TEMPO051
2867 |[TEMP052
2868 | TEMPO053
2869 | TEMP054
2870 | TEMPO055
2871|TEMPO056
2872 |TEMPO057
2873 | TEMPO058
2874| TEMP059
2875| TEMP060
2876 | TEMPO061
2877 |TEMP062
2878 | TEMP063
2879|TEMP064
2880 | TEMPO065
2881|TEMP066
2882 | TEMP067

2883| TEMP068 b

2884 [ TEMPO®: [

x
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PLC default setting
Output Timing Logic expression Delay Time / Flip Flop

Cycle Relay model relay model Flip Flop Timer |
Ne Signal 0| 90 User| U™ 2x1, 31, 323 24, 26 Norm| Back [ Release | Off [ On | One | fu .\
Filename: GRZ100-B1-04 Filename: GRZ100-B2-02 Up Signal | Delay| Delay| Shot
2885| TEMP070 |
2886 TEMPO71
2887 | TEMPO72
2888 | TEMPO73
2889|TEMPO74
2890 TEMPO75
2891|TEMPO76
2892| TEMPO77 .
2893|TEMPO78

2894| TEMPO79
2895| TEMP080
2896 TEMPO81
2897 [ TEMP082
2898|TEMP083
2899 TEMP084
2900| TEMP085
2901|TEMP086
2902| TEMP087
2903| TEMP088
2904 | TEMP089
2905| TEMP090
2906 TEMPO091
2907 | TEMP092
2908 | TEMP093
2909 TEMP094
2910 TEMP095
2911|TEMP096
2912| TEMP097
2913| TEMP098
2914|TEMP099
2915 TEMP100
2916 TEMP101
2917 |[TEMP102
2918 TEMP103
2919 TEMP104
2920 TEMP105
2921|TEMP106
2922| TEMP107
2923| TEMP108
2924 TEMP109
2925 TEMP110
2926 TEMP111
2927 | TEMP112
2928| TEMP113
2929 TEMP114
2930| TEMP115
2931|TEMP116
2932| TEMP117
2933|TEMP118
2934|TEMP119
2935|TEMP120
2936[TEMP121 B N
2937 [TEMP122
2938| TEMP123
2939| TEMP124
2940| TEMP125
2941|TEMP126
2942| TEMP127
2943 TEMP128
2944|TEMP129
2945|TEMP130
2946 | TEMP131
2947 [ TEMP132
2948| TEMP133
2949 TEMP134
2950 TEMP135
2951|TEMP136

2952 | TEMP137 ’

2953| TEMP1 |
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PLC default setting
Output Timing Logic expression Delay Time / Flip Flop

Cycle Relay model relay model Flip Flop Timer |
Ne Signa 30 | 90 |User Tur 2, 3, 323 24,26 Norm Back Rs;lease Off | On | One Time Value
Filename: GRZ100-B1-04 Filename: GRZ100-B2-02 Up Signal | Delay| Delay | Shot
2954 | TEMP139 |
2955|TEMP140
2956 | TEMP141
2957 |TEMP142
2958 |TEMP143
2959 | TEMP144
2960 | TEMP145
2961|TEMP146 ’
2962 |TEMP147

2963 | TEMP148
2964 |TEMP149
2965 | TEMP150
2966 [TEMP151
2967 | TEMP152
2968 | TEMP153
2969|TEMP154
2970 | TEMP155
2971|TEMP156
2972| TEMP157
2973|TEMP158
2974 | TEMP159
2975|TEMP160
2976 | TEMP161
2977|TEMP162
2978| TEMP163
2979|TEMP164
2980 | TEMP165
2981|TEMP166
2982 | TEMP167
2983|TEMP168
2984|TEMP169
2985|TEMP170
2986 [TEMP171
2987 |TEMP172
2988 |TEMP173
2989 | TEMP174
2990 |TEMP175
2991|TEMP176
2992|TEMP177
2993 | TEMP178
2994|TEMP179
2995|TEMP180
2996 | TEMP181
2997 | TEMP182
2998 | TEMP183
2999|TEMP184
3000 TEMP185
3001 |TEMP186
3002| TEMP187
3003 | TEMP188
[ 3004|TEMP189
3005|TEMP190
3006 | TEMP191
3007 [TEMP192
3008|TEMP193
3009|TEMP194
3010|TEMP195
3011|TEMP196
3012|TEMP197
3013|TEMP198
3014|TEMP199
3015|TEMP200
3016 | TEMP201
3017 |TEMP202
3018|TEMP203
3019|TEMP204
3020 | TEMP205
3021|TEMP206

3022| TEMP207 .
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PLC default setting
Output Timing Logic expression Delay Time/ Flip Flop
Cycle Relay model relay model Flip Flop Timer

Ne Signal Turn| 2x1, 3x1, 323 24, 26 Back| Release Off | On | One .
30 | 90  User Norm N Time Value
Filename: GRZ100-B1-04 Filename: GRZ100-B2-02 Up Signal [ Delay | Delay | Shot
[3023[TEMP208 T
3024| TEMP209
3025 TEMP210
3026| TEMP211
3027|TEMP212
3028| TEMP213
3029| TEMP214.
3030| TEMP215
3031|TEMP216
3032| TEMP217 ‘

3033| TEMP218
3034| TEMP219

3054| TEMP239
3055| TEMP240
3056| TEMP241
3057 | TEMP242
3058| TEMP243
3059| TEMP244
3060| TEMP245

3061| TEMP246

3062| TEMP247

[3063|TEMP248

[3064| TEMP249
3065/ TEMP250

3066 | TEMP251
3067|TEMP252

[ 3068| TEMP253

[ 3069| TEMP254
3070/ TEMP255
3071/ TEMP256
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Appendix |

Commissioning Test Sheet[sample)

1. Relay identification
2. Preliminary check
3. Hardware check
3.1 User interface check
3.2 Binary input/Binary eutput circuit check
3.3 AC input circuit,Check
4. Function test
4.1 Phasegault element ZS test
4.2 Earth fault element ZG test
4.3 Out=of-step element OST test
4.4 Phase sselection element UVC test
4 5\Directional earth fault element DEF test
4.6 Negative sequence directional element DOCN test

4.7 Inverse definite minimum time overcurrent element
(IDMT) EFI and OCI test

4.8 Voltage and synchronism check elements test

4.9 Thermal overload element test

4.10 Current change detection element

4.11 Level detectors test

4.12 BCD elment test

4.13 Overvoltage and undervoltage elements test
5. Protection scheme test
6. Metering and recording check

7. Conjunctive test
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1. Relay identification

Type Serial number O
Model System frequency

Station Date 0
Circuit Engineer

Protection scheme Witness

Active settings group number

L 4
2. Preliminary check @
Ratings Qo

CT shorting contacts
DC power supply
Power up

Wiring

Relay inoperative
alarm contact

9/
LA

Calendar and clock

3. Hardware check

3.1 User interface check

‘9{@ Iooonn

3.2 Binary input/Binary outptt c check
L 4

Binary input circ \

Binary outputieirc

C

I

3.3 AC input cireuit

Q>®
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4. Function test

4.1 Phase fault element ZS test

Element

Reach setting (ZS)

IT 2IT x ZS

Measured voltage (2V3)

218

Z1XS

725

Z38

ZFS

Z48

ZR1S

ZR28

ZNDS

PSBSIN

PSBSOUT

4.2 Earth fault element ZG test

Element

Reach setting (ZG)

IT 2ATx ZG

Measured voltage (2V3)

21G

Z1XG

22G

Z3G

ZFG

Z4G

ZR1G

ZR2G

ZNDG

PSBGIN

PSBGOUT

4.3Qut-of‘step element OST test

Element

Reach setting (ZOST)

IT 2IT x ZoST

Measured voltage (2V3)

OSTXF

OSTXB

OSTR1

OSTR2
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4.4 Phase selection element UVC test

Element

Reach setting (UVCZ)

IT

IT x UVCZ + UVCV

Measured voltage

uve

0

0

4.5 Directional earth fault element DEF test

Q)

Element

Current setting

Measured current

DEFF

DEFR

2

Element

Voltage setting

Measured voltage

DEFF

DEFR

4.6 Negative sequence directional element DOCN test

Element Test current Measured voltage
DOCN-F IN
DOCN-R IN

4.7 Inverse definite minimum time,overcurrent element (IDMT) EFI and OCI test

Element Test current Measured operating time
EFI 1925 |g
20 x g
0g¢l 1.2 x Ig
20 x g

4.8 Voltageand synchronism check elements test

(1) #Voltagecheck element

Element

Setting

Measured voltage

ovB

UVB

ovL1

UVL1

OovL2

UVL2
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(2) Synchronism check element

® Voltage check

Element

Setting

Measured voltage

SYN1 (SY1UV

SYN2 (SY2uV

( )
SYN1 (SY10V)
( )
SYN2 (SY20V)

®  Phase angle check

Element

Setting

Measured angle

SYN1 (SY160)

SYN2 (SY26)

4.9 Thermal overload element test

Element Test current Measured operating time
THM-A 12x1g
THM-T 10 x Ig

4.10 Current change detection element

Element

Test current

Result

OCD

1.20x Fixedhsetting

OCDP

1.2 x¢Setting value

4.11 Level detectors,test

Element

Setting

Measured value

OCH

EF

EFL

oC

0ovG

UVLS

UVLG

UVFS

UVFG

OCBF
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4.12 BCD element check

[ ]

4.13 Overvoltage and undervoltage elements test

(1) Operating value test

Element | Voltage | Measured | Element | Voltage | Measured
setting | voltage setting | voltage
(O)RY OVG1
0ovs2 0ovG2
URY UVG1
uvs2 uvG2
(2) Operating time test (IDMT)
Element | Voltage setting | Multiplier setting Changed vgltage Measured time
(ORY 10.0 1.5x Voltage setting
OVG1 10.0 1.5% Voltage setting
UVS1 10.0 0:5 x Voltage setting
UVG1 10.0 0.5%\Voltage setting
5. Protection scheme test
Scheme Results
6. Metering and recording check
7. Conjunctive'test
Scheme Results

On load check
Signaling circuit
Tripping circuit

Reclosing circuit
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TOSHIBA 6F2S0834

RETURN / REPAIR FORM

Please fill in this form and return it to Toshiba Corporation with the GRZ100 to be repaired.

1, Toshiba-cho, Fuchu-shi, Tokyo, Japan

TOSHIBA CORPORATION Fuchu Complex OO

For: Power Systems Protection & Control Department

Quality Assurance Section

4
Type:_ GRZ100 Model: \%

(Example: Type: GRZ100 Model:__ 214B-22-10 )

Product No.:
Serial No. :

Date:
1.  Why the relay is being returned ?
O mal-operation K\

does not operate
increased error

investigation

Oo0o0oa

others

L 2

xS

2. Fault records, event records or disturbance records stored in the relay and relay settings are very
iofl to investigate the incident.

s of this information in respect to in the incident on a Floppy Disk, or by
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Fault Record

Date/Month/Year Time / / /
(Example: 04/ Nov./ 1997 15:09:58.442)
Faulty phase: O
Fault Locator : km ( %) O
Prefault values (CT ratio: kA/: A, VT ratio: kV/: V) @
Va: KV or V./ oy KA or A/ %
Vb: kVorvVZz ° Ip: kA or AZ ~
Ve: kVorVZ ° Ic: kA or AZ @
Vab: kVorVZ ° Iab: kA or A °
Vbe: kVorVZz ° Ipe: kA Q °
Vea: kVorvz ° Ica: A °
Vi: kVorVZz ° I1: v °
Vo: kVorV/ ° In: r A/ °
Vo: kVorVZ ° 1o: kA or AZ °

\\ kA orAZ °

Fault values

Va: kVorvV/ @ kA or A/ °
Vb: kVorV« Q kA or AL ©
Ve: kVorV/z \ Ic: kA or AZ °
Vab: kVorV/ @ Iab: kA or AL °
Vbe: kV or VZO : kA or AZ °
Vea: Ica: kA or AL °
Vi: k Q 11: kA or AZ ©
Va: & © In: kA or AL ©
Vo: Q)V ° 1o: kA or AL °
\® 10a: kA or AL °

Ra : Q Xa . Q
Rp: Q Xb Q
RC : Q XC Q
Rab :. Q Xab : Q
be : Q Xbc : Q
ca - Q Xca Q

3.  What was the message on the LCD display at the time of the incident.
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4. Please write the detail of the incident.

