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Chapter 1 Introduction

About this chapter

This chapter introduces the user to the content in the manual. The intended use of the
manual and the intended audience is described. The introduction chapter also contains
references to other documents.
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Introduction to the technical reference manual

About this manual

Thetechnical reference manual describes how the relay can be applied and used for dif-
ferent purposes. The manual is intended to be used when calculating how the relay
could be configured to suit different networks and systems. The technical reference
manual is also intended to be used for reference purposes when knowledge in how the
relay is designed and the theories of operation is needed. The technical reference man-
ual doesnot contain any instructions, only technical descriptionsabout therelay and the
protection assemblies.

The technical reference manual contains the following chapters:

« Theoverview chapter gives a brief overview over the application and design of the
protection.

« Theapplication chapter describes the application possibilities for the various pro-
tection functions available in the relay.

* Therequirements chapter contains descriptions concerning the different require-
ments that have to be fulfilled in order to achieve reliable operation of the protection.

» Thefunctional description chapter contains description about the theories of opera-
tion for the protection.

» Thedesign description chapter contains description about the different parts that
constitutes the protection assembly.

* Thetechnical data chapter contains technical data presented in tables.
« Theordering chapter contains ordering tables which could be used when ordering.

Intended audience

General

The intended audience is the system engineer responsible for calculating how the relay
should be set and configured.

Requirements
The intended audience is supposed to have good knowledge in protection systems for
transmission and distribution electrical systems in order to understand the content in
this manual.
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Chapter 2 Overview

About this chapter

This chapter introduces the user to the measuring relay. The features are presented and
the application and the design for each protection function is given as a summary. By

reading this chapter the user will gain an overview over the functionality of the relay.
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Features

Three phase compact current relay for:
« Phase overcurrent protection, three stages
e Earth-fault overcurrent protection, three stages

» Phase and earth fault overcurrent protection functions with

- Three stages, the first stage has selectable time delay; definite or inverse. The
second and the third stage have definite time delay

- Logic for detection and clearance of intermittent faults

« General characteristics for the relay
- There are two groups of parameters settable and readable through the HMI
- The dialog with the relay can be made in English or Swedish

- There are two binary inputs for blocking or enabling of selected functions. The
binary inputs can also be used for change of setting groups

- There are five binary output relays, which can be independently configured for
the different protection functions

- Service values (primary/secondary) and disturbance information can be present-
ed through the HMI

- Start, trip can be presented through the HMI
- The relay has self-supervision with output error signal

- Testing of the output relays and operation of the binary inputs can be performed
through the HMI
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General

Compact current relay RXHL 401

The compact current relay RXHL 401 has awide application range from main to back-
up protection for feeders and lines, transformers, capacitor banks, electric boilers as
well asfor generators and motors.
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Functions

Overcurrent protection

Application

In radially fed power networks the phase overcurrent function can be used as main or
back-up short circuit protection for lines and transformers. The time current character-
istic (definite time or any of the inverse time characteristics) should be chosen accord-
ing to common practice in the network. Normally the same time current characteristic i
used for al phase overcurrent relaysin the network. Thisincludes phase overcurrent
protection for lines, transformersand other equipment. The measuring relay offersgreat
flexibility in the choice of time characteristic.

Thereisapossibility to use phase overcurrent protection in meshed systemsas short cir-
cuit protection for lines. It must however be realised that the setting of a short circuit
protection system in meshed networks, can be very complicated and alarge number of
fault current calculations are required. There are situations where thereis no possibility
to achieve selectivity with a protection system based on phase overcurrent relaysin a
meshed system. In combination with impedance relays or line differential protections,
phase overcurrent relays can serve as back-up short circuit protection for parts of the
lines.

For shunt capacitors, shunt reactors, motors and other similar equipment phase overcur-
rent protection can serve as main or back-up short circuit protection. Also for these ap-
plications the time characteristics should be chosen so that co-ordination with other
overcurrent protection in the power system can be made.

Asthe short circuit current level will change depending on the switching state in the
power system, there is a great benefit to be able to change parameter-setting groups
when the switching statein the system is changed. The measuring relay will enablethis.

The blocking option can be used to decrease fault time for some fault points (for exam-
ple busbars) in radially fed networks.

Design

The overcurrent protection has alow set stage with inverse or definite time delayed
function. The inverse time characteristics are provided with minimum operate time for
improved selectivity in certain applications. The low set stage also hasareset timelogic
for detection of intermittent faults. If the protection starts and the fault current dropsthe
reset of the function will be made gradually so that the integrated fault current time area
will be remembered for sometime. In case of an intermittent fault every re-strike of the
fault will increase the integrated current-time area so that the fault can be tripped.
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The overcurrent protection has two high set stages with definite time delayed function.
The overcurrent protection is designed for low transient overreach which allows ex-
tended reach and smaller setting margins.

The following characteristics are selectable for the low set stage (diagrams are shown
in the chapter “Design description”):

1. Definite time delayed

2. Inverse time delayed:
- Normal inverse (NI)
- Very inverse (VI)
- Extremely inverse (El)
- Long time inverse (LI)
- Rlinverse (RI)

NI, VI, El and LI according to IEC 60255-3.

RI-curve according to old electromechanical relays manufactured by ASEA.

Earth-fault protection

Application

The earth-fault protection is non-directional and based on a measurement of the residual
current. It is mainly used in solidly and low impedance grounded networks. In high im-
pedance grounded networks, the size of the network and national standards are the fac
tors determining whether the protection can be used. The high set stages are used in the
similar way as they are in the phase overcurrent protection, but only in solidly and low
impedance grounded networks.

In solidly grounded networks the earth-fault currents can be of the same order of mag-
nitude as the short-circuit currents.

Earth-faults with high fault resistance can be detected by measuring the residual cur-
rent. This type of protection provides maximum sensitivity to high resistive earth-faults.
It is often required to clear the earth-faults with residual currents of magnitudes which
are as low as 50-100A.

In high-impedance grounded networks a sensitive non-directional earth-fault overcur-
rent function can be used as a protection for cross-country faults. This is due to the fact
that there is a risk that cross-country faults will not activate directional earth-fault over-
current relays.
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In some systems a medium impedance resistive system grounding is used. The neutral

point resistor will give an earth-fault current, larger than the capacitive earth-fault cur-
rent of the lines and cablesin the system. If the system is operated radially the non-di-
rectional earth-fault overcurrent protection can be used as earth-fault line protection.

In many applications adirectional function of the residual overcurrent protection is de-
sirable. In such cases the measuring relay can be used in combination with the direc-
tional relay RXPDK 23H, that will provide enable criteriain case of earth-faultsin the
forward direction.

Both inverse time characteristics protection as well as three step definite time charac-

teristics are used. If inverse time characteristics are used with equal currents and time
settingsfor all residual current protectionsin the system. Selectivity isusually achieved
as long as there are more than two bays carrying fault current to each substation.

Itisalso possibleto usethe protection asamulti-stage earth-fault current line protection
where the first stage has instantaneous function and covers most of the protected line.
The second stage hasashort delay (about 0.4 s) and coverstherest of theline. Thethird
stage has alonger delay and will give relatively rapid and selective fault clearance of
high resistive phase to earth-faults.

Design

The earth-fault protection has alow set stage with inverse or definite time delayed func-
tion. The inverse time characteristics are provided with minimum operate time for im-
proved selectivity in certain applications. The low set stage also has areset time logic
for detection of intermittent faults. If the protection starts and the fault current dropsthe
reset of the function will be made gradually so that the integrated fault current time area
will be remembered for sometime. In case of an intermittent fault every re-strike of the
fault will increase the integrated current-time area so that the fault can be tripped. The
earth-fault protection has two high set stages with definite time delayed function. The
earth-fault protection is designed for low transient-overreach which allows extended
reach and smaller setting margins.

The following characteristics are selectable for the low set stage (diagrams are shown
in the chapter “Design description”):
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1. Definitetime delayed
2. Inversetime delayed:
- Normal inverse (NI)
- Veryinverse (VI)
- Extremely inverse (El)
- Longtimeinverse (L)
- Rlinverse(RI)
- Logarithmic inverse (LOG)

NI, VI, El and L1 according to |EC 60255-3.

