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INTRODUCTION

This paper describes a newly designed relay system suitable for transmission
line protection up to 230 kV. It is a modular system which enables relays to
be constructed to suit a particular application without departing from the
principle of a single physical relay unit. The distance relays Type LZ 91

and LZ 92 are fully solid state and are of the switched type having one mea-
suring system for all types of faults. The design employs the latest tech-
nology using integrated circuits, quartz reference timers and digital settings.
These relays are applied in protection situations requiring high security, low
cost, high flexibility and as supplements to overcurrent or directional over-
current schemes where a more complicated distance scheme is not cost effective.

REQUIREMENTS FOR MEDIUM VOLTAGE LINE PROTECTION

The term "medium voltage" is referring to distribution and subtransmission net-
works up to a voltage level of approximately 230 kV. Because of the increasing
exploitation of networks in this voltage range, they are often densely inter-
meshed, especially for subtransmission purposes.

Distance protection has already been widely accepted for the protection of H.V.
and E.H.V. networks [1], [2]. However, this type of protection offers signifi-
cant advantages also for medium voltage networks. Compared with the presently
widespread use of directional overcurrent and directional ground overcurrent
[3] and/or pilot wire protection within this voltage range, distance protection
treating all kinds of fault in one relay meets all the requirements which are
generally posed in medium voltage networks:

- ©Speed requirements: These are not as severe as in H.V. and E.H.V. systems,
where extreme short operating times are required and 10-20 ms can be achieved
by our distance relay LZ 96 (1, Fig. 8). However, a distance relay in a
medium voltage network should operate within approximately 2 cycles, which
is considered to be short enough to mitigate stability problems in subtrans-
mission applications.

—- Cost requirements: Investments into protection of medium voltage networks
should be adequate for the purpose. Therefore, a distance relay for this
voltage range can be considerably reduced in cost by adopting the concept
of switching one measuring unit to voltages and currents chosen by fault
detectors (starting).

- Intermeshed medium voltage network: In order to get optimal selectivity,
in intermeshed systems unit protection devices such as pilot wire protec~-
tion are adequate. These systems employ the transmission of analog infor-
mation (phase currents) between the ends of the protected element (line,
cable, transformer). However, a distance protection scheme can be adapted
to perform as a unit protection by adding a signal transmission link over
power line carrier, telephone line or microwave which transmits only
digital information (tripping or blocking command) [4].



- Security requirements: A redundant scheme with main and backup protection
is recommended to meet the increased reliability requirements especially
for subtransmission systems (e.g. two distance relays with equal or dif-
ferent tripping times and/or operating principles) [4]. Because the dis-
tance relays are equipped with up to three additional zones, they provide
backup protection for the adjacent lines with graded tripping times.

Taking into account all the requirements listed above, a switched distance
protection scheme such as LZ 91/92 [5] together with digital information
links seems to be much more adequate for medium voltage line and cable pro-
tection than directional current and pilot wire schemes.

According to past experience, a permissive underreaching scheme is adequate
for most applications, although other types of schemes are possible [4]. 1In
this scheme the relays at both ends are set to about 85% of the feeder imped-
ance. Faults in the remaining 157 at each end of the line are immediately
cleared in the first zone at one end while a tripping signal in base time is
transmitted through the link to the other end. This signal causes the breakers
to open only if the fault detectors of the associated switched distance relay
have picked up. These fault detectors can be of the impedance type such as in
LZ 92 and LZ 92-1 for normal source impedances. They can also be used for
phase selection during single phase tripping. It is then possible to perform
phase selection with only one signal channel.

Because of the transmission of the tripping signal, this scheme works as a

unit protection in the same way as any pilot protection scheme with its ad-
vantage of shortest possible clearing times for all fault types and locations
on the line. Additionally, it provides the advantage of a step distance sys-
tem because it works as backup protection for the adjacent lines. It is
superior to a differential protection system because it assures full protection
even if the signal transmission fails. Also, the transmission of pure tripping
commands, as adopted in our scheme, is more secure than the transmission of
analog current values as in differential protection.