&
o
S

o)

5. Date of the incident occurred.

Day/ Month/ Year: / @
(Exam\]uly/ 1998)

6. Please write any comments @-RZIOO, including the document.

Q>®
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Ratings

AC current I;:
AC voltage V,;:
Frequency:

DC power supply:

AC ripple on DC supply IEC60255-11

DC supply interruption IEC60255-11
Permissive duration of DC supply voltage
maintain normal operation:

Restart time:

Binary input circuit DC voltage

interruption to

1A or SA

100V, 110V, 115V, 120V

50Hz or 60Hz

110Vdc/125Vdce (Operative range: 88 - 150Vdc)
220Vdc/250Vdce (Operative range: 176 - 300Vdc)
48Vdc/54Vdc/60Vdc (Operative range: 38.4 - 72Vdc)
24Vdc/30Vdc Operative range: 19.2 — 36Vdc

maximum 12%

less than 50ms at 110V
less than 10s
110Vdc/125Vde
220Vdc/250Vdce
48Vdc/54Vdce/60Vde

Overload Ratings

24Vdc/30Vde

AC current input

AC voltage input

4 times rated continuous
100 times rated for. 1s
2 times rated‘continuous
2.5 times rated for 1§

Burden

)

AC current input

AC voltage input
DC power supply:

Binary input circuit:

0.2V A'per phase (at rated SA)

0.44VA at zero-sequence circuit (at rated SA)
OV A per phase (at rated 1A)

0.3 VAvat zero-sequence circuit (at rated 1A)
0"IWA (at rated voltage)

less than15W (quiescent)

less than 25W (operation)

< 0.5W/input at 110Vdc

CT Ratio Setting m

CT ratio | 1 t0 20000 in 1 steps
Full Scale of Current for Measurement &

Current | 65 times rated current

Phase Fault Distance Measuring wm

Z18S, 728 and Z1XS

Z1S 01
Z1S 62

ZFS, ZR1S and ZR2S

Z3S and Z4S

Characteristic angle
Z1S and ZA4S offset

ZNDS

Blinder (BFR1S, BFR2S, BFRS, BRRS, BNDS)
BRLS: Linked with BRRS
Characteristic angle (BFR1S, BFR2S, BFRS, BRRS,
BNDS)
Characteristic angle (BFLS)

0.10 to 250.00€2 in 0.01Q2 steps (1A relay)
0.01 to 50.00Q2 in 0.01Q2 steps (SA relay)
0° to 45° in 1° steps

45° t0 90° in 1° steps

0.1 t0 250.0Q2 in 0.1 steps (1A relay)
0.01 to 50.00 in 0.01Q) steps (5A relay)

0.1 to 250.0Q in 0.1Q steps (1A relay)
0.01 to 50.00 in 0.01Q) steps (5A relay)
45°t0 90° in 1° steps
7.5Q fixed (1A relay)
1.5Q fixed (5A relay)

0.1 to 250.0Q in 0.1Q2 steps (1A relay)
0.01 to 50.00 in 0.01Q) steps (5A relay)
0.5 to 100.0Q2 in 0.1Q2 steps (1A relay)
0.10 to 20.00Q2 in 0.01Q2 steps (5A relay)
75¢ fixed

90° to 135°
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Earth Fault Distance Measuring Element

Z1G, Z2G and Z1XG

Z1G 01
Z1G 02

ZR1G

ZFG, Z3G, ZR2G and Z4G

Characteristic angle
ZNDG

Blinder (BFR1G, BFR2G, BFRG, BRRG, BNDG)
BRLG: Linked with BRRG

Characteristic angle (BFR1G, BFR2G, BFRG, BRRG,
BNDG)
Characteristic angle (BFLG)

0.10 to 250.00Q2 in 0.01Q2 steps (1A relay)
0.01 to 50.00Q2 in 0.01Q2 steps (SA relay)
0° to 45° in 1° steps

45° t0 90° in 1° steps

0.1 t0 250.0Q2 in 0.1Q steps (1A relay)
0.01 to 50.00 in 0.01Q2 steps (5A relay)

0.1 to 500.0Q2 in 0.1 steps (1A relay)
0.01 to 100.00 in 0.01Q steps (5A relay)

45° t0 90° in 1° steps
0.1 to 500.0Q2 in 0.1 steps (1A relay)
0.01 to 100.00 in 0.01Q steps (5A relay)

0.5 to 100.0Q2 in 0.1Q steps (1A relay)
0.10 to 20.00€2 in 0.01Q steps (5Aneelay)

75° fixed

90° to 135°

Time Setting for Zone Protection

N

Time setting of Z1S, Z28S, Z3S, ZFS, ZR1S, ZR2S, ZNDS,
71G, 72G, Z3G, ZFG, ZR1G, ZR2G, ZNDG

0.00 to 10.00sn,0.01s _steps

Command Protection

b

Trip time

Coordination time for BOP scheme

Note the, trip time is an operating time of measuring element
plus(transmis$ion delay time, etc. in the command protection.

0.to 50ms in 1ms steps

Transfer Tripping function

Operating time (excluding transmission delay time)

Typical 15ms from BI energisation at the sent end to trip
contact closing at the receive end.

Operating and Resetting Time of Distance Measu E

Typical operating time
Operating time curve (SIR curve)

Resetting time

nt

20ms
Refer to Figure K-1.

less than 30ms (for tripping output)
less than 40ms (for signal output)

Accuracy of Distance Measuring Elen}'ntq

Static accuracy
Static angle accuracy

Transient overreach

+5% under SIR < 30, +10% under 30 < SIR < 50
+5°
+5%

Minimum Operating Curr&v

Current

0.08A (1A relay)
0.4A (1A relay)

Residual Curr£ CMpenﬁa ion

Residual current compensation for reactance element of Z1G,
Z1XG, 722G, ZFG, ZR1G

Earth return compensation

Mutual goupling compensation (ZR1G excluded)

Adjustable as follows:

0 to 1000% in 1% steps
0 to 1000% in 1% steps

Pha election Element

Undervoltage

Impedance

Characteristic angle

Residual current compensation

10 to 60V in 1V steps

0.0 to 250.0Q2 in 1Q) steps (1A relay)
0.0 to 50.0Q2 in 1Q steps (5A relay)

45°t0 90° in 1° steps
Automatically set according to residual current compensation
setting of reactance element
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Switch-on-to-fault and Stub protection

Overcurrent

0.4 to 3.0A in 0.1A steps (1A relay)
2.0 to 15.0A in 0.1A steps (5A relay)

Broken Conductor Detection

N

Broken conductor threshold (I,/1;):
DTL delay:

OFF, 0.10 to 1.00 in 0.01 steps
0.00 to 300.00s in 0.01s steps

Voltage Transformer Failure Supervision

Undervoltage element (phase-to-phase)
Undervoltage element (phase-to-earth)

Current change detection element

Residual voltage element

Residual current element

50 to 100V in 1V steps
10 to 60V in 1V steps

0.1A fixed (1A relay)
0.5A fixed (5A relay)

20V fixed

Common use with earth fault dete¢tion elément

Power Swing Blocking

DL

Detection zone (PSBZS, PSBZG)

Current change detection element

Detection time

Resetting time

2.5to 75.0Q in 0.1Q steps (1A relay)
0.50 to 15.00 in 0.01€2 stepsy(SATelay)

0.1 to 2.0A in 0.1A steps\(1A relay)
0.5 to 10.0A in 0.1 Assteps (SA relay)

30 to 60ms in, 1ms steps
500ms fixed

Out-of-step Protection

a~\"

Resistive reach (OSTR1)

Resistive reach (OSTR2)

Resistive reach (OSTXF)

Resistive reach (OSTXF)

Detection time (TOST)

15 topl 500%n 13 steps (1A relay)
3.0 taf3000Q2 in°0.1Q2 steps (5A relay)

5 t0%80Q in 1Q steps (1A relay)
F:Oxto 10W0Q in 0.1Q2 steps (5A relay)

540 25002 in 1Q) steps (1A relay)
1.0%0 50.0Q2 in 0.1Q2 steps (SA relay)

1 to 50Q in 1Q2 steps (1A relay)
0.2 to 10.0€Q2 in 0.1Q) steps (5A relay)

0.01 to 1.00s in 0.01s steps

Breaker Failure (BF) Protection

Overcurrent element

BF timer for retry-trip of failed breaker
BF timer for related breaker trip
Operating time of overcurrent element

Resetting time of overcurrent element

0.1 to 2.0A in 0.1A steps (1A relay)
0.5 to 10.0A in 0.1A steps (5A relay)

50 to 500ms in 1ms steps
50 to 500ms in Ims steps
less than 20ms at 50Hz or less than 17ms at 60Hz
less than 15ms at S0Hz or less than 13ms at 60Hz

Inverse Time Overcurrenm

Overcurrent

Time multiplier
Characteristic

Accuracy of inverse time characteristics

Reset definite timé

0.10 to 5.00A in 0.01A steps (1A relay)
0.5 to 25.0A in 0.1A steps (5A relay)

0.05 to 1.00 in 0.01 steps
Refer to Figure 8.

Standard, Very and Long-time: IEC60255-3 class 5
Extremely inverse: IEC60255-3 class 7.5

0.0 to 10.0s in 0.1s steps

Deﬁﬁne Overcurrent Protection

Ovyercunrent

Time, for delayed trip

Operating time of overcurrent element

Accuracy of pick-up value

0.1 to 20.0A in 0.1A steps (1A relay)
0.5 to 100.0A in 0.1A steps (5A relay)

0.00 to 10.00s in 0.01s steps
less than 20ms
+5%
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Directional Earth Fault Protection

Characteristic angle
Polarising voltage (3V0)

Zero-sequence current (310)

Time multiplier for inverse time characteristic
Definite time delay for backup trip

Accuracy of pick-up value

0 to 90° in 1° steps (310 lags for —3VO0)
1.7 t0 21.0V in 0.1V steps

0.10 to 1.00A in 0.01A in 0.01A steps (1A relay)
0.5 to 5.0A in 0.1A steps (5A relay)

0.05 to 1.00 in 0.01 steps
0.00 to 10.00s in 0.01s steps
5%

Directional Earth Fault Command Protection

Time for delayed trip

Coordination time

0.00 to 0.30s in 0.01s steps

0 to 50ms in 1ms steps

Inverse Time Earth Fault Protection

o NN

Earth fault

Time multiplier
Characteristic

Accuracy of inverse time characteristics

Reset definite time

0.10 to 1.00A in 0.01A steps (LA relay)
0.5 to 5.0A in 0.1A steps (5A relay)

0.05 to 1.00 in 0.01 steps
Refer to Figure 8.

Standard, Very andduongstime: IEC60255-3 class 5
Extremely inverse: IEC60255-3 class 7.5

0.0 to 10.0sim. 1's steps

Definite Time Earth Fault Protection

~\V

Earth fault

Time for delayed trip

Accuracy of pick-up value

0.10 to TMOOA 1 0.01A steps (1A relay)
0.5 t9/5.0A T0.1A steps (5A relay)

0.00 to 10:00s in 0.01s steps
£5%

Weak Infeed and Echo Protection

/7y

Phase-to-phase undervoltage element

Phase-to-earth undervoltage element

50%0 100V in 1V steps
10 to 60V in 1V steps

Thermal overload Protection

Thermal setting (THM = k.Ig )

Time constant (1)
Thermal alarm

Pre-load current setting

OFF, 0.40 — 2.00A in 0.01A steps (1A rating)
OFF, 2.0 — 10.0A in 0.1A steps (5A rating)

0.5 — 300.0mins in 0.1min steps
OFF, 50% to 99% in 1% steps

0.00 — 1.00A in 0.01A steps (1A rating)
0.0 — 5.0A in 0.1A steps (5A rating)

ad
Overvoltage Protection ”\

1%, 2" Overvoltage thresholds:

Delay type:

IDMTL Time MulfiplierSetting TMS:
DTL delay:

DO/PU ratio

Reset Delay (1* threshold only):

OFF, 5.0 — 150.0V in 0.1V steps (for both phase-to-phase and
phase-to-neutral voltage)

DTL, IDMTL(1* threshold only)
0.05 — 100.00 in 0.01 steps

0.00 —300.00s in 0.01s steps

10 —98% in 1% steps

0.0 —300.0s in 0.1s steps

Undervoltage Protection

1%, 2" Undervoltage thresholds:

Delayigypes

IDMTE"Time Multiplier Setting TMS:
DID delay:

DO/PU ratio

Reset Delay (1* threshold only):

OFF, 5.0 - 150.0V in 0.1V steps (for both phase-to-phase and
phase-to-neutral voltage)

DTL, IDMTL(1* threshold only)
0.05 —100.00 in 0.01 steps

0.00 —300.00s in 0.01s steps

10 — 98% in 1% steps

0.0 — 300.0s in 0.1s steps
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Autoreclose Function

Number of shots

Timer settings

Dead time for single-phase autoreclose
Dead time for three-phase autoreclose
Multi-shot dead line time

Multi-shot reset time

Reclaim time

Pulse width of reclosing signal output
Autoreclose reset time

Reset time for developing fault
One-and-a-half breaker scheme
Follower breaker autoreclose delay time
Voltage and synchronism check element
Synchronism check angle

UV element

OV element

Busbar or line dead check

Busbar or line live check

Synchronism check time

Voltage check time

Operating time of synchronism check element

Operating time of UV and OV elements

1 to 4 shots

0.01 to 10.00s in 0.01s steps
0.01 to 100.00s in 0.01s steps
5.0 to 300.0s in 0.1s steps

5.0 to 300.0s in 0.1s steps
5to 300s in 1s steps

0.1 to 10.0s in 0.1s steps

0.01 to 100.00s in 0.01s steps
0.01 to 10.00s in 0.01s steps

0.1 to 10.0s in 0.1s steps

5to 75°in 1° steps

10 to 150V in 1V steps

10 to 150V in 1V steps

10 to 150V in 1V steps

10 to 150VinV steps

0.01 t0,10.00s%n 0:01s steps
0.01 to 1200s 100 1s steps
less than S50ms

less than 40ms

Integral Communication Interface (Protection Signalling)

AN

Electrical interface (Telecomm. equipment link)
Applicable standard

Type of code

Connector type

6F2S0834

CEeITT-G703-1.2.1
CCITT-G703-1.2.2 0r 1.2.3
X.21

NRZ (Non-Return to Zero)

D-sub connector

Optical interface (2 km class)
Type of fibre
Connector type
Wave length
Optical transmitter

Optical receiver

Graded-index multi-mode 50/125um or 62.5/125um

ST type
820nm

LED, more than —19dBm or —16dBm

PIN diode, less than —24dBm

Optical interface (30 km class)
Type of fibre
Connector type
Wave length
Optical transmitter

Optical receiveq

Single mode 10/125um
Duplex LC

1310nm

Laser, more than —13dBm

PIN diode, less than —30dBm

Optical interface (80Ku class)
Type of fibre
Connector type
Wavelength
Optical transmitter

Optical receiver

DSF 8/125um

Duplex LC

1550nm

Laser, more than —5dBm
PIN diode, less than —34dBm
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Fault Locator

Line reactance and resistance setting

Line length
Correction factor of impedance between lines
Correction factor of impedance between in each phase

Accuracy
Local and remote end data used for three terminal line

Only local end data used for two and three terminal line

Minimum measuring cycles

0.0 t0 999.9Q in 0.1Q steps (1A relay)
0.00 to 199.99Q2 in 0.01Q2 steps (5A relay)
0.0 to 399.9km in 0.1km steps

80 to 120% in 1% steps

80 to 120% in 1% steps

1+2.0km (up to 100km) or £2.0% (up to 399.9km) at the
positive sequence differential current more than In.(*)
+4.0km (up to 100km) or £4.0% (up to 39999km) at the
positive sequence differential current morethan n/2.(*)

(*) Condition : (positive sequence impedance&”km) = (0.05 to
6.0Q / In)

12.5km (up to 100km) or £2.5% (upfto 399.9km) at fault
current more than In/2 and at (pésitivésequence impedance /
km) more than 0.05Q / In.