RI-curve according to old electromechanical relays manufactured by ASEA.

L OG-curve according to RXIDG relay manufactured by ABB.

11
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Chapter 3 Application

About this chapter
This chapter describes the application possibilities for the various protection functions
availablein the relay. The main purpose of each function is given and the different ap-

plication variants. By reading this chapter the user will gain knowledgein how therelay
can be used for different applications.

13
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Protection system requirements

Protection systems haveto fulfil different utility requirements. Often they also have to
fulfil requirements specified in national safety regulations. In general the requirements
can be summarized as follows:

« The protection system shall have a high degree of dependability. This means that the
risk of missing fault clearance shall be low. Back-up protection is necessary to
achieve this.

« The protection system shall have a high degree of security. This means that the risk
of unwanted relay function shall be low.

e The fault clearing time shall be minimized in order to limit the damages to equip-
ment, to assure angle stability and to minimize the risk for people from getting inju-
ries.

« The protection system shall have sufficient sensitivity so that high resistive faults
can be detected and cleared.

« The fault clearing shall be selective to minimize the outage and make it possible to
continue the operation of the healthy parts of the power system.
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2 Overcurrent protection

Two- or three-phase time-overcurrent relays can be used as phase to phase short-circuit
protection inradial high impedance grounded networks for over-head lines, cablelines
and transformers. Three-phase time-overcurrent relays can also be used as phase to
phase and phase to ground short-circuit protection in solidly grounded radial networks
for over-head lines, cable lines and transformers.

2.1 Selection of type of short-circuit line protection in Medium
Voltage (MV) networks

Itisdifficult to give some very simplerulesfor the selection of line protection, inaMV
system. However there are some hints given below.

The aternatives, considered here, for line short-circuit protection are the following:

Phase overcurrent protection

» Instantaneous function

» Definite time characteristics

» Current dependent time delay (inverse time characteristics)

» Any combination of instantaneous, definite time and inverse time function
» Directional/non-directional function

Current differential protection
» Phase segregated
* Non phase segregated (with auxiliary summation current transformers)

Distance protection
» Phase to phase loop measurement
» Phase to earth loop measurement

We study some examples of MV voltage power systems below.

211 Radial solidly grounded MV system with single phase lines

For the single phase lines a short-circuit is actually a phase to earth-fault. We can there-
for not distinguish between phase to phase and phase to earth-faults.

15
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In most cases it is sufficient to use simple non-directional phase overcurrent relays.
Here RAHL isapplicable. Thetime current characteristic should be selected according
to common practice in the network. Normally the same time current characteristic is
used for al phase overcurrent relaysin the network. Thisincludes phase overcurrent
protection for lines, transformers and other equipment. If the network has asolidly
grounded transformer in the feeding point of the network only, the overcurrent relay can
serve as aprotection for single phase to earth-faults too. There can however be difficult
to reach sufficient sensitivity for detection and clearance of high resistive earth-faults
with this solution. Thisis dueto the fact that it is difficult to distinguish between earth-
fault current and normal load current.

In some applications there are short lines, with other objects connected in series (other
lines, transformers or other power system objects). Thisis normally the case in distri-
bution networks for urban areas. The use of overcurrent relays as short-circuit protec-
tioninthese casescan result in long functional time delaysto assure selectivity. A better
alternative in such casesis often to use current differential protection as line short-cir-
cuit protection. The current differential protection can serve as protection for single
phase to earth-faults as well.

In some cases fuses can be used as short-circuit protection of radial lines. However, in
these cases the extremely inverse time characteristic in therelay can be used to achieve
discrimination with fusesin the same network.

Radial solidly grounded MV system with three phase lines only

In most cases it is sufficient to use simple non-directional phase overcurrent relays.
Here RAHL isapplicable. Thetime current characteristic should be selected according
to common practice in the network. Normally the same time current characteristic is
used for all phase overcurrent relays in the network. This includes phase overcurrent
protection for lines, transformers and other equipment. If the network has asolidly
grounded transformer in the feeding point of the network only, the overcurrent relay can
serve as aprotection for single phase to earth-faults too. There can however be difficult
to reach sufficient sensitivity for detection and clearance of high resistive earth-faults
with this solution.

In some applications there are short lines, with other objects connected in series (other
lines, transformers or other power system objects). Thisis normally the casein distri-
bution networks for urban areas. The use of overcurrent relays as short-circuit protec-
tioninthese casescan result in long functional time delaysto assure selectivity. A better
aternative in such casesis often to use current differential protection as line short-cir-
cuit protection. The current differential protection can serve as protection for single
phase to earth-faults as well.
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Meshed solidly grounded MV system with three phase lines only

Thereisa possibility to use overcurrent protection in meshed systems as short-circuit
protection. It must however be realized that the setting of a short-circuit protection sys-
tem in meshed networks, can be very complicated and a large number of fault current
calculations are needed. When of the computer software for protection coordination,
available at the market today, is of great help in these situations. Still, there might be
situations where there is no possibility to have selectivity with a protection system
based on overcurrent relays, in a meshed system.

The normal selection for short-circuit protection in meshed networkswould be to use a
protection system based on distance protection. The distance protection should have
both phase-phase measurement |oops aswell as phase to earth measurement loops. The
number of zones to be used is dependent on the way back-up protection shall be ar-
ranged. If local back-up isused two or three zones are normally sufficient. If remote
back-up protection shall be used, for example for back-up protection of transformers,
three or even more zones are required.

In some applications there are short lines, with other objects connected in series (other
lines, transformers or other power system objects). Thisis normally the casein distri-
bution networks for urban areas. The use of overcurrent relays as short-circuit protec-
tioninthese casescan result in long functional time delaysto assure selectivity. A better
aternative in such cases is often to use current differential protection asline short-cir-
cuit protection. The current differential protection can serve as protection for single
phase to earth-faults as well.

Radial high impedance grounded MV system

In most casesit is sufficient to use simple non-directional phase overcurrent relays.
Here RAHL isapplicable. Thetime current characteristic should be selected according
to common practice in the network. Normally the same time current characteristic is
used for all phase overcurrent relaysin the network. This includes phase overcurrent
protection for lines, transformers and other equipment.

In some applications there are short lines, with other objects connected in series (other
lines, transformers or other power system objects). Thisis normally the casein distri-
bution networks for urban areas. The use of overcurrent relays as short-circuit protec-
tioninthese casescan result inlong functional time delaysto assure selectivity. A better
aternative in such cases is often to use current differential protection asline short-cir-
Cuit protection.

In radial networks parallel lines sometimes are used. This means that we introduce
meshed loopsin networksthat basically haveradial structure. Inthe meshed loopsit can
be difficult, or even impossible, to achieve selectivity if non-directional overcurrent re-
lays are used. One solution can be to use directional overcurrent relays for some termi-
nals, as shown in figure 1.

17
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99001005.vsd

Figure 1: Radial network with a double circuit line having overcurrent protection
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Even if this protection system can be used it can be difficult to find suitable settings so
that requirements on fault clearance time and selectivity can be met. A better solution

is often to use current differential line protection for the parallel lines, as shown in fig-
ure 2.

99001006.vsd

Figure 2: Radial network with a double circuit line having differential protection

19
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Meshed high impedance grounded MV system

There is a possibility to use overcurrent protection in meshed systems as short-circuit
protection. It must however be realized that the setting of a short-circuit protection sys-
tem in meshed networks, can be very complicated and alarge number of fault current
calculations are needed. When of the computer software for protection coordination,
available at the market today, is of great help in these situations. Still, there might be
situations where there is no possibility to have selectivity with a protection system
based on overcurrent relays, in a meshed system.

The normal selection for short-circuit protection in meshed networkswould beto use a
protection system based on distance protection. The distance protection should have
both phase-phase measurement loops aswell as phase to earth measurement loops. The
number of zones to be used is dependent on the way back-up protection shall be ar-
ranged. If local back-up is used two or three zones are normally sufficient. If remote
back-up protection shall be used, for example for back-up protection of transformers,
three or even more zones are required.