The three relays for the protection of medium voltage overhead lines and cables
presented in this paper are as follows:

- LZ 91 with overcurrent fault detectors
- ILZ 92 with impedance fault detectors

- LZ 92-1 with impedance fault detectors and healthy polarizing
voltage and memory for the directional measuring unit

These relays are described in the following section.




MAIN TECHNICAL FEATURES

The 1Z 92 relays are primarily intended for the step distance and pilot pro-
tection of overhead lines and cables. They are combined phase and ground
fault relays for use in the ungrounded, impedance grounded or solidly grounded
systems. The adjustment of the relays to suit the method of system grounding
is performed with a single switch.

The relays are fully solid state, statically switched relays, i.e. they have

one measuring system for all types of faults. The quantities required in order

to measure a particular kind of fault are selected by the fault detectors and
applied to the measuring system. A polygon characteristic is used (Fig. 1)
formed by three phase angle comparator units. This enables the reach in the
resistive direction to be set up to a factor of five times the reactive reach
for the treatment of fault resistance.

LZ 91 with its overcurrent fault detectors is most suited to systems where
fault currents are always distinctly higher than the maximum load current.
At higher voltages under minimum operating conditions the minimum fault cur-
rent can be less than the maximum load current that can be reached under
maximum operating conditions and where this applies LZ 92 with its genuine
impedance starting characteristic is used. Additionally, in LZ 92-1 the di-
rectional circuit within the measuring system receives a healthy polarizing
voltage instead of the faulted voltage. For three phase fault this voltage
is derived from the prefault voltage by the memory circuit which consists of
a band pass filter conserving the healthy polarizing voltages for approxi-
mately 7-8 cycles. Thus, a correct determination of the fault direction is
assured for all types of faults.

The polygon characteristic of the measuring unit is of particular benefit for
the detection of high resistance faults in general and especially in connec-
tion with short lines. The possibility of separately setting the resistive
reach also makes it a simple matter to satisfy specific requirements with a
particular protected unit.

The operating times are in the range 33 to 35 ms at 60 Hz and are widely in-
dependent of the fault location and the system operating conditions (Fig. 2).

The timer is quartz-controlled and, therefore, highly accurate for reliable
discrimination. There are four distance zones, three provided by the mea-
suring system, the fourth having the reach of the starters. The fourth can
also be made either directional or non-directional. The reach of the first
zone can be switched by an external signal applied via a d.c. isolated in-
put. This feature is used in zone extension schemes. '

The distance relays at the ends of a line or cable can be coupled by a commu~-
nications channel [4], [7]. 1If the link is by pilot wires, a supplementary
unit ER 91 or NR 91 is required.



In the cases where the signal coupling is by power line carrier or other high-
frequency signals, no additional relay interface equipment is required for the
zone acceleration and permissive underreach tripping schemes. The correspond-
ing signals are coupled into the distance relays from the h.f. equipment via
optocouplers which provide d.c. isolation and do not cause any delay.

Three-phase fast and/or slow automatic reclosing relays WT 91 and WT 92, which
are of the modular design, can be used together with these distance relays.
Where necessary, a synchronism—check relay is also available.

By automatically reversing the direction of measurement of any selected distance
zone, buses and transformers behind the relay can be protected, and since the
zones are set completely independently of each other, a zone looking in the re-
verse direction can be set, for example, shorter than the first zone without
difficulty.