Disturbance Record Initiation

3 cycles
LY

Overcurrent element

Undervoltage element

Pre-fault time

Post-fault time

0.1 to 50.0A in 0 A'A"steps (TA relay)
0.5 to 250.0A in 0.1A steps (5A relay)

0 to 132V intl Vasteps'(for phase fault)
0 to 76Vain 1 Visteps (for earth fault)

0.3s,fixed
0.1 £030s in 0'1s steps

Communication Port

\v

Front communication port (local PC)
Connection
Cable type
Cable length
Connector
Rear communication port (remote PC)
RS485 1/F:
Transmission data rate for RSM system
Connection
Connector
Cable and length
Isolation
Fibre optic I/F:

Ethernet LAN I/F:

Point to point

Malti-core (straight)

15m (max.)

RS232C 9-pin D-subminiature connector female

64kbps

Multidrop mode (max. 32 relays)

Screw terminals

Twisted pair cable, max. 1200m

2kVac for 1min.

ST connector, graded-index multi-mode 50/125um or
62.5/125pum type optical fibres

10BASE-T, RJ-45 connector

IRIGBPort o L/ 0

Connection BNC connector
Cable type 50 ohm coaxial cable
Binary Inputs

Operating voltage

Typical 74Vdc(min.70Vdc) for 110V/125Vdc rating
Typical 138Vdc(min.125Vdc) for 220V/250Vdc rating
Typical 31Vdc(min.28Vdc) for 48V/54V/60Vdc rating
Typical 15Vde(min.14Vdc) for 24Vdc rating
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Contact Ratings
Trip contacts
Make and carry 5A continuously,
30A, 290Vdc for 0.5s (L/R=10ms)
Break 0.15A, 290Vdc (L/R=40ms)

Auxiliary contacts
Make and carry 4A continuously,

10A, 220Vdc for 0.5s (L/R = 5ms)

Break 0.1A, 220Vdc (L/R=40ms) S
Durability
Make and carry 10,000 operations minimum %
Break 100,000 operations minimum
Mechanical design
Weight 10kg (Type-A), 13kg (Type-
Case colour Munsell No. 10YR8/0.5
Installation Flush mounting or rack moun
20 e o -y 80 Su
70 ___H_‘_N_H_‘-“H\m‘\‘\\ TN — 10 o TN —

pd

. Mﬂm N v

SR

b) Maximum operating time (50Hz)

a0 .\""‘\_\
o [
] 28ms
60 i~ | \
—_— N 26ms

S0
a0

30 30 \\\

22ms

20 -~ 20 \ \\ \

10 10

0 \ 0 \"" AN

01 [+8} 1 10 100
SR
a) Mi opérating time (50Hz) b) Maximum operating time (50Hz)

Phase to earth fault
Note: In the case of a 60Hz relay the operate time is reduced by approximately 15% to 20%.

=
&

Figure K-1 SIR Trip Time Curves
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CT Requirement
The requirement for minimum CT knee-point voltage for GRZ100 is assessed for the following three
cases separately:
a) Stability for faults beyond the zone 1 reach point:
Vi >k X I 21 max X (R + Ry)
b) Stability for close-up reverse faults:
Vi ky X It rey max X (Ret + Ry)
c¢) Dependability of tripping for close-up forward faults:
Vi> k3 XIg max X (Reg +Ry)
where,
Vi: Knee point voltage.
If 21 max: Maximum fault current at the zone 1 reach point.
If rev max: Maximum close-up reverse fault current.
I max: Maximum close-up forward fault current.
R.:: Resistance of CT.
R»: Burden including connecting leads.
ki, ko, ks: Transient dimensioning factor
(All values refer to the CT secondary side)
The minimum requirement for Vy is deteemined for each of the three cases and the highest of the three

results is used to dimension the CT.&K;, kyland™K; are chosen depending on the primary system time
constant as follows:

Primary  system time Transient dimensioning factor, k
constant, Td (ms) a) Stability for faults b) Stability for close-up c) Dependability of
beyond the zone 1 reverse faults (It rev max) tripping for close-up
reach point (kg1 max) forward faults (It max)
K4 ko ks
<35 6 2 2
<50 7 3 2
<75 8 6 2
<100 8 6 2
<150 8 6 2
Notgs:

1. Kneespoint voltage, Vy, is defined according to IEC 60044-1 as the minimum sinusoidal e.m.f.
(r.m.s.) at rated power frequency when applied to the secondary terminals of the transformer, all
other terminals being open circuited, which when increased by 10%, causes the r.m.s. exciting
current to increase by no more than 50%.

2> In cases where CTs are specified as P-class protective current transformers according to IEC
60044-1 (e.g. SP10, 5P20 etc.), the knee point voltage can be approximated as follows:

Vi= 0.8 xnx [, x (Rm'i‘RVA)

where,

— 403 —



TOSHIBA 6F2S0834

Vi Knee point voltage.

L: Rated secondary current.

R Resistance of CT.

Rya: Rated burden. O
n: Accuracy limiting factor of CT (e.g. 20 for 5P20) 0

(All values refer to the CT secondary side)

3. Remanent flux has not been considered. In cases where a high level of remanent flax may be
experienced, it may be necessary to include an additional margin when di ioning the CT.

4. The data provided is valid for 50Hz and 60Hz power systems. \
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ENVIRONMENTAL PERFORMANCE CLAIMS

Test |

Standards

Details

Atmospheric Environment

-\

Temperature IEC60068-2-1/2 Operating range: -10°C to +55°C.

Storage / Transit: -25°C to +70°C.
Humidity IEC60068-2-78 56 days at 40°C and 93% relative humidity.
Enclosure Protection | IEC60529 IP51 (Rear: IP20)

Mechanical Environment

NI 7~

Vibration IEC60255-21-1 Response - Class 1
Endurance - Class 1

Shock and Bump IEC60255-21-2 Shock Response Class 1
Shock Withstand Class 1
Bump Class 1

Seismic IEC60255-21-3 Class 1

Electrical Environment

AN

Dielectric Withstand IEC60255-5 2kVrms for 1 minute between all terminals and earth.
2kVrms for 1 minute between independent circuits.
1kVrms for 1 minuteagross normally open contacts.

High Voltage Impulse | IEC60255-5 Three positive andithree negative impulses of 5kV(peak),

1.2/5008,,0.5J Between all terminals and between all terminals
and earth.

Electromagnetic Environment

AN

High Frequency
Disturbance / Damped
Oscillatory Wave

IEC60255-22-1 Class 3,
IEC61000-4-12 /
EN61000-4-12

TMHz 2.5kV applied to all ports in common mode.
1MHz".0kV applied to all ports in differential mode.

Disturbance

IEC61000-4-16 /
ENG1000-4-16

Electrostatic I[EC60255-22-2 Class 3 6KV contact discharge, 8kV air discharge.
Discharge IEC61000-4-2 / EN61000-4-2
Radiated RF IEC60255-22-3 Class 3, Field strength 10V/m for frequency sweeps of 80MHz to 1GHz and
Electromagnetic IEC61000-4-3 JENG1000°4-3 | 1.7GHz to 2.2GHz. Additional spot tests at 80, 160, 450, 900 and
Disturbance 1890MHz.
Fast Transient IEC60255#22-4, 4kV, 2.5kHz, 5/50ns applied to all inputs.
Disturbance IEC61000=4-4 / EN61000-4-4
Surge Immunity IEC60258-22-5, 1.2/50us surge in common/differential modes:
IEC61000-4-5/ EN61000-4-5 | HV ports: 2kV/1kV (peak)
PSU and I/O ports: 2kV/1kV (peak)
RS485 port: 1kV (peak)
Conducted RF |[EC60255-22-6 Class 3, 10Vrms applied over frequency range 150kHz to 100MHz.
Electromagnetic IEC61000-4-6 / EN61000-4-6 | Additional spot tests at 27 and 68MHz.
Disturbange
Power Frequengy. IEC60255-22-7, 300V 50Hz for 10s applied to ports in common mode.

150V 50Hz for 10s applied to ports in differential mode.
Not applicable to AC inputs.

Conducted and
Radiated Emissions

IEC60255-25,
EN55022 Class A,
IEC61000-6-4 / EN61000-6-4

Conducted emissions:

0.15 to 0.50MHz: <79dB (peak) or <66dB (mean)
0.50 to 30MHz: <73dB (peak) or <60dB (mean)
Radiated emissions (at 30m):

30 to 230MHz: <30dB

230 to 1000MHz: <37dB
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Test | Standards Details
European Commission Directives
89/336/EEC Compliance with the European Commission Electromagnetic
‘ € Compatibility Directive is demonstrated according to EN
61000-6-2 and EN 61000-6-4.
73/23/EEC Compliance with the European Commission Low Voltage Directive
is demonstrated according to EN 50178 and EN 60255-5.
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Symbols used in the scheme logic and their meanings are as follows:

Signal names

Marked with [ ] : Measuring element output signal

Marked with

f : Signal number

Marked with[CT—J: Signal number and name of binary input by PLC function

Signal No. Signal name

Marked with [

] : Scheme switch

Marked with " " : Scheme switch position
Unmarked : Internal scheme logic signal
AND gates
A — A B C Output
B—— & [—Output 1 1 1 1
Other cases 0
C _
A A B C | Output
B—— & ——oOutput 1 1 0 1
Cc — Other cases 0
A ———
A B C Output
B—-4q & |—
Quitput " 0 0 7
C 9 Other cases 0
OR gates
A— A B C | output
B4 =1 ——oOutput 0 0 0 0
c Other cases 1
4 A B C Output
B—— >1 |—oOutput 0 0 1 0
C — Other cases 1
A _
A B C Output
B —— >1 ——Output 0 1 1 0
C —9 Other cases 1

— 408 —



TOSHIBA

6F2S0834

Signal inversion

P— Output

Timer

One-shot timer

\Q‘D

Output

C)O

R 4
d setting

o>

Delaye pick-up timer with

XXX: Settime \

Delayed drop-off time fixed setting

XXX: Setti

i Qer with variable setting
XXX - Setting range
N{y drop-off timer with variable setting
A

Delaye

-YYY: Setting range

1 1
A — — Out \7 N7
[ 1
OOC- YYY @ Output J:
XXX -YYY: Setting range
L 4
Flip-flop K\
S R Output
S 0 0 No change
F — Output 1 0 1
0 1 0
1 1 0
A Switch Output
Output
uipu 7__ ON 1
Other cases 0
Switch Output
+ N Output ON 1p
ON OFF 0
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1. Power System Data

[Example system] O
As/s B s/s

<——Line length: 16.8km ——> C)

4
CT:600/5A CT:600/5A N@

VT:150kVA[3 : 110VA[3 VT: 150kV/\/§® 3
e Line impedance of A s/s - Bs/s 0

- Positive sequence impedance: 0.0197 +j0.2747 (ohms/km)
- Zero sequence impedance: 0.4970 +j1.4387 (om

- Mutual impedance: 0.0212 +j0.37 )

e Back impedance
- A's/s: 0.94 (%pu) at I00MVA base \
- B s/s: 0.94 (%pu) at 100MVA base K
e Normal load current:  594.7A @
e Minimum fault current: 2.05Q
2. Relay Setting &

- Relay application:

Relay type: 4 @?\00-214
P (Blocking overreach protection), 3 zone time-stepped distance

Protection sche V
x protection

impedance value.