In some applications there are short lines, with other objects connected in series (other
lines, transformers or other power system objects). Thisis normally the casein distri-
bution networks for urban areas. The use of overcurrent relays as short-circuit protec-
tioninthese casescanresult inlong functional time delaysto assure selectivity. A better
aternative in such casesis often to use current differential protection as line short-cir-
Cuit protection.

Selection of type of earth-fault line protection in Medium Voltage
(MV) networks

Radial single phase and solidly grounded Systems

For low resistive earth-faults the phase overcurrent protection will serve as earth-fault
protection.

For high resistive faults the detection of these faultsare difficult. Thisis dueto the fact
that the earth-fault current has the same magnitude asthe load current. Thereisresearch
going on within this area.

Radial solidly grounded MV system with three phase lines only

For low resistive earth-faults the phase overcurrent protection will serve as earth-fault
protection. Also residual overcurrent protection can be used as earth-fault protection.

For high resistive faults residual overcurrent protection can give sufficient sensitivity
asthis protection can be given acurrent setting considerably lower than theload current
of the protected line.
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Radial high impedance grounded MV system

In high impedance grounded networks the fault current, in case of single phase to earth-
fault, is significantly smaller than the phase to phase short-circuit current. The neutral
point voltage (zero sequence voltage) will adopt higher values, in case of earth-faults,
in high impedance grounded networks compared to solidly grounded networks.

Overcurrent protection, fed by theresidual current out onthefeeder, can normally serve
as earth-fault protection. There are some alternatives however in the selection of char-
acteristicsfor the protection. The system grounding will influence this selection strong-

ly.

Invery small MV systems, with asmall capacitance to ground it is suggested to use re-
sistance grounding. Therewill be awell-defined resistive earth-fault current component
(in phase with the residual voltage). If the resistive earth-fault current, at high resistive
earth-faults, is larger than the capacitive earth-fault current fed from the feeder at zero
resistive earth-faults in the network, non-directional earth-fault current protection can

be used. In most casesit is however beneficial to use directional earth-fault current pro-
tection, measuring the active earth-fault current component.

For MV systemswith only one or two feeders from the feeding transformer station it is
suggested to use resistive grounding. Thiswill assure that there will be awell-defined
resistive earth-fault current (in phase with the residual voltage) out on the faulted feed-
er. Directional earth-fault current protection, measuring theresistive earth-fault current,
should be used in this case. If the earth-fault current, emanating from the neutral point
resistor, islarge compared to the capacitive earth-fault current, non-directional earth-
fault current protection can be used.

For MV systems with reactance grounding (Petersen coil system grounding), direction-
a earth-fault current protection measuring the resistive earth-fault current should be
used. It is necessary to have aneutral point resistor connected in parallel with the Pe-
tersen coil. The earth-fault current protection should have directional function, measur-
ing the resistive component of the earth-fault current out on the feeder. If the earth-fault
current should be minimized the neutral point resistor must be taken away. In such a
case earth-fault current protection, detecting the transient from an earth-fault, can be
used.

If possible, it is of economical reasons beneficial to operate the network with isol ated
neutral. In such cases directional earth-fault protection, sensitive for the capacitive
earth-fault current, can be used. If the capacitive earth-fault current from the non-fault-
ed feeders, at high resistive earth-faults, islarger than the capacitive earth-fault current
fed from the feeder at zero resistive earth-fault in the network, non-directional earth-
fault current protection can be used.
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The non-directional earth-fault current protection function in RAHL 401 is applicable
in the cases when non-directional earth-fault current protection can be used.

Protection for cross-country faults

In high impedance grounded MV networks there isalways arisk that a single phase to
earth-fault in one phase will be followed by a second phase to earth-fault in another
phase. Thisisdueto thefact that thefirst earth-fault will give high phase to ground volt-
agesin the non-faulted phases (healthy phases). If theinsulation level is reduced some-
where in the network, the risk for a second fault is large. When the two phase to earth-
faults hit different feeders in the network, this fault is called a “cross-country” fault.

The fault current magnitudes and phase angles are difficult to calculate for cross-coun-
try faults. In general terms it can be said that the fault current magnitude normally is
larger than the single phase to earth-fault, but smaller than the phase to phase short-cir-
cuit current. After the second earth-fault has occurred there is a risk that the zero se-
guence voltage in the network will be low. Therefor there is a risk that a directional
earth-fault current protection will not operate.

An alternative for cross-country fault protection is to use non-directional earth-fault
current protection for the feeders. The current setting shall be lower than the short-cir-
cuit over current protection, and the time delay longer.

The non-directional earth-fault current protection function in RAHL 401 is applicable
as cross-country fault protection.

Blocking and enabling functions

The phase overcurrent protection and the earth-fault current protection can be used in
combination with blocking and/or enabling functions. This can be a way to achieve
short fault times for busbar faults or for faults on short lines. In figure 3 an example is
shown where a blocking signal is used to enable short busbar fault time.
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Blocking

99001007.vsd

Figure 3. Example of application with blocking function

The overcurrent protection of the transformer has ahigh current stage with a short func-
tional delay. This stage is blocked if ablocking signal is received from the feeder pro-
tections. In case of afault on afeeder the blocking will assure selectivity. In case of a
busbar fault the fault time will be relatively short.

Another example is when we have a small generating unit remotein the MV network.

With reference to figure 4, assume a short-circuit on the feeder connecting to the gen-
erating plant. Thiswill giverise to acomparatively small fault current from the plant.
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Enable

99001008.vsd

Figure 4: Example of application with enabling function

An enable signal is now sent from the feeder protection in the feeding station to the
feeder protection in the generating plant station. The enable signal will activate an over-
current protection stagewith alow current setting. Thiswill enablefault clearance from
the relatively weak infeed from the power plant. An aternative to the remotely sent en-
abling signal can be aloca under-voltage criterion.

RAHL is applicable for applications with blocking and/or enabling functions.
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Time characteristics

To achieve selective fault clearing the different protections and stages have to have dif-
ferent time delays. Several different time characteristics are available. They are de-
scribed below and some general guide-lines are given. However, as ageneral rule,
different time characteristics should not be used in one and the same system if not nec-
essary. An appropriate characteristic is therefore sel ected on the basis of previous prac-
tice.

Definite-time characteristic

The operate time isindependent of the fault current magnitude. The time co-ordination,
between relaysin series, iseasier then for inverse characteristic but the time delay often
will be unnecessarily long, especially when there are several over-current relaysin se-
riesin the system. The short-circuit power should not vary too much when using the
definite-time characteristic.

Inverse time characteristic

The operate timeis dependent of the fault current magnitude. For the co-ordination be-
tween the relays the inverse time characteristic is beneficial.

Therearethree standard (I EC) inversetime curves; normal, very and extremely inverse.
The additional curve, long-timeinverse, uses the same formula as the standard IEC
curves. Therelationship between current and time on the standard curves complieswith
the standard |EC 60255-3 and can generally be expressed as:

t = KB
o,
O>0
where:
t = operating time in seconds

k = settable inverse time factor

I = measured current value

I> = set current value

o = index characterizing the algebraic function

B = constant characterizing the relay

The characteristic is determined by the values of the constants a and [3:
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Characteristic a B
Normal inverse 0.02 0.14
Very inverse 1.0 13.5
Extremely inverse 2.0 80.0
Long-time inverse 1.0 120.0

According to the standard |EC 60255-3 the normal current range is defined as 2 - 20
timesthe setting. Additionally, therelay must start at the latest when the current exceeds
avalueof 1.3 timesthe set start value.

The characteristic of the RAHL satisfies the defined function in the standard at |east
down to 1.3 times the setting.

The time characteristics described below are available for the phase over-current pro-
tection function in RAHL.

Normal inverse characteristic

Normal inverse characteristic is suitable in systems with alarge variation in short-cir-
cuit power fault currentsfor different fault locations. The characteristic is shown in the
chapter “Design description”.

Very inverse characteristic

The operate time is more dependent of the fault current magnitude. Very inverse gives
a steeper curve than normal inverse and gives advantages in achieving selectivity be-
tween incoming and outgoing bays (meshed systems) with small difference in fault cur-
rent. The characteristic is shown in the chapter “Design description”.