300

STARTING
CHARACTERISTIC

FIGURE 1

LZ 92 STARTING AND TRIPPING CHARACTERISTICS
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FIGURE 2 TYPICAL OPERATING TIMES FOR LZ 91, LZ 92 AND L7 92-1

CONSTRUCTION PRINCIPLES OF THE DISTANCE RELAYS 1Z 91, LZ 92 AND LZ 92-1

The relays are part of the Modures protection system [6], which ensures full
compatibility, so that custom-designed schemes can be achieved without com-
plication. The relays are of compact plug-in design, it being possible to
accommodate the basic relay plus some supplementary functions in a single 19"
rack. The modules for LZ 91, LZ 92 and LZ 92-1 have the same connection lay~-
out and the same width and, therefore, are interchangeable. As with the
Modures system in gemeral, all the settings are made on digital thumbwheel
switches (Fig. 3), and the reach of the fault detectors and of the measuring
unit can be set independently.

The front plate signals are logically arranged light emitting diodes (LED's)
which show up clearly against the dark front plates. Contacts are available
for remote signalling. Push buttons and sockets for measurements are provided
on the front of the relay to facilitate testing. A plug and socket comnector
are also available for speedy and simplified injection testing.

As with all BBC solid-state distance relays, the new types LZ 91, LZ 92 and
LZ 92-1 are compatible with electromechanical versions, even if the electro-
mechanical relay has a circular characteristic.

The d.c. auxiliary supply is derived from the station battery by a d.c./d.c.
converter Type NF ... from the Modures program. Tt isolates the electronic
circuits from the station d.c. network, contains h.f. filters and stabilizes
the output voltages. Designs exist for all standard input voltages and the
permissible variation and ripple of input voltage is high. The power for
large combinations of relays can be provided by two or several supply units
to obtain redundancy.
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OPERATING PRINCIPLE

Fig. 4 shows the basic block diagram of the relays LZ 91, LZ 92 and LZ 92-1.

The currents and voltages from the instrument transformers are transformed to
the appropriate evaluation levels by the input and filtering circuits. These
stages also provide the d.c. isolation and contain interference filters and
overvoltage suppressors. Linearized interposing c.t.'s (transactors) remove
almost completely the d.c. component of fault currents.

The fault detector unit (starter) evaluates the input quantities and detects
the kind of faults. It supplies this information (faulted phases A,B,C and
ground G) to the selector circuit and starts the timer.

The appropriate quantities for fault measurement are connected via a solid-
state switching circuit (field-effect transistors) to the measuring system.
The phase selection circuit of LZ 92 and LZ 92-1 can be supplied suitable
for all the usual phase preference logics. Please refer to Tables 1 and 2
for the standard phase selection logic. In the LZ 92-1 this logic is pro-
grammable by the user.

Table 1 - Selection of measurement quantities for LZ 91

Operating mode vy Operating mode A
Measurement Measurement

Fault Starting Quantities Starting Quantities:
AG A AG - -
BG B BG - -
CG C CcG - -
AB AB AB A AB
BC BC BC C CB
AC AC AC AC AC
ABC ABC AC AC AC
ABCG ABC AC ACG AG
ABG AB AB AG AG
(aBG) B BG G BG
(ABG) A AG AG AG
BCG BC BC CG CG
(aCG) C CG CG CG
(BeG) B BG G BG
CAG CA CA CAG AG
(cAG) A AG AG AG
(CaG) C CG CG CG

Lower case letters denote:

Phase with low current, remote fault position.




Table 2 - Selection of measurement quantities for LZ 92

Measurement Quantities
Fault Starting Operating mode Y Operating mode A
AG AG AG -
BG BG BG -
cG CcG CG -
AB (A)B1 AB AB
BC (B)cl BC BC
CA (C)Al CA CA
ABC ABC AC AC
ABCG ABCG AC AC
ABG ABG AB AG(BG) 2
aBG BG BG BG
AbG AG AG AG
BCG BCG BC CG
bCG G cG G
BeG BG BG BG
CAG CAG CA CA
cAG AG AG AG
CaG CcG CG CG

Lower case letters denote:

1. Phase in brackets need not necessarily start.

2. For cyclic phase preference A-C-B-A.
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STARTING SYSTEM

LZ 91 uses an overcurrent fault detector, which is applied only for high cur-
rent faults. Experience has shown that the three true impedance fault detect-
ing relays such as in LZ 92 and LZ 92-1 have the following advantages:

- Setting in ohms per phase, so that the reach is clearly defined and entered
in the setting table in the same way as the settings of the measuring unit.