Base impedance Zbase = (Vbase)*/V Abase
= (150kVA/[3 100MVA
=75 ohms
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Therefore, load current I is:

IL, = (Source voltage)/(A s/s back impedance + Line impedance + B s/s impedance) :

= (150kVA[3 )/(0.94 x 75 + 16.8 x[(0.0197% + 0.2747%) + 0.94 x 75)
= 594.7A C)
3.2 Minimum fault current

4
The minimum fault current Ifmin on a protected transmission line is the curr%he phase to

earth fault on the nearest remote terminal. \
Asl/s B s/s @

<——Line length: 16.8km ————> 0
)

Earth fault

Y
GRZ100
To calculate Ifmin, zero sequence earth fault u& ), positive sequence earth fault current
cu

(I1) and negative earth fault current (I2) are (&O as follows:
Ip =11 = I2 = (Source voltage)/{(Back i

f A s/s)

+ i line zero sequence impedance)
+

smission line positive sequence impedance) x 2*}
— (150kVAJ3 )/{(??N 1 16.8 x[(0.4970° + 1.4387)

+ x~/(0.0197> +0.2747°%) }
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3.3

Scheme setting

Element Contents Setting
SCHEME Protection scheme selection BOP
CO.LINK Communication link Ext
ZS8-C Mho or Quadrilateral characteristic Mho
ZG-C Mho or Quadrilateral characteristic Mho
CRSCM Carrier out of service ON
CHSEL Carrier channel configuration SINGLE
BOSW Carrier sending signal A
ZONESEL Carrier control element Z2
ECHO ECHO carrier send ON
WKIT Weak carrier trip ON
CH-DEF DEF carrier channel --
PSB-Z1 PSB for Z1 elements ON
PSB-Z1X PSB for Z1X elements ON
PSB-Z2 PSB for Z2 elements ON
PSB-Z3 PSB for Z3 elements ON
PSB-CR PSB for carrier trip ON
PSB-ZF PSB for ZF elements OFF
PSB-ZR1 PSB for ZR1 elements OFF
PSB-ZR2 PSB for ZR2 elements OFF
PSB-TP Trip under PSB ON
BLZONE Blinder setting/mode COM
Z1CNT Z1 trip mode 1
STUB STUB pfotection OFF
SOTF-0OC SOTF OGytrip ON
SOTF-Z1 SOTFZ14rip OFF
SOTF-Z2 SOTF Z2%ip OFF
SOTF-Z3 SOJLF Z8'trip OFF
SOTF-F SOJF ZF trip OFF
SOTF-R1 SOTF ZR1 trip OFF
SOTF-R2 SOTF ZR2 trip OFF
SOTF-ND SOTF ZND trip OFF
ZFBT ZF element back-up trip OFF
ZRABT. ZR1 element back-up trip OFF
ZR2BT: ZR2 element back-up trip OFF
ZNDBT ZND element back-up trip OFF
QCBT OC back-up trip OFF
OCIBT OClI back-up trip OFF
EFBT EF back-up trip ON
EFBTAL EF back-up trip alarm ON
DEFI DEF back-up trip I
DEFBTAL DEF back-up trip alarm ON
DEFFEN Forward DEF backup trip enable ON
DEFREN Reverse DEF backup trip enable OFF
BF1 CBF re-trip OFF
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3.4

BF2 CBF related trip OFF
BFEXT CBF initiation by ext. trip OFF
OST Out of step trip OFF
OVS1EN OVS1 enable OFF
OVS2EN OVS2 enable OFF
OVG1EN OVG1 enable OFF
OVG2EN OVG2 enable OFF
UVS1EN UVS1 enable OFF
UVS2EN UVS2 enable OFF
UVG1EN UVG1 enable OFF
UVG2EN UVG2 enable

THMT Thermal trip

THMAL Thermal alarm

Autoreclose mode | Autoreclosing mode

ARC-SM Multi. Shot ARC mode
ARC-CB ARC mode for 1.5CB system
ARC-DEF REC. by DG carr. trip
ARC-BU ARC initiated by back-up trip
ARC-EXT ARC initiated by ext. trip
VCHK TPAR condition LB
VTPHSEL VT phase selection A
VT-RATE VT rating PH/G
3PH-VT 3ph. VT location BUS
Impedance setting
Element Standard setting Setting
Z18 80% of pro 80%
Z1XS 120% ¢ 130%
Z2S 1 r tiefe of protected line reactance 130%
Z3S % of protected line impedance plus 150% | 300%
nexbline section
o of Z3S 120% of Z3S setting
% - 80% of protected line reactance 75%
120% or more of protected line reactance 130%
120% or more of protected line reactance 130%
400% - 600% of protected line impedance 500%
120% of Z3G 120% of Z3G setting
PS 2 ohms (5A rating) 2 ohms
PSBGZ 2 ohms (5A rating) 2 ohms
s
Step 1

Calculate the setting impedance from the given recommended reach point table.

Step 2

Multiply the actual impedance by the factor “k” to calculate the relay impedance:

Relay impedance = k x Actual impedance
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3.5

Factor “k” is calculated as follows:

K = (CT ratio)/(VT ratio) = (600/5A)/((150kVA[3 )/(110V)A[3 )) = 0.088

<Z18S, Z1XS, 228, Z3S, Z4S, Z1G, Z1XG, Z2G element>

Z18, Z1XS, 728, 73S, 7Z4S, Z1G, Z1XG, Z2G element settings are calculated as shown'in the

following table.

<Z3G, Z4G element>

Zero sequence current compensation is not applied to Z3 or %4.%Z3G) and Z4G
settings should be larger than the calculated values because of the underreaching effect without
Zero sequence current compensation.

a. Setting condition of Z3G element:

The Z3G element must operate on all faults for which the Z2G element operates.

(lower setting limit: Z3G > Z2G)

The Z3G element must not operate on load current. (uppersetting limit), so:

X3G setting = [Zline x 130%](Z2G setting) x 2.6¢eperating margin for no zero phase

= 500% of Zline

b. Setting condition of Z4G element

sequence current compensatidmwx, 1 S(operating margin)

The operation zone of the Z4G element includes the operating zone of the Z3G element
remote terminal relay.

Element Actual impedance k factor Relay impedance
(ohms) (ohms)
Z1S 3692 0.32
Z1XS 5.999 0.53
Z2S 5999 0.53
Z3S 13.84 1.22
Z4S 16.61 1.46
Z1G 3.461 0.088 0.30
Z1XG 5.999 0.53
226G 5.999 0.53
23G 23.07 2.03
Z4G 27.68 2.44
PSBSZz | = 2.00
pPsBGz | = - 2.00

Blinder setting

Zero sequence compensation is not applied to the blinder elements.

Recommended setting: 5.00 ohms

These elements should not operate under maximum load current:

Rset <load impedance/margin
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<V rating/(2.5 times of I rating)
= (110VA[3 /(2.5 x 5A)

=5.08

Element Setting

BFRS 5.00 Q

BFLS 6 120°

BRRS 5.00 Q

BRLS Linked with BFRS
BFRG 5.00 Q

BFLG 6 120°

BRRG 5.00 Q

BRLG Linked with BRRG

3.6  Zero sequence compensation

In the GRZ100, vector type zero sequence compensatien is(applied to Zone 1 and Zone 2, and
the compensation factor is given in the resistive and reactive components independently.

Step 1

Calculate the positive, zero sequence impedagce andsdnutual impedance:
7Z1=[R1:0.0197] +j[X1: 0.2747] (ohis)
Z0 = [R: 0.497] + j[X(: 1.4287] (ehms)
Zm = [Rm: 0.0212] + j[Xm: 0:3729] (ohms)

Step 2

Calculate the zero and mutual séquence compensation factor setting according to the following
equations:

KRS = Ro/R] x 00%,0497/0.0197 = 2523*
Kxs = X0/Xi 100,= 1.4387/0.2747 = 524

KRm = Rdy/R1 % 100 = 0.0212/0.0197 = 108
KxXm & XX 1 x 100 = 0.3729/0.2747 = 136

*Notes, “Tfthe calculated value exceeds 1000, then a setting of 1000 should be applied, this being
considered to be the maximum practical value.

Element Setting
KRS 1000
KXS 524
KRm 108
KXm 136

3.7 Current setting
a. Definite time earth fault protection (EF)
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The EF element may be used either to provide back-up earth fault protection or,
alternatively, open circuit protection. For example, to detect open faults of the CT circuit,
the operating value of the detector should be lower than the normal load current on the line?

EF < (normal load current/CT ratio) x 0.5
=(594.7 x 5/600) x 0.5
=2.48A

Element Setting (A)
EF 24

Directional earth fault element (DEF)

The DEF element should not be operated by the unbalance custent{or/voltage present in
normal conditions. It is recommended to set the current and voltage after measuring the
actual unbalance residual current and voltage on the site.

DEFFI, DEFRI > Max. zero sequence current (31p) in notmal conditions

DEFFV, DEFRV > Max. zero sequence voltage (3V§) in‘hermal conditions

6F2S0834

Element Setting
DEFFI 2.5 (A)
DEFRI 25 (A)
DEFFV 21.04(V)
DEFRV 24:0 (V)
DEFF 6 85
DEFR @ 85

IDMT overcurrent element (EFT)

The EFI element should #otbe dperated by the unbalance current present under normal
conditions. It is recommended to set the current after measuring the actual unbalance
residual current for th€ proteeted line.

EFI > Max. zero sgqueneef’current (31g) in normal condition

Element Setting
EFI 25(A)
TEFI 0.5
MEFI S

DEFI OFF

d4 Switch-on-to-fault/stub protection (OCH)

The getting of the OCH element should be lower than the minimum fault current (Ifmin) at

the busbar:
OCH < (Ifmin/CT ratio) x 0.5

= {(0.8(margin) x 2.47kA)/(600/5)} x 0.5

=8.23A

Element

Setting

OCH

8.2 (A)

e. Breaker failure protection (BF)
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The setting of the BF element should be lower than the minimum fault current:
OCBF < (Ifmin/CT ratio) x 0.5
= {(0.5 x 2.47kA)/(600/5)} x 0.5 O
=5.14A O
Setting of TBF1

Breaker opening time + OCBF reset time + Margin
= 40ms + 10ms + 20ms 'S
= 70ms

Setting of TBF2 = TBF1 + Output relay operating time + Br@ng time +
OCBEF reset time + Margin

= 70ms + 10ms + 40ms + 10ms + 10ms

= 140ms 0
Element Setting
OCBF 5.1 (A)
TBF1 70ms
TBF2 140ms

3.8  Undervoltage element

a. Undervoltage element with current com@ (Phase selector)
(1) Undervoltage element (UVCV)
The UVCYV element shou et o work with the current of the power system.
UVCV <rated voltage
=63.5V x 0.
=445

(2) Reach setting (U@
The UVCZ N set to the line impedance value:

UVCZ 2168 [(0.0197* + 0.2747%) x 0.088

@ ohms

Element Setting
uvev 45V

\ uvcz 0.41
UvVC 6 85

b. VT failure supervision

@ The undervoltage element for VT failure supervision (UVFS, UVEG) is set to about 50% of

the rated voltage.
Element Setting
UVFS 52V
UVFG 30V

c. Weak infeed tripping function
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The undervoltage element for weak infeed tripping (UVLS, UVLGQG) is set to 70% of the
rated voltage.

Element Setting
UVLS 77V
UVLG 45V

3.9  Time setting

Time delay setting for zone distance protection
b. Coordination time setting for protection signaling channel

This time setting is required only for the Blocking scheme. The timg'should be set larger
than the time delay of protection signaling equipment (PSE) incladinggpropagation time of
PLC (Power Line Carrier) or other communication link. The time setting should include an
operation margin of Sms.

Time setting = Time delay of PSE + Margin
=12ms + 5ms
= 17ms
c. Time setting of earth fault element EF (TEF)

This time setting is for time delay of the EF element. If it is set to 3s, the trip/alarm contact
will close 3s after detecting an unbalange current (residual current) such as a CT open
circuit fault. In addition to CT opem®eircuit faults, this element can detect a broken
conductor condition.

d. Time setting of directional eafth fault relay (TDEFB)

Set the time delay for the divectional earth fault element for back-up.

Element Setting (s)
TZ1S 0.00

1228 0.30

1238 0.40

TZ1G 0.00

122G 0.30

TZ3G 0.40
TCHD 0.017

TEF 3.00
TDEFB 3.00

3.10 Autoreclose setting

Dead timer reset timing

b. Dead line timer
The SPAR and TPAR timer are provided to present the deionized time of the line. The
SPAR element is initiated simultaneously by the reclose initiation for single-pole
autoreclose dead time. TPAR is for three-pole autoreclose dead time.

c. Reclaim timer
The reclosing command signal is blocked during adjusted time set by reclaim timer, after
the breaker is closed manually or automatically.

— 420 —



TOSHIBA 6F2S0834

d.  ARC reset timer
This time element starts to run upon reclosing initiation.

e. ARC output pulse timer
The duration of the reclosing pulse depends on the operation time of the breake
required pulse time is set by this time element.