Extremely inverse characteristic

The operate time is very dependent of the fault current magnitude. This characteristic
is intended for co-ordination with fuses on distribution or industrial circuits. The fuses
are used in situations requiring a high degree of overload capacity utilization and where
cold-load pick-up or energizing transient currents can be a problem. The characteristic
is shown in the chapter “Design description”.

Long-time inverse characteristic

This characteristic has the same current dependence as the Very inverse characteristic.
Itis used when longer time delays are desired. The characteristic is shown in the chapter
“Design description”.
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Rl inverse characteristic

Thischaracteristicis provided for applications requiring co-ordination with the original
ASEA typeRI electromechanical inversetimerelays. The relationship between current
and time for this curve complies with the following formula:

t = K

0 0
0.2360]
3).339 -=2=0

1>

Where:
t = operating time in seconds
k = settable inverse time factor

I = measured current value

I> = set current value

The characteristic is shown in the chapter “Design description”.

Selectivity

In radially fed networks the way to achieve selectivity can be described as follows. In
order to obtain selective tripping of the series connected circuit-breakers in the network,
the time delay setting must increase for each step towards the infeed point, if pure time
selectivity is used. This means that the tripping times will be longer the closer to the
feeding point in the network the overcurrent relay is placed, but at the same time the
short-circuit currents are increasing. It is therefore important that the time intervals be-
tween the different selectivity stages are the shortest possible. The minimum time inter-
val between relays, to be selective to each other, is dependent of the following factors:
the difference in pick up time of the relays, the circuit-breaker opening time and the re-
lay resetting time. If definite-time characteristic is used, 0.3 s is usually recommended
as a minimum time interval when the same types of relays are used.

It is easier to combine short fault clearance times with selectivity if combined current-

time selectivity is used. In figure 5 it is shown how selectivity in a radial network can
be realized with definite time and inverse time overcurrent protection.
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Definite time over-
current characteristics

Stage 3
Time
Stage 2 Stage 2
Stage 1 Stage 1 Stage 1
| i Fault point
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current characteristics
with inst function
Time
Fault point
position

99001009.vsd

Figure 5: Fault timeasa function of fault positionin aradial network with overcurrent
protection

Thetimeinterva hasto be longer when using inverse characteristic, due to anticipated
larger spread in the time function between different relays in the system, compared to
the definite-time. To be on the safe side atime interval of 0.4 sis sufficient for normal
inverse, very inverse and extremely inverse characteristics at a current corresponding

to the highest through-fault current or possibly the current that corresponds to the set-
ting of the instantaneous operation if this function is used.

To assure selectivity between different protectionsin aradial network, there has to be
aminimum time difference At between the time delays of two following protections.
The minimum time difference can be determined for different cases. To determine the
shortest possible time difference we must know the operation time of relays, breaker
opening times, relaysinaccuracy measuring times and relays resetting times. These
time delays can vary significantly between different devices of equipment. The follow-
ing time delays can be estimated:
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» Relay operation time: 15 - 60 ms

» Relay resetting time: 15 - 60 ms

» Breaker opening time: 20 - 120 ms

» Relay inaccuracy measuring time: 50 - 100 ms

Assume two substations A and B directly connected to each other via one line, as shown
in figure 6. We study a fault located at another line from the station B. The fault current
to the overcurrent relay of terminal B1 has a magnitude so that the protection will have
instantaneous function. The overcurrent protection of terminal A1 must have a delayed
function. The sequence of events during the fault can be described using a time axis.

t=0 The fault occurs

t=t; The trip signal from the distance relay at terminal B1 is sent. Operation time of
zone 1 operation of the distance relay is t;.

t=t, The circuit breaker at terminal B1 opens. The circuit breaker opening time is t; - t;_

t=t3 The distance relay at terminal Al resets. The relay resetting time is t3 - t,.

Al B1
Feeder
VAR VAR SN
T T ]
> >
Time axis
=0 t=t, t=t, t=t,
The fault Protection Breaker at Protection A1
occurs B1 trips B1 opens resets

99001010.vsd

Figure 6: Example for estimation of selectivity time
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To ensure that the overcurrent protection at terminal A1, is selectiveto the overcurrent
protection at terminal B1, the minimum time difference must be larger that the time ts.
There are uncertaintiesin the values of breaker opening time and relay resetting time.

Therefor a safety margin has to be included. With normal values the needed time dif-

ference can be calcul ated:

At>40ms + 100ms + 40ms + 100 ms +40ms = 320ms

Where the following is considered:

« Operation time of overcurrent protection B1: 40 ms
» Breaker open time: 100 ms

* Reset time of protection Al: 40 ms

* Inaccuracy measuring time: 100 ms

» Additional margin: 40 ms

Due to the microprocessor timing accuracy, these new relays can generally be used with
a tighter co-ordination margin than required for earlier static and electromechanical re-
lays. When in doubt, please consult ABB.

Setting of phase overcurrent short-circuit protection in radial
networks

Current Setting

The pick up current setting (inverse time relays) or the lowest current step (definite time
relays) must be given a current setting so that the highest possible load current does not
cause relay operation. Here consideration also has to be taken to the relay reset current,
so that a short peak of overcurrent does not cause operation of the relay even when the
overcurrent has ceased. This phenomenon is described in figure 7.
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Figure 7: Clarification of reset
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current of overcurrent protection

The lowest setting va ue can be written:

I
[ >1.2[FHaX

pu= k
Where:

1.2 = safety factor
k = resetting ratio of the relay

Imax = maximum load current
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The maximum load current on the line hasto be estimated. From operation statisticsthe
load current up to the present situation can be found. The current setting must be valid
also for someyearsahead. It is, in most cases, realistic that the setting values are updat-
ed not more often than once every five years. In many casesthistimeinterval is still
longer. There can be given two possibilities to determine the maximum load current to
be considered in the setting of therelay:

« Contact the planning department of the utility and ask them to estimate the future
maximum load current on the line. It can be valuable to have estimated values ap-
proximately five and ten years ahead.

* Investigate the maximum load current that different equipment on the line can with-
stand. Study components such as: line conductors, current transformers, circuit
breakers, and disconnectors. The manufacturer of the equipment normally gives the
maximum thermal load current of the equipment.

There is also a demand that all faults, within the zone that the protection shall cover,
must be detected by the phase overcurrent relay. The minimum fault cyggptid

be detected by the relay, must be calculated. Taking this value as a base, the highest pick
up current setting can be written:

lous 0.7 Ogcrmin
Where:
0.7 = safety factor

lscmin = Smallest fault current to be detected by the overcurrent protection

As a summary the pick up current shall be select within the interval:

ImaX
1.2 DT < Ipu <0.7 Dscmin
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The high current function of the overcurrent relay, which only has a short or no delay
of the operation, must be given a current setting so that the relay is selective to other
relaysin the power system. It is desirable to have arapid tripping of faults within as
large portion as possible of the part of the power system to be protected by the relay
(primary protected zone). A fault current calculation givesthe largest fault current, 1.
max. & the most remote part of the primary protected zone. Considerations have to be
made to the risk of transient overreach, due to a possible DC component of the short-
circuit current. The lowest current setting of the most rapid stage, of the phase overcur-
rent relay, can be written:

Ihigh 212 |:kf |:lscmax

Where:

1.2 = safety factor

ks = a factor considering the transient overreach due to the

DC component of the fault current

lscmax = the largest fault current at a fault at the most remote
point of the primary protection zone

Time setting

The operate times of the phase-overcurrent relay have to be selected so that the fault
timeis so short so that equipment will not be destroyed due to thermal overload, at the
same time as selectivity isassured. For overcurrent protection, in aradial fed network,
the time setting can be selected in a graphical way. Thisis mostly used in the case of
inversetime overcurrent relays. Figure 8 shows how thetime/current-curves are plotted
in adiagram. The time setting is sel ected to get the shortest fault time with maintained
selectivity. Selectivity isassured if the time difference between the curvesislarger than
acritical time difference.
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Figure 8: Example of time-current selectivity curves

Back-up protection

In meshed systems overcurrent relays can be used as back-up protection for phase to
phase short-circuits and phase to ground short-circuits on transmission lines. A very
simple way to realize thiskind of back-up protection scheme isto use atwo stage over-
current relay. The high current stage, with short time delay for operation, isgiven acur-
rent setting to assure selectivity. In practice thismeansthat this stage will normally only
cover asmall portion of the line. The low current stage, with alonger time delay for
operation, is given acurrent setting so that the whole transmission lineis covered. The
difficulty with this kind of back-up protection is that the settings must be valid for dif-
ferent operation states of the system, with different fault current levels.