- Positive pick-up and correct phase selection, even for distant faults with
low fault current and only partial voltage reduction at the relay location.

- No false tripping under weak load conditions when a fault at a lower voltage
level causes reduced system voltage.

= Circular characteristics in R-X plane (Fig. 1).

The corresponding block diagram is given in Fig. 5. The three impedance relays
4a, b and ¢ are connected to the phase current and, depending on the kind of
fault, to a corresponding phase-to-phase or phase~to-ground voltage. The sen-
sitive overcurrent relay 2 measuring the neutral current switches the voltage
over in the event of a ground fault via the static switches la, b and c¢. It
is possible to supply an additional zero sequence voltage as the criterion for
the ground fault. The impedance setting in ohms per phase is also a common
thumbwheel switch for the three fault detector relays. To prevent unwanted
tripping, arrangements must be made to block the relay in the event of faults
on the v.t. leads, or operation of the fuses or miniature circuit breaker of
the v.t. circuit. For this purpose the optocoupler 6 can be actuated by
either a normally-closed or normally-open contact.

The selector circuit provides the measuring system with two measuring quan-
tities VF and TIF, which represent together the actual value of the loop
impedance ZF to be measured.

In 1LZ 92-1 additionally a polarizing voltage Vp is provided. Its phase can
be selected by the user, e.g. as indicated in Table 3. These three measur-
ing quantities are selected for the available input quantities according to
Table 3.
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Table 3

Selection of Measurement Quantities for LZ 92-1

Short Circuit
Between Phases Signals From Grounded Grids Isolated Grids Vp
(G = Ground) Fault Detector Loop Between Loop Between (LzZ 92-1)
A-G A,G A~G - B-C
B~G B,G B~G — C-A
C-G C,G C-G - A~B
A-B B A-B A-B C-A
B-C C B-C B-C A~B
C-A A C~-4 C~A B~
A-B-C A,3B,C A-C A-C B-~C*
A-B-C~G A,B,C,G A-C A-C B-C*
A-B-G A,B,C A-B A~G{B~G) | B-C(C-A)
a-B-G 3,6 B-G B-G C-A
A~b-G A,G A-G A-G B-C
B~C-G B,C,G B-C -G A-B
b-C-G C,G c-G C-G A-B
B~¢~G B,G B~-G B-G C-A
C~A~G C,A,G C~A A-G B-C
c-A=G A,G A-G A-G B-C
C~a=G C,G -G C-G A-B
* - memory
~ small letters mean distant faults with weak current
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MEASURING SYSTEM

It is the purpose of the measuring system to determine the location of the
fault. To do this, three independent measurements D, L and R are performed.
The following separate measurements form the polygon tripping characteristic
(Fig. 6):

- Directional measurement D to determine fault direction (Fig. 6a)
~ Reactance measurement WL for the reactive reach (Fig. 6b)
- Resistance measurement R for the resistive reach (Fig. 6c¢)
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Each measurement consists of phase comparison between two voltages derived
from Vg and Iy (the latter via a replica impedance). For the wL and R
measurements and for D measurement in LZ 92, Vy and Iy are the loop values
of the faulty phases according to the table, so they measure the fault im-
pedance Z (Fig. 3). 1In LZ 92-1 the D unit is fed by Vp and Ip so it
measures in principle the fault plus the source impedance (Z + Zgp in

Fig. 3). So the ability to discriminate the fault direction for close-up
faults (Zp = 0) is increased. Tripping is only permitted when all three
measurements D, wL and R pick up together, the composite characteristic
becomes a polygon. Controlled by the timer, the amplification of the
amplifier is switched at the end of each time step to extend the reach of
wL and R according to the impedance settings of the zones.