Element Setting (s)
TEVLV 0.30
TSPR 0.80
TTPR 0.60

4
TRDY 60 \:
TRR 2.00 (b
W 0.2 0

3.11  Synchronism check element

The synchronism check element setting is as follows@

Element Setting
SY1UV 83V
SY10V 51V
SY16 30

TSYN1 %2
0.
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IEC60870-5-103 Configurator

IEC103 configurator software is included in a same CD as RSM 100, and can be installed eaSily
as follows:

Installation of IEC103 Configurator
Insert the CD-ROM (RSM100) into a CDROM drive to install this software on a PC.

Double click the “Setup.exe” of the folder “\IEC103Conf” under the root directory, and
operate it according to the message.

When installation has been completed, the IEC103 Configurator will be reégistered in the start
menu.

Starting IEC103 Configurator

Click [Start]—>[Programs]—[IEC103 Configurator] >[IECCenf] testhe IEC103 Configurator
software.

Note: The instruction manual of IEC103 Configirates, can be viewed by clicking
[Help]—[Manual] on IEC103 Configuratoft.

IEC60870-5-103: Interoperability

1. Physical Layer
1.1 Electrical interface: EIA RS-485
Number of loads, 32 for ong/protection‘equipment
1.2 Optical interface
Glass fibre (option)
ST type connector (option)
1.3 Transmission Speed

User setting: 9600 or»19200 bit/s

2. ApplicationsEayer
COMMON,ADBRESS of ASDU
One . €OMMON ADDRESS OF ASDU (identical with station address)

3. List of Information

>

Thefellowing items can be customized with the original software tool “IEC103 configurator”.
(For details, refer to “IEC103 configurator” manual No.6F2S0812.)

- Items for “Time-tagged message”: Type ID(1/2), INF, FUN, Transmission
condition(Signal number), COT

- Items for “Time-tagged measurands”: INF, FUN, Transmission condition(Signal
number), COT, Type of measurand quantities

- Items for “General command”: INF, FUN, Control condition(Signal number)
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- Items for “Measurands”: Type ID(3/9), INF, FUN, Number of measurand, Type of
measurand quantities

- Common setting

o Transmission cycle of Measurand frame
e FUN of System function
e Test mode, etc.

CAUTION: To be effective the setting data written via the RS232C, turngdff the DC supply
of the relay and turn on again.
3.1 IEC60870-5-103 Interface
3.1.1 Spontaneous events

The events created by the relay will be sent using Function type (FUIN) / Information numbers
(INF) to the IEC60870-5-103 master station.

3.1.2 General interrogation

The GI request can be used to read the status of theyrelay;ithe Function types and Information
numbers that will be returned during the GI cyele areishown in the table below.

For details, refer to the standard IEC60870-52203 Section 7.4.3.
3.1.3 Cyclic measurements

The relay will produce measured values using, Type ID=3 or 9 on a cyclical basis, this can be
read from the relay using a Clasg’2 poll.Lhe rate at which the relay produces new measured
values can be customized.

3.1.4 Commands

The supported commands{can be customized. The relay will respond to non-supported
commands with a cause@f transmission (COT) of negative acknowledgement of a command.

For details, refer to the standard IEC60870-5-103 section 7.4.4.
3.1.5 Test made

In test mode,H6th spontaneous messages and polled measured values, intended for processing
in the control system, are designated by means of the CAUSE OF TRANSMISSION ‘test
mode’. This teans that CAUSE OF TRANSMISSION = 7 ‘test mode’ is used for messages
normallyiransmitted with COT=1 (spontaneous) or COT=2 (cyclic).

For details) refer to the standard IEC60870-5-103 section 7.4.5.
316 #Blocking of monitor direction

If the blocking of the monitor direction is activated in the protection equipment, all indications
and measurands are no longer transmitted.

For details, refer to the standard IEC60870-5-103 section 7.4.6.

3.2 List of Information

The followings are the default settings.
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List of Information

IEC103 Configurator Default setting
INF| Description Contents Gl |Type| COT FUN DPI
ID Signal No.| OFE] ON
Standard Information numbers in monitor direction
System Function
0 |End of General Interrogation |Transmission completion of Gl items. - 8 10 255 - - -
0 |Time Synchronization Time Synchronization ACK. - 6 8 255 - -4 -
2 |Reset FCB Reset FCB(toggle bit) ACK - 5 3 128 - - -
3 |Reset CU Reset CU ACK - 5 4 128 ~ - -
4 |Start/Restart Relay start/restart - 5 5 128 - - -
5 |Power On Relay power on. Not supported — - -
Status Indications
16 |Auto-recloser active gc'tl\';pl‘;slzzfs::btl‘:e"f:g\:eec"’ser thisitemis set { g | 4 |1,9,11, 12| 4128 1411 1| 2
17 [Teleprotection active mlzr‘l’tt:;t'gnsif't';g;g?;°?:;"';::'&”J;i:j!ab'e Gl | 1 1,9, 12 128 1412 1 2
18 |Protection active gct:fep:?fg";';t'i::;agﬁﬁl'z this item is set to ol | 1| 1412 128 1413 1| 2
19 |LED reset Reset of latched LEDs - 1 4, 11,12 128 1409 - 2
20 |Monitor direction blocked :'/cs’f:r:]hfgggtfnggiisgf;‘;mﬁg'e'ay tocontrol | f 4 9, 11 128 1241 1 2
21 [restmose e ey s ™ | o NN | e | e | 1|2
22 |Local parameter Setting Z\\I/Zi? iz z:::r:g zza;g?;;:eﬁﬁe atthe local, the Not supported
23 |Characteristic1 Setting group 1 active Gl 1 1,9, 11,12 128 1243 1 2
24 |Characteristic2 Setting group 2 active Gl 1 1,9, 11,12 128 1244 1 2
25 |Characteristic3 Setting group 3 active Gl 1 1,9, 11,12 128 1245 1 2
26 |Characteristic4 Setting group 4 active Gl 1 1,9, 11,12 128 1246 1 2
27 |Auxiliary input1 Binary input 1 No set
28 |Auxiliary input2 Binary input 2 No set
29 |Auxiliary input3 Binary input 3 No set
30 |Auxiliary input4 Binary input 4 No set
Supervision Indications
32 |Measurand supervision | Zero sequence/Gurrent supervision Gl 1 1,9 128 1267 1 2
33 |Measurand supervision V Zero seQuence Voltage supervision Gl 1 1,9 128 1268 1 2
35 |Phase sequence supervision |Negative@equence voltage supevision Gl 1 1,9 128 1269 1 2
36 |Trip circuit supervision Qutputeireuit supervision Not supported
37 |I>>backup operation Not supported
38 |VT fuse failure VT failure Gl 1 1,9 128 172 1 2
39 |Teleprotection disturbed CF(Communication system Fail) supervision Gl 1 1,9 128 253 1 2
46 |Group warning Onlysalarming Gl 1 1,9 128 1258 1 2
47 |Group alarm Trip blocking and alarming Gl 1 1,9 128 1252 1 2
Earth Fault Indications
48 |Earth FaultE1 A phase earth fault No set
49 |Earth Fault L2 B phase earth fault No set
50 |Earth Fault't8 C phase earth fault No set
51 |Earth Fault Fwd Earth fault forward Not supported
52 |Earth Fault Rev Earth fault reverse Not supported
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IEC103 Configurator Default setting
INF Description Contents Gl |Type] COT FUN DPI
ID signal NOJ OFF] ON

Fault Indications

64 |Start/pick-up L1 A phase, A-B phase or C-A phase element pick-up No set

65 |[Start/pick-up L2 B phase, A-B phase or B-C phase element pick-up No set

66 [Start/pick-up L3 C phase, B-C phase or C-A phase element pick-up No set

67 |Start/pick-up N Earth fault element pick-up No set

68 |General trip Any trip -] 2| 1 128 1280 | - | 2

69 |Trip L1 A phase, A-B phase or C-A phase trip No set

70 |TripL2 B phase, A-B phase or B-C phase trip No set

71 |TripL3 C phase, B-C phase or C-A phase trip No set

72 |Trip I>>(back-up) Back up trip - 2 1 128 194 - 2

73 |Fault location X In ohms Fault location - 4 1 128 1048 - -

74 |Fault forward/line Forward fault Not supported

75 |Fault reverse/Busbar Reverse fault Not supported,

76 ;I;Zfspnrﬁ:feiion Signal Carrier signal sending Not supported

77 |Teleprotection Signal received|Carrier signal receiving Not 'supported

78 |Zone1 Zone 1 trip - 2 1 128 342 - 2

79 |Zone2 Zone 2 trip - 2 1 128 344 - 2

80 [Zone3 Zone 3 trip - 2 1 128 345 - 2

81 |Zone4 Zone 4 trip No set

82 |Zone5 Zone 5 trip No set

83 |[Zone6 Zone 6 trip No set

84 |General Start/Pick-up Any elements pick-up No set

85 |Breaker Failure CBF trip or CBF retrip - | 2 | 1 128 199 | - | 2

86 |Trip measuring system L1 Not supported

87 |Trip measuring system L2 Not supported

88 |Trip measuring system L3 Not supported

89 |Trip measuring system E Not supported

90 |Trip I> Inverse time OC trip - 2 1 128 327 - 2

91 |Trip I>> Definite time OC trip - 2 1 128 326 - 2

92 |Trip IN> Inverse time earth fault@C trip - 2 1 128 184 - 2

93 [Trip IN>> Definite time earth fault OC'trip, - 2 1 128 678 - 2
Autoreclose indications

128 |CB 'ON' by Autoreclose CB close commandjoutput - | 1 | 1 | 128 | 291 | - | 2

129 gs{;?el\i'lggelong-tlme Not supported

130 |Autoreclose Blocked Aut@reclose block (¢]] | 1 | 1,9 | 128 | 1544 | 1 | 2

Details of Fault location settings in IEC103 configurator

INF| Tbl | Offset

Data typgl Coeff

73 5 26

short 0.1
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IEC103 configurator Default setting

INF Description Contents Gl lege coT | FUN | Max. No.
Measurands

144 |Measurand | <meaurand > No 0

145 |Measurand I,V <meaurand > No 0

146 |Measurand I,V,P,Q <meaurand > No 0

147 |Measurand IN,VEN <meaurand > No 0

148 l;/lyazi?urand 1L1,2,3, VL1,2,3, I<arinleba;ulcr;z;r¥jal,lllb, Ve, P, Q, f measurand _ 9 2.7 128 9
Generic Function

240 |Read Headings Not supported

241 ;e:(:]:)t:;bmes of all entries Not supported

243 |Read directory of entry Not supperted

244 |Real attribute of entry Not,supported

245 |End of GGl Not supperted

249 |Write entry with confirm Not supported

250 |Write entry with execute Not supported

251 |Write entry aborted Not supported

Details of MEA settings in IEC103 configurator

INF| MEA| Tbl | Offset [Data type Limit Coeff
Lower | Upper
148 | Ia 1 36 short 0 4096 8.41333
Ib 1 40 short 0 4096 3.41333
Ic 1 44 short 0 4096 3.41333
Va 1 0 short 0 4096 0.26877
Vb 1 4 short 0 4096 0.26877
Ve 1 8 short 0 4096 0.26877
P 2 8 long -4096 4096 | 0.00071661
2 12 long 24096 4096 | 0.00071661
f 2 16 short 0 4096 0.34133
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IEC103 Configurator Default setting

entries of one group

INF Description Contents
i srasion| 15 | cOT | FUN
Selection of standard information numbers in control direction
System functions
o [ BERE
0 |Time synchronization - 6 8 255
General commands
16 |Auto-recloser on/off ON/OFF 20 20 128
17 |Teleprotection on/off ON/OFF 20 20 128
18 |Protection on/off *1) ON/OFF 20, 20 128
19 |LED reset Reset indication of latched LEDs. ON 20 20 128
23 |Activate characteristic 1 Setting Group 1 ON 20 20 128
24 |Activate characteristic 2 Setting Group 2 ON 20 20 128
25 |Activate characteristic 3 Setting Group 3 ON 20 20 128
26 |Activate characteristic 4 Setting Group 4 ON 20 20 128
Generic functions
240 gR;ic:):eadlngs of all defined Not supported
241 Read values or attributes of all Not supported

243
entry

Read directory of a single

Not supported

244 | .
single entry

Read values or attributes of a

Not supported

245 generic data

General Interrogation of

Not supported

248 |Write entry

Not supported

249 [Write entry with confirmation

Not supported

250 |Write entry with execution

Not supported

(*1) Note: While the relay receives thef’Protection off' command, " IN SERVICE LED" is off.

Details of Command settings in IE€103yconfigurator

INF DCO
Sig off | Sig on Rev | Valid time

16 2684 2684 v 0

17 2685 2685 v/ 0

18 2686 2686, v 0

19 0 2688 200

23 0 2640 1000

24 0 2644 1000

25 0 2642 1000

26 0 2643 1000

v i#signalreverse
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Description Contents GRZ100 supported Comment
Basic application functions
Test mode Yes
Blocking of monitor direction Yes
Disturbance data No
Generic services No
Private data Yes

Miscellaneous

Measurand

Max. MVAL = rated

value times
Current L1 la Configurable
Current L2 Ib Configurable
Current L3 lc Configurable
Voltage L1-E Va Configurable
Voltage L2-E Vb Configurable
Voltage L3-E Ve Configurable
Active power P P Configurable
Reactive power Q Q Configurable
Frequency f f Configurable
Voltage L1 - L2 Vab Configurable

Details of Common settings in IEC103 configurator:

- Setting file’s remark: GRZ100 1.00
- Remote operation valid time [ms]: 4000
- Local operation valid time [ms]: 4000
- Measurand period [s]: 2

- Function type of System functionsy, 128

- Signal No. of Test mode:

- Signal No. for Real time and Fault number: 1279

1242

— 430 —



TOSHIBA

6F2S0834

[Legend]

GI: General Interrogation (refer to IEC60870-5-103 section 7.4.3)
Type ID: Type Identification (refer to IEC60870-5-103 section 7.2.1)

COT: Cause o

0 1O\ L bW

Ne)

11

12:
20;
21:
31:
40:
41
42:
43:
44.