Overcurrent protection Chapter 3
Application

A more sophi sticated back-up protection scheme can be realized as described below: In
meshed systems which are supplied from several directions (figure 9), the current
sensed by the relays during a fault will vary considerably. In such cases, inverse time
overcurrent protections which all have the same setting can be used as back-up protec-
tions. This provides good results since the fault current to the faulty line will awaysbe
higher than the fault current fed from the faultless lines, and therefore give the shortest
tripping time. There can however be some difficulties in case of small substations, for
example stations with only two connected feeders. With a fault on one of the feeders,
the feeders will have the same fault current.

L1 L2 L3

|
B

L+l H

,} L

Figure 9: System with several supply circuits

L. L5 L6

99000140.vsd

Inradial distribution systems normally the overcurrent protection for the supply trans-
former shall serve as back-up protection for the feeders. In many stations the combina-
tion of high rated power of the transformer and long feeders makes it impossible to
achieve acceptabl e back-up function to alarge extent of the feeders. The problem will
be even worse if two transformers operate in parallel.

To fulfil the basic requirement of back-up protection, the feeders that are lacking back-

up function, should be equipped with a supplementary overcurrent protection, and
breaker-failure protection.
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Three-phase versus two-phase overcurrent protection

In power systems with high impedance grounding, large fault currents only occur in
case of phase-to-phase and three-phase short-circuits. In case of such afault there will
be high current in at least two of the three phases during the short-circuit moment. In
solidly grounded system high current can be aconsequence also at single phase-to-earth
short-circuits. Below is discussed the selection of three-phase versus two-phase over-
current protection in systems with high impedance grounding.

In athree-phase overcurrent protective relay, both phase currents are always measured
when atwo-phase fault occurs. Therelay operates, therefore, even if one of the measur-
ing circuits should be faulty. A three-phase protection is therefore more dependable
than a two-phase protection. Compared to a summating type of protection, that has a
common measuring circuit, considerably greater dependability is achieved.

Asthere will always be fault currentsin at least one of the phases during short-circuit,
it isoften quite adequate to use two-phase protection for the feeders. It isabsolutely nec-
essary that the overcurrent relays are located in the same phases al over the network.
Thisis due to the demand to assure reliable detection of cross-country faults.

There is always arisk of cross-country faults. This means that there will be a phase to
earth-fault in one phase for one feeder and in another phase for another feeder. If two

phase over-current relays are used for the feedersin the system, thereis arisk that the
faulted phase on one of the feeders will be the non-protected phase. This can result in

an unwanted delay of thefault clearance. If athree-phase over-current protectionisused
thisrisk will be eliminated.

In networks with low short-circuit power, three-phase relays may, in some cases, be
necessary. In the event of atwo-phase short-circuit on one side of a D/Y -connected
transformer, full short-circuit current will only flow in one of the phases on the other
side of thetransformer. Approximately half the short-circuit current will flow inthe oth-
er phases. If a protection had to detect afault trough the transformer and a two-phase
short-circuit protection is used, the operation can be unreliable in this case.
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Example of a selectivity plan

The settings of the overcurrent protectionsin aradial network are to be calculated. The
relays have normal inverse characteristic and are located as shown in figure 10.

S,=175 MVA (min fault MVA )
S.=220 MVA (max fault MVA')

A o 55 kV
12 MVA X1, =8%
55/22 KV
=315 A
awosa § — 1
1
5 22 kv
so5A § — 2 | 1=220A
2
X,=0,4Q/km
15 km
C
) 22 kV
T 1,=157 A
6 MVA X =7%
22/11 kV Y/Y-connection
a05A § — 3
3
5 L 11 kv
100/5 A — 4
4
99000141.vsd

Figure 10: Radial network
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Determinate the equivalent impedance network related to the 22 kV levd (figure 11)
and calculate the fault currents, on the 22 kV voltage level. In the example all imped-
ances are considered to be pure reactances.

Uy? 222
= —— =2.2Q (max fault MVA level )
I:] Sec | 220
Uy? 222
= =2.8 Q (max fault MVA level )
Sec 175
A ®
Uy? 22°
I:I TN XT% :? .0.08=3.2Q
B
X =04-15=6Q
C
] Y 22 or-sew
Sy % 6 DA

99000142.vsd

Figure 11: Equivalent impedance network

The short-circuit currents are calculated for different fault pointsin the system. Thisis
done for both maximum and minimum short-circuit capacity.

Three-phase short-circuit current:
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| _ 22
SCA max — ,\/é .2

22

I - J32.2+3.2)

scB max

22

| i = —
SCA min ﬁ 2.8

Lo = 22 @
scB min Aﬁ3[(2.8+3.2)

The phase to phase short-circuit current can be found by multiplying the three phase

short-circuit current by afactor:

3
2
Max values Min values
lsca =5 770 A lsca = 4 540 A
lscg =2 350 A lscg =2 120 A
lscc =1 110 A lscc = 1 060 A
lscp = 750 A lscp = 720 A
Relay 4

The present setting of relay 4 isretained. The primary setting, referredto 22 kV isgiven

in the time curvesin figure 12.
Low set stage|>=50 A
Medium set stage I>> =250 A

Inverse time factor k = 0.10
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Referred to the relay side:

_ 25 _
1>= 50[%%— 5A

- 25 _
1>>= 250 (57 [yos= 25 A

Relay 3

Therated current || of the power transformer is315 A at 11 kV. The overload capacity
of the transformer is considered to be 40%. A normal setting for the low set functionis
calculated:

1.40
|>—— L 140BI5S_ g9

n 0.9

Where n is the resetting ratio of the relay. 500 A seemsto be a reasonable choice for
current setting of the low set stage. It shall be observed that the protection in this case
will be a short-circuit protection and not an overload protection.

Low set stage:

- S _
I>= 500 ;55 6.25 A

Referred to 22 kV the low set stage will be:

1>= 500[%= 250 A

The medium set stage must be blocked in order to achieve selectivity for faults on out-
going lines from D. To co-ordinate the time delay, the inverse time factor k = 0.05is
chosen from the time curve in figure 12.

Relay 2

Thisrelay constitutes aback-up protection for faults occurring on busbar D. Determine
the minimum two-phase fault current on busbar D:
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sc min

=720 [@2 620 A

The maximum setting of low set stage to assure fault clearance at busbar D:

1> =070 = 0.7 20 = 430 A

sc min

Select the low set stage setting I> = 300 A in order to obtain a good margin to the load
current for the feeder I =220 A. The medium set stage must be selective with respect
to relays for feeders from busbar C.

Select I>>=1.2 - 750 = 900 A and the medium set stage time delay as short as possible
(approximately 30 ms).

Select k = 0.10 from the time curve in figure 12.

Low set stage:

|>:300%:6A

Medium set stage:

I>> = 900 ?—EO =18A

Relay 1

The primary setting of the low set stage is:

I> = 315 [11.6 = 500 A

The relay constitutes a back-up protection for faults which occur up to breaker 3. In the
case of faults close to the breaker the safety factor in respect of a two-phase fault will be:

720 DJZ—E

500
Select k = 0.10 from the time curve in figure 12.

=1.25
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As the instantaneous function can not be used the medium set stage has to be blocked.

22 kV Example
4 3 \ 2
1 ! \ L
al SR
\ Y1\ \
\ \
\ \ \\
\
N N TN
1) 100 \\ \\\ \\ 1
- g AN 3 ~ g
° N
£
= 4 2
101
-2
10
102 10° current/A 104
bean] |

Al I I GD—|

99000432.vsd
Figure 12: Current-time characteristics for the studied network
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Earth-fault protection

The demandsimposed on the earth-fault protection are dependent on system grounding
and usually also on national requirements and previous practice.