To enable the distance relay to measure the distance of ground faults cor-
rectly, it is necessary to compensate the influence of the ground impedance
on the loop (Ip, Vy) by adding a portion K, of the neutral current to the
faulted phase current. Since the measuring unit determines the quotient of
the quantities Vy and Iy, it thus measures the positive sequence impedance
of the line in ohms per phase only. The ground impedance Zp can have a dif-
ferent phase-angle to that of the line, especially so in the case of a cable
system. Distance relays with polygon characteristics must, therefore, in-
clude means of setting the angle as well as the amount of the zero sequence
compensation (Fig. 7). In the relays LZ 91, LZ 92 and LZ 92-1 the zero-
sequence compensation k can be set in small steps between 0 and 3.9 and its
argument K between 0 and 180 degrees. With the angle K set to 180 degrees,
K becomes negative, as may be required, for example, when protecting trans-
formers.

The actual combination of the output signals takes place in the tripping
logic (Fig. 8), which for added security also requires at least one starting
relay to have picked up. Tripping can also be inhibited by the continuous
supervision circuit should one of the supervised voltages not have the pre-
scribed value. The heavy duty tripping relay 8 issues the tripping command
to the circuit-breaker coil.

The zone timers perform the task of switching the reach of the relay in se-
quence. As grading times become tighter and reliable discrimination becomes
more important, the overall accuracy of the timers in a modern distance re-
lay such as LZ 91, LZ 92 and LZ 92-1 must meet higher standards. So all
timers are digital counters counting the impulses of a quartz time base and
comparing them with the digital thumbwheel setting.
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TESTING THE RELAYS LZ 91, LZ 92 AND LZ 92-1

The essential electronic functions can be quickly and simply checked using
the test buttons om the front of the relay, thus tripping circuits are in-
stantly isolated and the corresponding starting relay is activated. Acti-
vation of the starters enmables the operations of the timers and the zone
timer indication to be checked. Providing the direction of energy flow in
the line is known, with this simple method it is also possible to check the
correctness of the directional measurement.

A suitable test set is necessary to quantitatively test the operation of the
relays. However, the Modures relays' design permits simplification of the
testing procedure to make it more reliable. This involves equipping the re-
lays with a test socket XX 91 into which a test plug YX 91 is inserted to
connect the test set to the relay. So all necessary switching changes are
made and the c.t. circuits shorted in the correct sequence. The test socket
XX 91 is mounted in the same equipment rack as the relay and is protected
when not testing by a removable cover plate (Fig. 3). For testing, the
testing plug YX 91 is inserted into the equipment rack in the same way as

a plug-in relay unit.

Measuring points within the relay are also connected to sockets on the front
of the relay as an aid to testing, commissioning and troubleshooting, enabl-
ing a number of voltages and currents and some other important signals to be
measured with a normal measuring instrument. In the case of the currents,
proportional voltages are measured.

APPLICATION EXAMPLE

In this example consider the 230 kV transmission lines between Stations A, B
and C as indicated below as the system to be protected. Station A is a switch-
ing station in the network; Station B has no sources but it feels a critical
load and Station C is a nuclear generating station. This system is fed by an
overlaid 500 kV transmission system and it is, therefore, considered as a sub~-
transmission system. Power line carrier (PLC) is considered to be the only
available communication system for relaying since microwave is not available.
The telephone system is considered not useable for relaying since the lines

are rurally located and more than one telephone company serves the area.