: time-tagged message

: time-tagged message with relative time

: measurands [

: time-tagged measurands with relative time
: identification

: time synchronization

: general interrogation termination

: measurands II

: generic data

: generic identification

: general command

: list of recorded disturbances

: ready for transmission for disturbance data
: ready for transmission of a channel

: ready for transmission of tags

: transmission of tags

: transmission of disturbance values

: end of transmission

f Transmission (refer to [IEG60870:5-103 section 7.2.3)

: Spontaneous

: cyclic

: reset frame countbity(FCB)

: reset communigationunit (CU)
: start / restart

: power on

: test mode

: time synchronization

: generalfintergogation

10:

termination/of general interrogation

: lo€al operation

remete operation

positive acknowledgement of command

negative acknowledgement of command
transmission of disturbance data

positive acknowledgement of generic write command
negative acknowledgement of generic write command
valid data response to generic read command

invalid data response to generic read command
generic write confirmation

FUN: Function type (refer to IEC60870-5-103 section 7.2.5.1)
DPI: Double-point Information (refer to IEC60870-5-103 section 7.2.6.5)

DCO: Double

Command (refer to IEC60870-5-103 section 7.2.6.4)
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O

The file extension of IEC103 setting data is “.csv”. The version name is recommend@ae
provided with a revision number in order to be changed in future as follows:

IEC103 setting data is recommended to be saved as follows:

(1) Naming for IEC103setting data

First draft: sk (0].csv 14

Second draft:  s#s#skkxx 02.csv %
Third draft: \

sk ()3.cSv

r Revision number @

The name “#**+*+” is recommended to be able to discriminate the rela e such as GRZ100 or
GRL100, etc. The setting files remark field of IEC103 is able to ente 12 one-byte characters.
It is utilized for control of IEC103 setting data.

=0/

@ Change &l FLINg

(2) Saving thelEC103

The IEC103 setting data iSwecommended to be saved in external media such as FD (floppy disk) or
CD-R, not to re in the folder.

N
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the reply frame from relay contend.

(The sending and receiving timing
coordination is irregular in half-duplex
communication.)

TOSHIBA 6F2S0834
Troubleshooting
No. Phenomena Supposed causes Check / Confirmation
Object Procedure
1 Communication Address setting is incorrect. BCU Match address setting between BCU andelay.
trouble ,(IE(,310_3 RY Avoid duplication of address with other relay.
communication is
not available.) Transmission baud rate setting is BCU Match transmission baud.rate setting between
incorrect. BCU and relay.
RY
Start bit, stop bit and parity settings of BCU Go over the following,settings by BCU. Relay
fjata that BCU transmits to relay is setting is fixed as following settings.
incorrect. - Start bit: 1bf
- Stop bit: “4Ubit
- Parity'setting: even
The PRTCL1 setting is incorrect. (The RY Change'the PRTCL1 setting. Relation between
model with PRTCL1 setting.) PRTC setting and available transmission
protocal is referred to the following table.
RS485 port at the | PRTCL1 | PRTCLA1
back of the relay | =HDLC =IEC
COM1 (CH1) HDLC IEC
COM2 (CH2) [EC —
RS485 or optical cable interconnection (| _Gable - Check the connection port.(CH1/CH2)
Is incorrect. - Check the interconnection of RS485 A/B/COM
- Check the send and received interconnection of
optical cable.
The setting of converteRisjincorrect. Converter | In the event of using G1IF2, change the DIPSW
(RS485/0ptic convefsion js‘executed setting in reference to INSTRUCTION MANUAL
with the transmission chahnel, etc.) (6F2S0794).
The relationghip between logical “0/1” of | BCU Check the following;
the signal,and'Sig.on/off is incorrect. (In Logical0 : Sig.on
the event offusing optical cable) Logical1:Sig.off
Terminal,resistor is not offered. cable Impose terminal resistor (150[ohms]) to both ends
(Especially when RS485 cable is long.) of RS 485 cable.
Relay€annot receive the requirement BCU Check to secure the margin more than 15ms
frame from BCU. between receiving the reply frame from the relay
(The timing coordination of sending and ;rgiutransmntmg the next requirement frame on
receiving switch control is irregular in '
half-duplex communication.)
The requirement frame from BCU and BCU Check to set the time-out of reply frame from the

relay.

Time-out setting: more than 100ms (acceptable
value of response time 50ms plus
margin)
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No. Phenomena Supposed causes Check / Confirmation
Object Procedure
2 HMI does not The relevant event sending conditionis | RY Change the event sending condition (signal
display IEC103 not valid. number) of IEC103 configurator if thefe is a Setting
event on the SAS error. When the setting is correct, checkithesSignal
side. condition by programmable LED, etc.
The relevant event Information Number | RY Match the relevant event Information®Number
(INF) and/or Function Type (FUN) may SAS (INF) or Function Type (FBN) between the relay
be different between the relay and SAS. and SAS.
The relay is not initialised after writing RY Check the sum value of IEC103 setting data from
IEC103 configurator setting. the LCD screen/Whenidiffering from the sum
value on IEC103 configurator, initialise the relay.
It changes to the block mode. RY Change thig,[ECBRsettling to Normal.
3 Time can be BCU does not transmit the frame of time | BCU Transfnit they,frame of time synchronisation.
synchronised with | synchronisation.
IEC103 I The settling of time synchronisation RY Changexthe settling of time synchronisation
communication. .
source is set to other than IEC. source'to IEC.

(Note) BCU: Bay control unit, RY: Relay
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Appendix O

Programmable Reset Characteristics
and Implementation of-Thermal
Model to IEC60255-8
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Programmable Reset Characteristics

The overcurrent stages for phase and earth faults, OC1 and EF1, each have a programmablesreset
feature. Resetting may be instantaneous or definite time delayed.

Instantaneous resetting is normally applied in multi-shot auto-reclosing schemes, to ensure correct
grading between relays at various points in the scheme.

The definite time delayed reset characteristic may be used to provide faster clearangevof intermittent
(‘pecking’ or ‘flashing’) fault conditions. An example of where such phenomenaanaybg’experienced is
in plastic insulated cables, where the fault energy melts the cable insulatiofyad@d” temporarily
extinguishes the fault, after which the insulation again breaks down and the prgcessyrepeats.

An inverse time overcurrent protection with instantaneous resetting cannotédetect.this condition until
the fault becomes permanent, thereby allowing a succession of suchgbreakdewns to occur, with
associated damage to plant and danger to personnel. If a definite timegeset'delay of, for example, 60
seconds is applied, on the other hand, the inverse time element doesynot reset immediately after each
successive fault occurrence. Instead, with each new fault inceptiongit Centinues to integrate from the
point reached during the previous breakdown, and therefore operateswbefore the condition becomes
permanent. Figure O-1 illustrates this theory.

Intermittent
Fault Condition

TRIP LEVEL

/

TRIP LEVEL

Inverse Time Relay
with Instantaneous /

Reset

Inverse Time Relay
with Definite Time

Reset «— >
Delayed Reset

Figure O-1
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Implementation of Thermal Model to IEC60255-8

Heating by overload current and cooling by dissipation of an electrical system follow exponentialstime
constants. The thermal characteristics of the electrical system can be shown by equation (1).

2 _
0= _L (1—e%jx100% (1)

2
AOL

where:

0 = thermal state of the system as a percentage of allowable thermal capacityy

I = applied load current,

IaoL = allowable overload current of the system,

T = thermal time constant of the system.
The thermal state 0 is expressed as a percentage of the thermal capagity of the protected system, where
0% represents the cold state and 100% represents the thermal limit, thatis the point at which no further
temperature rise can be safely tolerated and the system shouldibe dis¢onnected. The thermal limit for

any given electrical plant is fixed by the thermal setting I.oL. [ héyelay gives a trip output when 6 =
100%.

If current I is applied to a cold system, then 8 will rise expenentially from 0% to (I*/Ixo> X 100%), with time
constant T, as in Figure O-2. If 6 = 100%, then the allowable thermal capacity of the system has been reached.

0 (%)

100% | ----Fage 8- -mm oo mm oo

I/ x100% e fegf-mmmmmmmmm e

AOL

2 _t
ezl%im (1-e /)x100%

t(s)
Figure O-2

A thermal overload protection relay can be designed to model this function, giving tripping times
according te the IEC60255-8 ‘Hot” and ‘Cold’ curves.

2
t=1-Ln % 1y - Cold curve
" —Tyor |
11,7 ]
t=tLn| 5——— 2) - Hot curve
| " =T
where:
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Ip = prior load current.

In fact, the cold curve is simply a special case of the hot curve where prior load current Ip = 0, cateri
for the situation where a cold system is switched on to an immediate overload.

Figure O-3 shows a typical thermal profile for a system which initially carries normal load current, a
is then subjected to an overload condition until a trip results, before finally cooling to ambi
temperature.

L 4
0 (%) Overlgad Current
Condition s 100*\
o N )

Normal Load
Current Condition
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Transmission Format in Integral Digital Communication

Figure P-1 shows the data transmission format that applies to the data transmission between relays
at the terminals of the transmission lines. The individual parts of the transmission fogmat are
described below.

(1) Frame header
Indicates the start of a frame.
(2) Analog value (positive-sequence current and voltage) for fault locator

12 bits sent every three frames (I; at remainder 0 of SA, I;” at remainder 1 of SA, V; at
remainder 2 of SA).

(3) SA flag and control data

Device data (CB,DS) and control data necessary for the protectivie.function are transmitted by
sub-communication. Sub-communication is used for signals that may be transmitted at low
speed, and has the effect that 1-bit information is differentfgom frame to frame.

Frames are identified by the SA flag, which is alsoftransmitted by sub-communication. It
detects the signal pattern of 00001 and identificsya frame number. One cycle of frame
numbers covers 12 frames.

(4) SP flag and time data

The SP flag and time data for samplingifme synchronization are transmitted by
sub-communication. Sub-communication detects the signal pattern of 00001 and identifies a
frame number.

The time data for sampling time synchrofiization has 16 bits.
(5) CRC (Cyclic Redundancy @heck) data
CRC data is added to checkstzansmitted data for transmission errors.

Data without the frame header is divided by a polynomial and the resultant remainder is
transmitted as the CRC data,

On the receiving side; the"CRC data is subtracted from the transmitted data, the result divided
by the same polynomialy and the remainder checked for 0.

Polynomial; X % X" + X° + 1
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Next
88 bits Frame
Frame |1 h/K/Vi |1 1 1 1 1 SA/| 1] IRRS|S|R C [1| CRC |1fCRC
header SSA AIDAIPIAl R
11Y] 2 C
10 bits 8 4 4 8 2 6 8 4 3 1] ] 2 8 6
N J\ AN J /I\, X N~ ~ J
Frame h¥ader bl bi s (14 bi L , *\._Cyclic Redundancy Check
rame he Analog value Configurable bits Echo bits (14 bits, Coyifigurable bits VY Y
for fault locator (14 bits, sent every frame) sent every frame)  (4,bits, configurable Cont Ib't\\‘
sént period) 1 ?n ro btl S \CF
2 for configurable bits, for S ensde .
/2 for echo bits ~ & Y
I/ /ZSampling address (for a'cyele N
SA0 |SA1| S| C Fxed [®Re- | R|R| S| S|R
/ / S F bit \Jserved | A|D|A|P|A
SA2 |SA3 [ A 11Y 2
N

Sampling address for a second

l1 /11’ / V1: 12 bits sent every three frames
(I1 at remainder 0 of SA, |1’ at remainder 1 of SA, V1 at remainder 2 of SA)

RDY 1“1’ for ready
SA : Sub-communication bit for SA synchronisation
SO : Sub-communication bit for sampling synchronisation
RA1/RA2: The relay address data
Frame No. SSA CBLS/RA1 SA SP RA2
#0 frame (SA=0) | SSA0 | CBLS-A/RAO 0 2°/2° RA3
#1 SSA1 | CBLS-B/RA1 0 2'/2° RA4
#2 SSA2 | CBLS-CARA2 0 22" RA5
#3 SSA3 | CBLS*A/RAD 0 2°/2" RA3
#4 SSA4 | CBIS:B/RA1 1 SPflag RA4
#5 SSA5 | CBLS-C/IRA2 | RECBLOCK |  27/2F RA5
#6 SSAO | CBLS*A/RAD 2°/2" RA3
#7 SSA1 | BESB/RA1 0 2°/2" RA4
#3 SSA2 [ (CBESCYRA2 1 227 RA5
#9 SSA3#lr CBLS'A/RAO RA3
#10 SSA4 | CBLS-B/RA1 | Transferflag RA4
#11 SSA5,.CBLS-C/RA2 SFC CMD/SLV | RA5

Sub-communications with slash ‘/ ¢ are sent once every two cycles.
The sub-commulfiication, before the slash is sent when SP flag is “0”,
while the sub-communication after the slash is sent when SP flag is
“1”. (SP flagfis “0”once every two cycles.)