All electrical power systems have a coupling to ground. The method of how the neutral
points of the system are connected to the ground defines the system grounding.

The system grounding can be either ungrounded, high-impedance grounded, low-im-
pedance grounded or solidly grounded. The grounding methods will influence the
earth-fault current and therefore also the selection of the earth-fault protection. The
magnitude of earth-fault current will vary widely from less than one ampere to severa
kilo-amperes depending on the grounding methods. This implies that the demands im-
posed on the earth-fault protection vary considerably.

Earth-fault protection in ungrounded or high-impedance grounded
system

An ungrounded system does not have any neutral-point equipment that influences the
earth-fault current. Voltage transformers and surge arresters may connect phase con-
ductors and transformer neutral points to ground. The system is coupled to ground via
the distributed capacitance to ground of the overhead lines and cablesin the system. In
these systems the earth-fault currents are an order of magnitude smaller than the short-
circuit currents and the shunt impedances determine the earth-fault currents. An earth-
fault with zero fault resistance will give a capacitive earth-fault current and the magni-
tude is determined of the size of the capacitance. Networks with small extension can
give earth-fault currents that are less than one ampere.

For ungrounded or high-impedance grounded systemsthe residual voltagewill bethree
times the phase voltage al over the system, in case of a phase-to-earth-fault with zero
fault resistance. Often there are demands on the protections to be able to clear faults
even if thereis aconsiderable fault resistance. In Sweden, for example, the earth-fault
protections sometimes shall be able to clear faults even if the fault resistanceis

5000 ohm. The fault resistance will reduce the residual voltage considerable.

The complex residual voltage (zero sequence) and earth-fault current, can be calculated
asfollows:
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Here V pase IS €qual to the phase to ground voltage before the fault, Ry is equal to the
fault resistance and Zg isthe MV system zero sequence impedance to ground. Z can
be expressed as.

Ungrounded system:

ZO = _jxc

Where:

X, =the system capacitive reactance to ground

Resistance grounded system:

_ -X.3BR,
0" —jX.+3R,

Where:

R, =the resistance of the neutral point resistor

Reactance-resi stance grounded system:

_ i(8X, —X,) BR,
07 j(8X,—Xy) +3R,

Where:

X, = the reactance of the neutral point reactor (Petersen coil)

A dternative way to express the neutral point voltage isto express the devel opment of
the earth-fault:
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Vo 1
3R

L3R
Z,

The total complex earth-fault current, in the fault point, can be expressed as.

3V

Phase

l = 3l =
J 0" Z,+3R;

The earth-fault current through the terminal of the faulted feeder is equal to the total
earth-fault current, as shown above, minus the capacitive earth-fault current emanating
from the faulted feeder itself.

In many casesthefeedershavedirectional earth-fault current protection, sensitiveto the
active earth-fault current, emanating from the neutral point resistor. This active earth-
fault current can be expressed:

| Yo g
j,active — RN
! VPhase

Where:

Irn = the rated current of the neutral point resistor

In networks with extensive overhead lines and underground cable systems, the capaci-
tive earth-fault current can be larger than 100 A and cause hazardous potential rise and
develop considerable heat at the fault location. It is therefore not acceptable to operate
ungrounded networks with very large capacitive earth-fault currents. It may be neces-
sary to ground the system via special equipment, that is compensator reactors, connect-
ed to atransformer neutral, in order to reduce the earth-fault current. Special equipment,
for example neutral point resistors, may be used to enable earth-faults to be cleared se-
lectively and rapidly. In a high-impedance grounded system the neutral-point can be
connected to ground viaaresistor or both aresistor and areactor. The shunt impedances
of lines and cables to ground and the neutral point impedance determine the earth-fault
currents.

It may be necessary to introduce aresistor if the contribution from the short distribution
lineistoo small to operate directional earth-fault relays.
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411 Non-directional earth-fault current protection

In some cases and radial systems, non-directional residual current protections can be
used as earth-fault protections. The earth-fault protection has an independent time delay
and selectivity is obtained by time-grading the different relays. The current setting nor-
mally corresponds to 10-40% of the maximum fault current and is the samefor al re-
laysin the system.

In the case of overhead lines, the capacitive current generated by the protected feeder
itself, should not exceed 66% of the operate value set on the line protection. For cables,
this value should not exceed 30% of the set value. Directional relays should be used for
higher values of the capacitive current of the protected feeder

Depending on the configuration of the system, the different capacitive currents of the
objects and the required sensitivity, directional earth-fault protections are often re-
quired.

Another application of the non-directional earth-fault protection isto detect cross-coun-
try faults. In this case the setting of the relay is higher than the capacitive earth-fault
currents of the feeder. This means that thisresidual current protection does not operate
for single-phase earth-faults. During normal operation the residual current is close to
zero which meansthat the setting may be lower than the setting of the overcurrent pro-
tection. The current setting can also be set to avery low value but the delay of the func-
tion shall be set to a high value to assure selectivity for single phase-to-earth-faults.

The non-directional earth-fault overcurrent protection function can be realized by
RAHL 401.

4.1.2 Directional earth-fault current protection

In ungrounded or high-impedance grounded systems where the capacitive current from
the protected lineislarge compared to the set operate value, directional residual current
protections can be used for earth-fault protection. Therelay usesthe residual voltage as
apolarizing quantity. Directional earth-fault protections normally has a current measur-
ing relay with independent time delay and acharacteristic angle which can be selectable
between a = 0° ora = -90°.

In ungrounded systems, the relay measures the capacitive current and the characteristic
angle is set ta = -90°. In resistance grounded systems, the characteristic angle shall

be set tax = 0° and the relay measures the resistive component of the earth-fault cur-
rent.
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4.3

In high-impedance grounded system with a neutral point reactor the directional
earth-fault protections should measure theresistive component of the earth-fault current
to achieve areliable selectivity. For that reason, aresistor normally hasto be connected
in paralel with the neutral point reactor to get a sufficiently high active current to the
directional relay. The characteristic angle shall be settoa = 0°.

The time delay settings of the earth-fault relays are chosen according to the same prin-
ciples as for the overcurrent relay.

Residual overvoltage protection

The transformer is often provided with a residual overvoltage protection. This protec-
tion may be the main earth-fault protection for the busbar in the distribution system and
the associated transformer windings. It may also provide back-up protection for the dis-
tribution feeders.

Earth-fault protection in low-impedance grounded system

In a low-impedance grounded system, a separate resistor is connected to a transformer
neutral point. In case of earth-faults the current from the neutral point resistor is signif-
icantly larger than the capacitive earth-fault current from overhead lines and cables in
the system. The fault current can therefor be said to be generated from one point only.
Selectivity is then achieved by time-grading the different earth-fault relays.

Normally, a sensitivity of 10-30% of the maximum fault current is required and this ap-
plies to all relays. An earth-fault relay can be included in the neutral point to serve as a
supplement and back-up protection.

The current setting of the relay is often chosen to correspond with that which the neu-
tral-point transformer can withstand continuously. It is also given a relatively long de-
lay of between 10 and 30 seconds. This can be complicated with the long-time inverse
characteristic.

Earth-fault protection in solidly grounded system

In solidly grounded systems there is a direct connection between transformer neutral
points and the ground. The earth-fault currents can be of the same order of magnitude
as the short-circuit currents and the series impedances determine the earth-fault cur-
rents. A fault-resistance can reduce the earth-fault currents considerably. Often the re-
sidual voltage is very small.

Except for measuring the residual current instead of the phase current the same princi-

ples and design of the earth-fault protection can be used in solidly grounded radial sys-
tems as for short-circuit overcurrent protection.
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In meshed transmi ssion systems distance protections are often used to clear earth-faults.
In many cases, however the fault resistance is much higher than the resistance that can
be covered by an impedance measuring distance relay.

Earth-faults with high fault resistance can be detected by measuring the residual cur-
rent. Thistype of protection provides maximum sensitivity to earth-faults with addi-
tional resistance.