230 kV SYSTEM

Zi = 0.07 + j0.76 Z1 = 0.29 + 33.19

< Zo = 0.64 + 32.08 Zy = 2.68 + j8.71

- — O

A B C

SWITCHING CRITICAL LOAD GENERATING
STATION STATION

Z1 = 0.36 + 12.94 Zq = 0.71 + j6.06
Zo = 0.47 + j3.87 Zo = 2.97 + j13.4

All impedances are in % on 100 MVA Base
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Since the lines A-B and B-C are part of a looped system, some form of pilot
relay protection is necessary to prevent coordination problems with back-up
relays. In addition to the pilot system, the line is protected by 3 zones
of step distance phase relays and by directional and non-directional ground
instantaneous and time overcurrent relays. Traditionally, a directional
comparison blocking system is used for this purpose. However, since Station
C is a generating station, only synchrocheck reclosure is allowed. There-
fore, with a blocking system, a fault on the line A-B with a carrier blocking
failure on line B-C would cause breakers at A-B and C to open, leaving the
load isolated from the supply. Since reclosing at C is only allowed if the
line is alive, a lengthy outage would result for the customer{s) served from
Station B.

The alternatives for pilot relay protection are as follows:

Permissive Overreach Transfer Trip {POTT)
Permissive Underreach Transfer Trip (PUIT)
Directional Comparison Unblocking

Since the permissive schemes suffer from the disadvantage of having to trans-
mit a tripping signal through the faulty line, the unblocking scheme was
chosen. This scheme has the advantage of a POTT scheme by being a tripping
scheme, but at the same time is more reliable since tripping can take place
if the line is faulted and the PLC signal does not get through.

The operating principle is as follows: Consider the line B-C. Overreaching
relays set at approximately 125-150% of the line impedance are located at
both ends. If a fault occurs within the zome, frequency shift PLC equipment
is keyed from guard to trip. Tripping takes place if:

1. Local relay picks up in trip direction,

2. Remote trip signal is received or guard signal is
missing for 150 ms.

RELAY SELECTION

The choice of protection scheme depends on many factors such as:

reliability

security

speed

method of starting (fault detector selection)

Due to the nature of the sensitive load, security was considered the most
important feature. A switched relay such as the LZ 91 or LZ 92 fulfills
this requirement because of the sequential measurement principle. By using
both starting and measuring relays, at least two criteria are required to
be met for a trip output. A third requirement is the low set overcurrent
supervision.
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The method of starting (fault detectors) depends on the relationship between .
the minimum calculated phase fault current (MIN FAULT) and the maximum ex-
pected load current (MAX LOAD). In order to use overcurrent starting (LZ 91),
the following relationship must hold under all conditions: F

MIN FAULT > MAX LOAD

If this inequality is not fulfilled, then impedance starting must be used

(LZ 92). 1In general lower voltage systems 33-69 kV tend to have high fault
currents in relation to the load current. The opposite holds true for higher
voltage systems. Each case must be reviewed since there are always excep-
tions. Whenever there is any doubt about the sensitivity of overcurrent
starting, then impedance starting should be used.

For the example given, the maximum expected load current is given as the ther-
mal rating of the line which in this case is 1200 Amps. For a 3 phase fault
at Station B, the line current C-B is calculated at 2260A. However, a phase-
to-phase fault would be approximately 86% of this value (1954a). Since it is
desirable to have a ratio of at least 3 to 1 of calculated fault current to
relay setting to insure reliability, there is insufficient fault current in
this system to apply overcurrent starting. Therefore, the LZ 92 is chosen.

RELAY SETTINGS

FAULT DETECTORS (STARTING)

Only the settings for the relay at Station C will be discussed. The principles
apply in general to all stations. The impedance starters are normally non—
directional impedance circles in the R-X plane. Offset can be made if neces-
sary. The impedance starters should be set to prevent the healthy phases from
operating under maximal load conditions during a single phase-to-ground fault.
The setting is calculated according to the following formula:

Z start = -85 Vpp I

. 0.9

where .85 is the reduction factor of the unfaulted phase voltages
during a phase~to-ground fault

Vi1, is the line to line voltage of the system
ry 1is CT ratio

ry 1is VT ratio

I;, is Max load current

Iz 1is balancing current in the unfaulted phases during a
phase-to~ground fault (from the short circuit study)
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For this example we are given:

ViL = 230 kv
I, = 1200 Amps
Ip = 600 Amps
Ty = 1200/5 = 240
Ty = 230kV/45V = 2000
Zgeart = 3.38 Ohms
Zg =11LN
N
Settings: H=1, Iy =5, N = 16 (actual reach is 3.2 Ohms since 16 is

the nearest tap)
ZERO SEQUENCE COMPENSATION FACTOR Kg

The setting of K, is made to compensate the relay with zero sequence current
so that the measuring system will have the same reach for phase and ground
faults.