If the relay address monitoring is disabled (RYIDSV=O0ff setting),
CBLS congditiomis’sent.

Figure P-1 Data Transmission Format
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Relay Operation under Communication Failure (CF)

CH1.

Relay B

Relay A ;e

—_—

CH2
Relay C

(e

Severe CF mode,

Relay, A*Z4, trip
RelayiB: PUPrip
Relay C:"PUP trip

-Case2 (Fault at near B-term)

Relay A: Distance delay trip
[Carrier trip is impossible.]

Relay B: Z1 trip
Relay C: PUP trip

-Case 3 (Fault at near C-term)

Relay A: Distance delay trip
[Carrier trip is impossible.]

Relay B: PUP trip
Relay C: Z1 trip

Relay A: Z1 trip
Relay B: POP or UOP trip
Relay C: POP or UOP trip

-Case 2 (Fault at near B-term)

Relay A: Distance delay trip
[Carrier trip is impossible.]

Relay B: Z1 trip
Relay C: POP or UOP trip

-Case 3 (Fault at near C-term)

Relay A: Distance delay trip
[Carrier trip is impossible.]

Relay B: POP or UOP trip
Relay C: Z1 trip

Relay A: BOP trip blocked
Relay B: ditto
Relay C: ditto

-Case 2 (Fault at behind B-term)

Relay A: BOP trip
[Block command can’t be
received.]

Relay B: BOP trip blocked
Relay C: ditto

-Case 3 (Fault at behind C-term)

Relay A: BOP trip
[Block command can’t be
received.]

Relay B: BOP trip blocked
Relay C: ditto

Mode o . Relay operation
Communication failure mode -
No. PUP scheme POP or UOP scheme BOP scheme (SCFCNT=Trip) |BOP scheme(SEGFCNT=BLK)
1 CF occurs at relay A's CH1 -Case 1 (Fault at near A-term) | -Case 1 (Fault at near A-term) | -Case 1 (Fault at behind A-term) | -Case 1 (Fault at behind A-term)
Foley Toloy B Relay A: Z1 trip Relay A: Z1 trip Relay A: BOP trip blocked Relay A: BOP-ripsblocked
X% CH2 Relay B: PUP trip Relay B: POP or UOP trip Relay B: ditto Relay B: ditto
Relay C: PUP trip Relay C: POP or UOP trip Relay C: ditto Relay C: ditto
| T_ felay € ‘ | I -Case 2 (Fault at near B-term) | -Case 2 (Fault at near B-term) | -Case 2 (Fault at behind B-term)#*{” -Case 2 (Fault at behind B-term)
> Relay A: PUP trip by backup Relay A: POP or UOP trip by | Relay A: BOP trip blocked by Relay A: BOP trip blocked by
carrier backup carrier backup carrier backup carrier
Relay B: Z1 trip Relay B: Z1 trip Relay B: Trip blocked Relay B: Trip blocked
Relay C: PUP trip Relay C: POP or UOP trip Relay C: ditto Relay C: ditto
-Case 3 (Fault at near C-term) | -Case 3 (Fault at near C-term) | -Case 3 (Fault at behind C-term) | -Case 3 (Fault at behind C-term)
Relay A: PUP trip Relay A: POP or UOP trip by | Relay A: BOPitsip blocked Relay A: BOP trip blocked
backup carrier
Relay B: PUP trip Relay B: POP or UOP trip RelayB: ditto Relay B: ditto
Relay C: Z1 trip Relay C: Z1 trip Relay Ctditto Relay C: ditto
2 CF occurs at relay A's CH1 and -Case 1 (Fault at near A-term) | -Case 1 (Fault at near A-femm) | =Case 1(Fault at behind A-term) | -Case 1 (Fault at behind A-term)
B's CH2. Relay A: Z1 trip Relay A: Z1 trip Relay"A: BOP trip blocked Relay A: BOP trip blocked
Relay A Relay B Relay B: PUP trip by backup Relay B: POP or UOP trip by@y| Relay B: ditto Relay B: ditto
—X carrier backup carier
> Relay C: PUP trip Relay C: POP 01, UOP trip. Relay C: BOP trip blocked by Relay C: BOP trip blocked by
backup carrier backup carrier
| Relay C | I
> -Case 2 (Fault at near B-term) | -Case 2 (Fault at'iear B-term) | -Case 2 (Fault at behind B-term) | -Case 2 (Fault at behind B-term)
Relay A: PUP trip by backup | Relay A7 POP%RUOP trip by | Relay A: BOP trip blocked by Relay A: BOP trip blocked by
carrier backup carrier backup carrier backup carrier
Chain topology is same. Relay B: Z1 trip Relay B: Z1utrip Relay B: BOP trip blocked Relay B: BOP trip blocked
P P Relay C: PUP trip Relay C: POP or UOP trip Relay C: ditto Relay C: ditto
-Case 3 (Fault at near C-term)<y,-Case’3 (Fault at near C-term) | -Case 3 (Fault at behind C-term) | -Case 3 (Fault at behind C-term)
Relay A: PUP trip Relay A: POP or UOP trip by | Relay A: BOP trip blocked Relay A: BOP trip blocked
| Relay C I backup carrier
> Relay B: PUP trip Relay B: POP or UOP trip Relay B: ditto Relay B: ditto
Relay C: Z1 trip Relay C: Z1 trip Relay C: ditto Relay C: ditto
3 CF occurs at relay A's CH2 and -Case 1 (Fault'atinear A-term) | -Case 1 (Fault at near A-term) | -Case 1 (Fault at behind A-term) | -Case 1 (Fault at behind A-term)

Relay A: BOP trip blocked
Relay B: ditto
Relay C: ditto

-Case 2 (Fault at behind B-term)

Relay A: BOP trip blocked
[Command protection blocked
under Severe CF in
SCFCNT=BLK]

Relay B: BOP trip blocked
Relay C: ditto

-Case 3 (Fault at behind C-term)

Relay A: BOP trip blocked
[Command protection blocked
under Severe CF in
SCFCNT=BLK]

Relay B: BOP trip blocked

Relay C: ditto
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Mode o . Relay operation
Communication failure mode
No. PUP scheme POP or UOP scheme BOP scheme (SCFCNT=Trip) | BOP scheme (SCECNT=BLK)
4 CF occurs at relay B's CH2 and | -Case 1 (Fault at near A-term) | -Case 1 (Fault at near A-term) | -Case 1 (Fault at behind A-term) | -Case 1 (Fallt at behind A-term)
C's CH1 Relay A: Z1 trip Relay A: Z1 trip Relay A: BOP trip blocked Relay A: BORytrip blocked
Relay A Relay B Relay B: Distance delay trip Relay B: Distance delay trip Relay B: BOP trip Relay B: BOP trip
v A | ¢ y
[Carrier trip is impossible.] [Carrier trip is impossible.] (Block command can't be [Command protection blocked
—F— oHL received) under Severe CF in
SCFCNT=BLK]
| Relay C | Relay C: Distance delay trip Relay C: Distance delay trip Relay C: BOP trip Relay C: BOP trip
[Carrier trip is impossible.] [Carrier trip is impossible.] (Block command canit be [Command protection blocked
received) under Severe CF in
SCFCNT=BLK]
Severe CF mode -Case 2 (Fault at near B-term) | -Case 2 (Fault at near B-term) | -Case 2 (Fault at behindB-term) | -Case 2 (Fault at behind B-term)
Relay A: PUP trip Relay A: POP or UOP trip Relay A: BOP trip'blecked Relay A: BOP trip blocked
Relay B: Z1 trip Relay B: Z1 trip Relay B: ditto Relay B: ditto
Relay C: PUP trip Relay C: POP or UOP trip by | Relay Ciditto Relay C: ditto
backup carrier
-Case 3 (Fault at near C-term) | -Case 3 (Fault at near C-term) | «Casé3 (Fault at behind C-term) | -Case 3 (Fault at behind C-term)
Relay A: PUP trip Relay A: POP or UOP trip, Relay A: BOP trip blocked Relay A: BOP trip blocked
Relay B: PUP trip Relay B: POP or UOP trm by RelayB: ditto Relay B: ditto
backup carrier
Relay C: Z1 trip Relay C: Z1 trip Relay C: ditto Relay C: ditto
5 CF occurs at relay A's CH1 and | -Case 1 (Fault at near Aterm) | -Case 1 (Fault atnear A-term) | -Case 1 (Fault at behind A-term) | -Case 1 (Fault at behind A-term)

C’s CH1.

Relay A

Relay B

Relay C

el

Relay A: Z1 trip
Relay B: PUP trip

Relay C: PUP trip by backup
carrier

-Case 2 (Fault at near B-terd),

Relay A: PUP trip by backup
carrier

Relay B: Z1 trip
Relay C: PUP trip

-Case 34Fault athear C-term)
Relay A:; RUPtrip

Relay B: PUR.trip
Relay CyZ1 trip

Relay A: Z1 rip
Relay B: POP orUOP trip
Relay ¢ POPer UOP trip by

backup carrier

-Case 2 (Fault at near B-term)

Relay A: POP or UOP trip by
backup carrier

Relay B: Z1 trip

Relay C: POP or UOP trip by
backup carrier

-Case 3 (Fault at near C-term)

Relay A: POP or UOP trip by
backup carrier

Relay B: POP or UOP trip
Relay C: Z1 trip

Relay A: BOP trip blocked
Relay B: ditto

Relay C: BOP trip blocked by
backup carrier

-Case 2 (Fault at behind B-term)

Relay A: BOP trip blocked by
backup carrier

Relay B: BOP trip blocked
Relay C: ditto

-Case 3 (Fault at behind C-term)
Relay A: BOP trip blocked

Relay B: ditto
Relay C: ditto

Relay A: BOP trip blocked
Relay B: ditto

Relay C: BOP trip blocked by
backup carrier

-Case 2 (Fault at behind B-term)

Relay A: BOP trip blocked by
backup carrier

Relay B: BOP trip blocked
Relay C: ditto

-Case 3 (Fault at behind C-term)
Relay A: BOP trip blocked

Relay B: ditto
Relay C: ditto
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CF occurs at relay A’'s CH1 and
C's CH1.

Relay A

Relay B

Relay C

]

-Case 1 (Fault at near A-term)
Relay A: Z1 trip
Relay B: PUP trip

Relay C: PUP trip by backup
carrier

-Case 2 (Fault at near B-term)

Relay A: PUP trip by backup
carrier

Relay B: Z1 trip
Relay C: PUP trip

-Case 3 (Fault at near C-term)
Relay A: PUP trip

Relay B: PUP trip by backup
carrier

Relay C: Z1 trip

-Case 1 (Fault at near A-term)

Relay A: Z1 trip

Relay B: POP or UOP trip by
backup carrier

Relay C: POP or UOP trip by
backup carrier

-Case 2 (Fault at near B-term)
Relay A: POP or UOP trip by

backup carrier
Relay B: Z1 trip

Relay C: POP or UOP trip by
backup carrier

-Case 3 (Fault at near C-term)
Relay A: POP or UOP trip by
backup carrier
Relay B: POP or UOP trip by
backup carrier
Relay C: Z1 trip

-Case 1 (Fault at behind A-term)
Relay A: BOP trip blocked
Relay B: ditto

Relay C: BOP trip blocked by
backup carrier

-Case 2 (Fault at behind B-term)

Relay A: BOP trip blocked by
backup carrier

Relay B: BOP trip blocked
Relay C: ditto

-Case 3 (Fault at behind C-term)
Relay A: BOP trip,blocked

Relay B: BORyip blogked by

backup-carfier
Relay/C: BOPtip, blocked

-Case 1 (Fault at behind“Asterm)
Relay A: BOP trip blocked
Relay B: ditto

Relay C: Bﬁp bhm by

baekup cartier

-Case 2 (Fault at behind B-term)

Relay A: BOP trip blocked by
backup carrier

Relay B: BOP trip blocked
Relay C: ditto

-Case 3 (Fault at behind C-term)
Relay A: BOP trip blocked

Relay B: BOP trip blocked by
backup carrier

Relay C: BOP trip blocked

Mode
No.

Communication failure mode

Relay operation

PUP scheme

POP or UOP sgheme

BOP scheme (SCFCNT=Trip)

BOP scheme (SCFCNT=BLK)

CF occurs at relay A’s CH1,
B’s CH2 and C's CH1

Relay A
I
@ |~

Relay C
LG‘J

Severe CF mode

Relay B

-Case 1 (Fault at near A-term)
Relay A: Z1 trip

Relay B: PUP trip by backup
carrier

Relay C: PUP trip

-Case 2 (Fault at near B-term)

Relay A: Distance delay trip
[Carrier trip is impossibley]

Relay B: Z1 trip
Relay C: PUP trip

-Case 3 (Fault at'iear C4erm)

Relay AgDistangee, delay trip
[Carfiertrip is impossible.]