Directional earth-fault protection is obtained by measuring the residual current and the
angle between the residual current and the residual voltage. Asageneral rule, selectiv-
ity, ismore easily obtained by using the directional instead of the non-directional earth-
fault overcurrent protection. High resistive earth-faults can also be detected by a sensi-
tive directional protection, the limiting condition being that sufficient polarizing volt-
age must be available.

At therelay site, the residual current lags the residual voltage by a phase anglethat is

egual to the angle of the zero-sequence source impedance. In solidly grounded systems,

this angle will be in the range of 40° to nearly 90°. To obtain maximum sensitivity under
all conditions, the measuring relay should have a characteristic angle of approximately
65°.

The non-directional earth-fault current protection in the relay can, in some cases, be
used as a simplified earth-fault protection, particularly as back-up protection. In this
case the function is not directional.

Often a directional earth-fault protection function is required. In this application it is not
possible to use a voltage memory method to decide the direction because there is no
zero-sequence voltage before the fault has occurred.

In many applications a directional function of the residual overcurrent protection is de-
sirable. In such cases the protection can be used in combination with the directional re-
lay RXPDK 23H, that will provide enable criteria in case of earth-faults in the forward
direction.

Both inverse time characteristics protection as well as three step definite time charac-
teristics are used. If inverse time characteristics are used with equal current and time
settings for all residual current protections in the system the selectivity is normally as-
sured as long as there are more than two bays carrying fault current to each substation.

Itis also possible to use the protection as a multi-stage earth-fault current line protection
where the first stage has instantaneous function and covers most of the protected line.
The second stage has a short delay (about 0.4 s) and covers the rest of the line. The third
stage has a longer delay and will give relatively rapid and selective fault clearance of
high resistive phase to earth-faults.
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It is often required to clear earth-faults with residual currents of magnitudes which are
aslow as50-100 A. Small residua currents normally occur when there are high resis-
tance faults or series faults.

A serial fault can be caused by interruption of one or two phase-conductors with no con-
tact to ground, or pole discrepancy in acircuit-breaker or adisconnector. The most com-
mon type of serial fault is pole discrepancy at breaker maneuvering.

A sensitive non-directional inversetimeresidual overcurrent protection isasuitable so-
lution to get a selective protection in most cases. It is possible to use the standard in-
verse time characteristics described in the overcurrent protection application section. A
logarithmic characteristic is generally the most suitable for the purpose of selectivity,
since the time difference is constant for a given ratio between the currents. The loga-
rithmic inverse time characteristic is designed to achieve optimum selectivity. Thisre-
lay isused extensively in, for example the Swedish 400 kV power transmission system.
The same type of inverse time-current characteristic should be used for al earth-fault
overcurrent protections in the network. Therefore, in networks already equipped with
earth-fault overcurrent relays, the best selectivity will normally be achieved by using
the same type of characteristic asthat in the existing relays.

The logarithmic inverse time characteristic is defined in the formula:

IN
t=58-1350ny

Where:
t = operating time in seconds
Iy = measured current value

Iy> = setcurrent value

The characteristic is shown in the chapter “Design description”.

The selectivity is ensured when the largest infeed is less than 80% of the current on the
faulty line. The settings for all objects shall be the same.
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To detect high resistive earth-faults, alow operating current is required. On the other
hand, alow setting will increase therisk for unwanted operation dueto unbalanceinthe
network and the current transformer circuits. The minimum operating current of the
earth-fault overcurrent protection must be set higher than the maximum fal se earth-fault
current.

The unbalance in the network that causes false earth-fault current is caused mainly by
untransposed or not fully transposed transmission lines. In case of parallel lineswith
strong zero-sequence mutual coupling the false earth-fault current can be still larger.
The false earth-fault current is directly proportional to the load current.

In awell transposed system, the false earth-fault current is normally lower than 5% of
theline current, except for extremely short parallel lines (lessthan 5 km), where ahigh-
er false earth-fault current may be found.

In case of extremely short or not fully transposed parallel lines, the fal se earth-fault cur-
rent must be measured or calculated when maximum sensitivity is desired. Generaly,
80 A isrecommended as a minimum primary operating va ue for the earth-fault over-
current protection.

Second harmonic restraint operation with RAISB

When energizing asolidly grounded power transformer, the residual inrush current can
cause unwanted operation of the earth-fault overcurrent protection. In order to avoid re-
strictions on the settings, a second harmonic restraint relay type RAISB can be used for
the earth-fault current protection. It blocksthe operationif the residual current contains
20% or more of the second harmonic component.

Connection of earth-fault relay

The current to the earth-fault relay can be connected in two different ways, by residual
current connected line transformers or by using a separate open core current transform-
er.

Inthe case where the current transformers are residual current connected an unbal anced
current can appear due to differencesin the current transformers. In the event of a short-
circuit, the unbalanced current can be of such a magnitude as to cause the operation of
the earth-fault relay. This can be prevented if the operate time of the earth-fault relay is
extended in relation to that of the short-circuit protection or if an open core current
transformer is allowed to feed the earth-fault relay.

To reduce the unbalanced current in cases when the current transformers are residual
current connected, the current summation must take place as near as possible to the cur-
rent transformers. No other relays or instruments should be connected. If this cannot be
avoided, the load should be symmetric and the burden low.
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Earth-fault protection

The directional earth-fault overcurrent relay shall aso measure the zero sequence volt-
age. It isrecommended to use the residua voltage measured in a three-phase voltage
transformer connected in a broken delta. The residual voltage is three timesthe zero se-

guence voltage.

If acomplete three-phase voltage transformer group is not availableit is possibleto use
the neutral point voltage measured from a voltage transformer connected to the neutral
point. Thisisaless reliable method and should not be recommended in the first place.
Another disadvantage of this method is that an interruption or short-circuit of the sec-
ondary winding of thevoltagetransformer will not be detected during normal operation,
as is the case with voltage transformers connected in a broken delta.
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Binary inputs

Asthe conditionsin the power system change there can be of vaue to adopt the param-
eters of the protection functions. To perform such changes the protection must receive
information about the changes. This can be done by means of binary input signalsto the
protection. The information can be given from switching devices, SCADA-systems,
other protection, etc. Application examples, when binary inputs are used for the protec-
tion, are given below.

» Change of active setting group. A common case is when we have a substation with
parallel transformers. During low load periods one transformer is taken out of ser-
vice while during high load periods the transformers are operated in parallel. To op-
timize the protection settings a binary input can be used to switch to the alternative
setting group.

« Blocking of the high set phase overcurrent protection. This can be done to enable a
short fault time at busbar faults.

« Enabling of low set phase overcurrent protection in cases with small fault current in-
feed. The binary enabling signal can be collected from other protections in the sys-
tem.

For RAHL there are possibilities to use binary inputs for several functions. The use of
binary inputs can be specified via the local HMI.
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Chapter 4 Requirements

About this chapter

This chapter describes the requirements that must be fulfilled to ensure reliable opera-
tion of the protection. The requirements on the main transformersis given.
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Demands on the current transformer

To ensure reliable operation of the protection, the following requirements must be ful-
filled.

Overcurrent protection

Definitive time delay

Toavoid failureto operate it must be assured that the current from the saturated current
transformer islarge enough for operation of therelay. Therated equivalent limiting sec-
ondary em.f., E; should satisfy the following requirement:

Eal2 2 DsetE[RCT"' RI + Zr]

Where:
lset = the current set value of the relay

Rcr  =the secondary resistance of the secondary winding
of the current transformer

R, = the resistance of a single secondary wire from the
current transformer to the relay

Z,  =the actual burden of the current transformer

It must be observed that we consider only the single length of the secondary wire from
the current transformer to therelay. Thisisvalid when we study three-phase overcurrent
protection in high impedance grounded systems.