KO=

Z1 = positive sequence impedance of the protected line

Z, = zero sequence impedance of the protected line
Z1 = .29 + 33.19%
Zo = 2.68 + i8.71%

Since K, is unitless, primary or secondary impedance can be used in either
ohms, per unit or percent.

1.9

i

Ko’= 1.86 setting

]

¥K, = ~-18.3° setting = -20°
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MEASURING ZONES

In this system the overreaching system has to be set (Z2) as well as Zone 3
back-up zones. Since K, compensates for ground faults, the setting is made
according to the positive sequence impedance.

Zp: set to 125~150% of the protected line reactance including the
effect of infeed (mo infeed in this example)

Xine Bg = J3-19%
Xline ac = 1-76%
Xline BC é 2.02 secondary ohms
X ine AC = 0.48 secondary ohms

Since the setting of 1257 in this case would result in a reach extending to
Station A, the setting is based on 100% X1ine B~c + 75% X14ne B—A*

ZONE 3

This zone is usually set to cover 100% of the longest adjacent line to the
remote bus with infeed. A setting without infeed can be used if the latter
would result in a setting which exceeds Z For simplicity in this case
no infeed is assumed at Station A.

start-

Xline B-c T *line poa = 33-19% + j0.76%

The actual adjustment on the relay is made as follows:

X =H My 100

In Ny

H

it

a constant based on the voltage rating
for 100-130V, H = 1

H
i

Ny = rated current of the relay (usually CT rating)

=,
]

basic reach 0.1, 1.0 or 10

=4
[l

percent tap adjustable 1-99

Adjustments are made as follows:

Zone 2 2.38 10 84

Zone 3 2.5 10 80
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TIME DELAY

Each digitally controlled quartz timer is set independently. The Zone 2
timer is employed as back up in case of channel failure. The setting
takes into account relay plus channel plus breaker time failure AB (B re~
lay) plus a coordinating margin. This is calculated as follows:

Relay time at B = 35 ms
Channel time Line A-B = 16 ms
3 Cycle breaker at B = 50 ms
Margin = 200 ms
Total time (tj) = 0.3 sec.

The Zone 3 timer t3 is set to coordinate with the adjacent Zone 2 timer
at Station B.

ty) (B) = 0.3 sec.
Breaker time = 6.05 sec.
Margin = 0.2 sec.
Total time = 0.55 sec.

There is also a timer ty, associated with the fault detector. It is usually
set very long since it should only operate in case of a catastrophic fail-
ure. ‘

ty timer = 5.0 sec.

RESISTIVE REACH

The factor R/X must be adjusted to take into account arc resistance. This
factor is common to all measuring zones.

Assumptions : Arc resistance=1.8 {/meter
(from Warrington's formula)

Phase spacing = 6.5 meters

Secondary Arc Resistance = T
L x1.8x6.5=1.40

Ty

Since the Zomne 2 reactance setting is 2.3 §, then a setting of R/X = 1 will
give a resistive reach of 2.3  which is more than adequate to cover the
arc resistance of 1.4 Q.
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CONCLUSION

The approach to medium voltage line protection using switched distance relays
is an economical and technical alternative to traditional methods. Full pro-
tection can be achieved at minimum cost with greater security. Modern tech-
nology has made possible the development of the LZ 91, 92 and 92-1 relays
using digital techniques to improve performance. As shown by the example,
the application of these relays is not more complicated than applying non-
switched schemes.
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