Relay B: PUP trip

Relay'C: 1 trip

-Case 1 (Fault at néar A-tefm)

Relay A: Z1trip

Relay B: P@P or UQR tiip by
backup carrier

RelayGaROP ORUOP trip by

backup, carrier

-Case 2 (Fault at near B-term)

Relay A: Distance delay trip
[Carrier trip is impossible.]

Relay B: Z1 trip

Relay C: POP or UOP trip by
backup carrier

-Case 3 (Fault at near C-term)

Relay A: Distance delay trip
[Carrier trip is impossible.]

Relay B: POP or UOP trip by
backup carrier
Relay C: Z1 trip

-Case 1 (Fault at behind A-term)
Relay A: BOP trip blocked

Relay B: BOP trip blocked by
backup carrier

Relay C: BOP trip blocked

-Case 2 (Fault at behind B-term)

Relay A: BOP trip
(Block command can't be
received)

Relay B: BOP trip blocked
Relay C: ditto

-Case 3 (Fault at behind C-term)

Relay A: BOP trip
(Block command can't be
received)

Relay B: BOP trip blocked

Relay C: ditto

-Case 1 (Fault at behind A-term)
Relay A: BOP trip blocked

Relay B: BOP trip blocked by
backup carrier

Relay C: BOP trip blocked

-Case 2 (Fault at behind B-term)

Relay A: BOP trip blocked
[Command protection blocked
under Severe CF in
SCFCNT=BLK]

Relay B: BOP trip blocked
Relay C: ditto

-Case 3 (Fault at behind C-term)

Relay A: BOP trip blocked
[Command protection blocked
under Severe CF in
SCFCNT=BLK]

Relay B: BOP trip blocked

Relay C: ditto
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IEC/UK Inverse Curves (NI) IEC/UK Inverse Curves (VI)
(Time Multiplier TMS = 0.1 - 1.5) (Time Multiplier TMS = 0.1 - 1.5)
100 100
10
10
z O
(V]
£ £
- =
g 2
s j
g 2
° o
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0.
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1 10 @ 0 1 10 100
Current (Multiple of settm Current (Multiple of Setting)
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IEC/UK Inverse Curves (El)
(Time Multiplier TMS = 0.1 - 1.5)

1000

100

Operating Time (s)
o

—_—

1 10 100
Current (Multiple of Setting)

Long Time Inverse
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1. Failed module tracing and its replacement

If the “ALARM” LED is ON, the following procedure is recommended. If not repaired, contaet
the vendor.

Procedure Countermeasure

No failure

“ALARM” LED ON?

Not displayed

Any LCD messages? Press [VIEW] key Contact the vendor.

Yes

Not displayed

Contact the vendor.

Locate the failed module. Locate thefailed module referring to Table S-1.

Cautiony, Check that the replacement module has an
identical module name (VCT, SPM, 101,
102, etc.) and hardware type-form as the
failed module. Furthermore, the SPM and
GCOM modules must have the same
software name and version. Refer to
Section 4.2.5.1.

DC supply “OFF”

Module replacement

As shown in the table, some of the messages cannot
l/ identify the fault location definitely but suggest plural
possible failure locations. In these cases, the failure
location is identified by replacing the suggested
failed modules with spare modules one by one until
the "ALARM" LED is turned off.

BC supply “ON”

|

“‘ALARM” LED OFF?

If both “IN SERVICE” LED and “ALARM” LED are

\L OFF, check the followings.
Check: Is DC supply voltage available with the correct
End polarity and of adequate magnitude, and

connected to the correct terminals?
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If any messages are shown on the LCD, the failed module or failed external circuits can be
located by referring to the following table.

This table shows the relationship between messages displayed on the LCD and estimated failure
location. Locations marked with (1) have a higher probability than locations marked with (2)¢

As shown in the table, some of the messages cannot identify the fault location definitely but
suggest plural possible failure locations. In these cases, the failure location is identified by
replacing the suggested failed modules with spare modules one by one until the "AARM"
LED is turned off.

The replacement or investigation should be performed first for the module ofgircuit with higher
probability in the table.

If there is a failure and the LCD is not working such as a screen is fugzen opnot displayed, the
failure location is any one of SPM and HMI module.

If there is a failure and no message is shown on the LCD, it m€ans that the failure location is
either in the DC power supply circuit or in the microprocessorSimounted on the SPM module. In
this case, check the "TALARM" LED. If it is off, the failuredSiin the DC power supply circuit. If
it is lit, open the relay front panel and check the LEDgymounted on the SPM module. If the LED
is off, the failure is in the DC power supply circuity I, the®LED is lit, the failure is in the
Mmicroprocessors.

In the former case, check if the correct DC voltageis,applied to the relay. If it is, replace the
10#1 module mounting the DC/DC convertergfandicontirm that the "ALARM" LED is turned
off. In the latter case, replace the SPM moduleymounting the processors and confirm that the
"ALARM" LED is turned off.
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Table S-1 LCD Message and Failure Location

Message Failure location Q
VCT SPM 01 102 103 104 105 106 HMI Communi- Discon c
(GCOM) or cation ector ca

108 Channel

Checksum err x S

ROM data err x

ROM-RAM err v \%

SRAM err x

BU-RAM err X @

DPRAM err X 0

EEPROM err x Q

A/D err X

VO err x(2)  x(1) (b % (2)

V2 err x(2)  x(1) x (2)

10 err x(2)  x(1) % (2)

CTerr x(2)  x(2) \ x (1)

Sampling err X K

DIO err x(2)  x(1) x(1) @Mn x (1)

RSM err x(2)  x(1)

DS fai <@ %) \ (1)

Ch.1fail, Ch. 2fail x (2)* x (1)*

Com.1 fail, fail-R % (2) @ x (1)

Com.2 fail, fail-R . Q

Sync. fail, Sync.2 fail % (2) \ (1)

TX levelt err, x K’K x (1)

TX level2 err

RX level1 err, @ x (1)

RX level2 err

CLK1 fail, \@2) x (1)

CLK2 fail

Td1 err, Td2 er@ % (2) x (1)

Term1 rdy off, x (*)

Term2 rdy off

RYID1 ef, RYID2 &r « (")

VT fai % (2) x (1)

of LCD % (2) % (1)

The location marked with (1) has a higher probability than the location marked with (2).
The item of location marked with (*): also check the remote terminal relays and equipment.
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2. Methods of Replacing the Modules

A CAUTION  When handling a module, take anti-static measures such as wearing ah
earthed wrist band and placing modules on an earthed conductive matf
Otherwise, many of the electronic components could suffer damage.

CAUTION After replacing the SPM module, check all of the settings including the PLC
and IEC103 setting data are restored the original settings.

The initial replacement procedure is as follows:

1). Switch off the DC power supply.
A WARNING  Hazardous voltage may remain in the DC circBijusfafter switching off the
DC power supply. It takes about 30 seconds for the voltage to discharge.
2). Remove the front panel cover.
3). Open the front panel.

Open the front panel of the relay by unscrewing the'binding screw located on the left side of
the front panel.

\

* TOSHIBA I : 7
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Case size,; 1/2”inchs

4). Detach the helding,bar.

Detach the moduleésiolding bar by unscrewing the binding screw located on the left side of
the bar.
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5). Unplug the cables.

Unplug the ribbon cable running among the modules by nipping the catch (in case of black
connector) and by pushing the catch outside (in case of gray connector) on the connegter:

Gray connector ™=

WEN

Black connector

6). Pull out the module.
Pull out the failure module by pulling up or down the tepyand'bottom levers (white).

H

SPM ‘module

7). Insert the replacementymodule.

Insert the replacement module into the same slots where marked up.

8). Do the No.540"'No4’steps in reverse order.
A CAUTION Stpply DC power after checking that all the modules are in their original

positions and the ribbon cables are plugged in. If the ribbon cables are not
plugged in enough (especially the gray connectors), the module could suffer

damage.

Details of the gray connector on modules (top side)

X Not enough OEnough
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9). Lamp Test
e |RESET| key is pushed 1 second or more by LCD display off. O

e It checks that all LCDs and LEDs light on. 0

10). Check the automatic supervision functions.
e LCD not display “Auto-supervision” screens in turn, and Event Records

e Checking the “IN SERVICE” LED light on and “ALARM LED” lig i
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Ordering
1. Distance Relay

Relay Type:

Distance relay with integral digital communication

[orzroo]-[ Je-[ L -{ LK1

Relay Model:

-Model210: With autoreclose for single breaker scheme
18 Bls, 22 BOs, 6 trip BOs
22 Bls (12-independent), 18 BOs, 3 trip BOs
25 Bls (12-independent), 36 BOs, 3 trip BOs
-Model310: With autoreclose for one and a half breaker scheme

-Model220: With autoreclose for single breaker scheme
18 Bls, 22 BOs, 6 trip BOs
22 Bls (12-independent), 18 BOs, 3 trip BOs

-Model310: With autoreclose for one and a half breaker scheme
18 Bls, 22 BOs, 6 trip BOs
18 Bls, 40 BOs, 6 trip BOs

211
214
216

311

221
224
226

321
323

Ratings:

1A, 50Hz, 110V/125Vdc
1A, 60Hz, 110V/125Vdc
5A, 50Hz, 110V/125Vdc
5A, 60Hz, 110V/125Vdc
1A, 50Hz, 220V/250Vdc
1A, 60Hz, 220V/250Vdc
5A, 50Hz, 220V/250Vdc
5A, 60Hz, 220V/250Vdc
1A, 50Hz, 48V/54V/60Vdc
1A, 60Hz, 48V/54V/60Vdc
5A, 50Hz, 48V/54V/60Vdc
5A, 60Hz, 48V/54V/60Vdc
1A, 50Hz, 24V/30Vdc

1A, 60Hz, 24V/30Vdc

5A, 50Hz, 24V/30Vdc

5A, 60Hz, 24V/30Vdc

Integral communication interface:

Electrical interface (CCITT-G703-1.2.1)

Electrical interface (CCITT-G703-1.2.2 or 452:3)

Optical interface(Short wavelength light: Gl: 2kmclass)
Optical interface(Long wavelength light: SM: 30km class)
Optical interface(Long wavelength lighty DSEu80km class)
Electrical interface (RS530, X.21)

Communications:

RS485
Fibre optic
Dual RS485
Dual fibre optic
RS485 + fibre optic
Note:
Fibre optic is available for. madel 216,226 and 323.
10BASE-T option is‘available for specific configuration.

Miscellaneous:

[ None N 4
GPS opt. input

LED label:

Standard
Option: User configurable LED label
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Version-up Records

Version Date Revised Section Contents
No.

0.0 May. 25, 2005 - First issue

0.1 Dec. 28, 2006 1 Added the description in Table 1.1. (OV&UV, BCD)
24 Added the description. (OV&UV, BCD)
24141 Modified the description and Figures 2.4.1.1 and 2.4.1.2.
2412 Modified the description and Figure 2.4.1.8, and added Figure 2.4.1.7.
2413 Modified the description in ‘Blinder setting’.
2442441 - Modified the description and Figure 2.4.4.1.
24.4.4)
245 Modified the description and Figure 2.4.5.1.
246 Added ‘Note’.
249 Added Section ‘2.4.9 Overvoltage and Underveltage Protection’.
2410 Added Section ‘2.4.10 Broken ConductorBetegtion’.
24.15 Added ‘Note’.
24.16 Modified the description and Figurey2.4.16:1.
2514 Modified the description in ‘Nete®and Figure 2.5.1.5.
2515 Modified the descriptiop,andFigtre|2%5.1.6.
2516 Modified the description.
2.6.1 Modified the description and Figures 2.6.1.1 and 2.6.1.2.
2.7.2.1 Modified the description"and Figures 2.7.2.1 and 2.7.2.3.
2722 Modified the desefiptiontand Figures 2.7.2.7 and 2.7.2.8.
315 Modified the deScriptions
334,335 Modified the deseription.
3.3.10 Modified the description and added Figure 3.3.10.1.
421 Modified the‘description.
4243,426.7, Modified the'description and samples of LCD screens.
426.10
44 Modified the description.
6.5.1 Added Sections 6.5.1.8 and 6.5.1.9.
Appendices Medified Appendix A, C, E, H, |, K, N, O and R.

0.2 Feb. 1, 2007 21.6 Deleted Section 2.1.6.
2438 Modified the description.
2411 Modified the description and added Figure 2.4.11.2.
2.8.1 Modified the description.
b5 Modified the description.
4243 Modified the description.
6.7.246.7.3 Modified the description and Table 6.7.1.
Appendices Modified Appendix C, G, K, N, Q and R.

0.3 Oct. 19, 2007 24.1.3 Modified the description of ‘Blinder setting’ and Figure 2.4.1.2.
24.3.1,24.3.2, Modified the description and Figures 2.4.3.1, 2.4.3.2 and 2.4.3.3 (TCHD).
2433,
2435 Modified the description and Figures 2.4.3.5 and 2.4.3.6.
24.4.1 Modified the description and Figure 2.4.4.4.
24.7 Modified Figure 2.4.7.1.
2492 Modified the setting range table.
2410 Modified the description and added Figure 2.4.10.2.
2514 Modified the description.
28.1,655 Added ‘Note’.
4231 Modified the sample of the fault record screen.
4246 Modified the description of ‘Note'.
55 Added the description about interface of telecommunication.
6.7.3 Modified the description of ‘CAUTION'.
Appendices Added Appendix R and modified Appendix B, G, K, Sand T.
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