Inverse time delay

In the case of overcurrent relayswith an inverse time characteritic, it generally applies
that saturated current transformersresult in longer tripping times. To avoid error in the
time delay of the relay the current transformer must not saturate for any possible fault
current that can occur. A practical value for the protection to chose is to ensure that a
current, 20 times the current setting of the inverse time function, does not give satura-
tion. The rated equivalent limiting secondary e.m.f., E; should satisfy the following re-
quirement:

Eal 220 |:Iset |:[RCT"' RI +Zr]
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Where:
lset = the current set value of the inverse time function

Rcr = the secondary resistance of the secondary wind-
ing of the current transformer

R, = the resistance of a single secondary wire from the
current transformer to the relay

Z,  =the actual burden of the current transformer

For logarithmic (IDG) inverse time:

Eal240 Dset E[RCT +R+ Zr]

Instantaneous function

To avoid failure to operate, of the instantaneous function, it must be assured that the
current from the saturated current transformer islarge enough for operation of therelay.
The function should be assured for fault currents at least 1.5-2.0 times the value set on
the relay. The margin depends on the time constant of the network. As arule, the ma-
jority of fault pointsin distribution networks have low time constants and therefore a
margin of 1.5 timesthe set value should be sufficient. The rated equivalent limiting sec-
ondary em.f., E4 should, in this case, satisfy the following reguirement:

EaI 215 Dset E[RCT +Ry+ Zr]

Where:
lset = the current set value of the instantaneous function

Rcr = the secondary resistance of the secondary winding
of the current transformer

R, = the resistance of a single secondary wire from the
current transformer to the relay

Z, = the actual burden of the current transformer
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1.2 Accuracy limit factor (ALF) - Calculation example
Table 1: Current transformer data
Ratio 50-100/5/5 A
Corel 5VA Fs=10 Rer=10.05
Core 2 30 VA Kssc = 10.0 (ALF) | Rep =0.07
Connected 100/5/5 A
Relay I, =5 A Burden 0.3 VA
1.2.1 Data for secondary conductors from current transformers to relay

Cross section = 2.5 mm?. Length of copper = 25 m (single length).
Burden, relay = 0.3/ 5% = 0.012 ohm.

Burden, secondary conductor =

- 25 _
o d; = 0017552 = 0.175 ©
It should be noted that the resistance of the secondary conductorsisthe main burden of
the current transformer circuit.

The rated equivalent limiting secondary e.m.f., E, can be calculated as:

Sh
Eal = Kgse Dn RCT+I_§

n

30

E, = 1005 E[0.0? + —2]: 63.5V
5

Where:

Ksse = the rated symmetrical short-circuit current factor
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I = the rated secondary current of the current transformer

Rct = the secondary resistance of the secondary winding of
the current transformer

S, =therated burden of the current transformer

If the relay has an instantaneous current setting of 2000 A (primary) corresponding to
100 A (secondary), the demand for E4 will be:

E, = 1.5 100 [710.07 +0.175 +0.012]= 385V

Aswe can see the requirement on the current transformer is fulfilled.

In solidly grounded systems which are subject to fault currents of high magnitude, the

total resistance of the current transformer secondary circuit must be taken into consid-

eration; thus, according to the example, L =2 - 25 m, if it is required to have a phase
relay operate even in the event of ground faults. The secondary eyrmiudE then be
adapted to the maximum earth-fault current, the total resistance (2 - 25 m) and the max-
imum short-circuit current and a single length (1 - 25 m).

If an earth-fault relay, residual current connected to the CT'’s, is incorporated in the
measuring circuit, as shown in figure 13, the earth-fault relay must also be taken into
consideration.

Earth-fault protection

When transformers are residual current connected, certain magnetization losses arise
and, in conjunction with the commissioning of an installation, the primary operate value
should be checked to ensure that it is correct.

The demand on the current transformers of the sensitive directional earth-fault relay is,
that the composite error should be so small, that measuring of the active component of
the earth-fault current is not influenced by the capacitive component. This is secured by
checking the efficiency factor. In cable networks with risks for intermittent earth-faults,
the current transformer has to be dimensioned so that the DC-component of the earth-
fault current would not saturate the transformer.

Efficiency factor

In isolated and high-impedance grounded systems, the earth-fault currents fed to the
earth-fault relays are normally small and relays with low operating currents are used. In
this case, the efficiency factor of the relay should be checked.
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Figure 13: Equivalent circuit for current transformer to earth-fault relay.

The efficiency factor is defined as:

ll’
N = - Ny 00 %

Where:
I = current supplied to the relay
In = primary earth-fault current

Nct = current transformer ratio

The efficiency factor can be calculated from the formula:

99000143.vsd
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Zm

= 0,
n= 10 caz, vy ©

Where:
Z,, = magnetizing impedance of the current transformer(s)

Z, =resistance of the current transformer secondary winding
plus resistance of wires up to the interconnection (per phase)

Z, =resistance of wires up to the earth-fault relay (loop resis-

tance)
Z, =impedance (resistance) of the measuring circuit of the relay
C =1 for core balanced CTs
C =3 forresidual connected current transformers

It should be observed that the magnetizing impedance varies with the voltage. The im-
pedance Z,,, at the secondary voltage which gives relay operation isinserted in the for-
mula If theangle of theimpedance Z,, is not known, the value 45 degrees (lagging) can
be assumed.

Therequirementonn is:

n >80% for earth-fault relays
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Chapter 5 Functional
description

About this chapter

This chapter describes how the relay and each protection function isworking. The the-
ories behind the measurement principles and how the function operatesis given. By
reading this chapter the reader will gain knowledge about how the relay works.
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Compact current relay RXHL 401

Theory of operation

The compact current relay RXHL 401 constitutes the measuring unit of the protection
assembly RAHL 401.

Green LED

In service —®

Current Protections Binary output
transformers configuration
in
HMI
Protection =
settings I>>
[>>>
Binary input
configuration
in Output signals Output relays
HMI
>
Binary Inputs Input signals I>>
—_— |N>>>

en00000018.vsd

Figure 14: Smplified logic diagram for the compact current relay RXHL 401.

Measuring principle

The compact current relay RXHL 401 hasfour measuring inputswhich are galvanically
separated with current transformers. The voltage from each transformers shunt resistor
is applied to zero crossing detectors for frequency estimation and to the measuring cir-
cuitry trough bandpass filters with a centre frequency equal to 55 Hz.

Therelay samplestheinput signalswith asamplerate of 18 samples per duty cycle. The
relay istracking the input signals to increase the accuracy of the measured values. The
tracking function is enabled within the following ranges: 40-60 Hz when rated frequen-
cy isset to 50 Hz or 50-70 Hz when rated frequency is set to 60 Hz. Figure 15 shows
which values the relay cal culates from the input signals.
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MAX |

MEAN

xx00000017.vsd
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Figure 15: Calculated values from the input signals

Calculated values Used by protection

MAX value of the MEAN phase currents, « Overcurrent protection
IL1, IL2 and IL3
MEAN value of neutral current e Earth-fault protection

1.2 Setting parameters
Table 2: Rated system frequency
Parameter | Range Unit Default | Letyou...
Freq 50/60 Hz 50 Hz Select the rated frequency.
Table 3: Main CT Ratio
Parameter | Range Unit | Default Let you...
Primary 1.00 - 999 A 1.00 A Select the primary rated value of the phase
1.00 - 100 KA i CT’s and the earth-fault CT
Secondary |0.40-100 |A 1.00 A Select the secondary rated value of the
phase CT’s and the earth-fault CT
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Overcurrent protection

Theory of operation

The overcurrent protection functions compares the calculated MAX value with the pre-
set current valuesfor each stage 1>, [>> and 1>>>. When the measured current exceeds
or isequal to the pre-set value of the stage, start function seals-in the phase(s) which
cause the start and activates the start signal. A simplified logic diagram for the overcur-
rent protection is shown in figure 16.

1>

I>Start

4/}7 — & !
0.2-3.0x Iy L‘M‘ > Trip
L]

1>>

MAX F ] & N 1>>Start
) Trip-time

|>>>

? & | I>>>Start

}

- Trip-time
1.0-20 x I> : I>>>Trip
Block 1>
Block 1>>
Block 1>>>
en00000013.vsd

Figure 16: Smplified logic diagram for the overcurrent protections.

The low set stage I> is prevented with areset time logic function for detection of inter-
mittent faults. When the measured current exceeds the pre-set value the trip counter

starts to count-up, if the current then decreases bel ow the pre-set value the trip counter
counts-down. When the trip function operates the trip counter will automatically reset.
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Input and output signals

Table 4: Input signals, overcurrent protection

Signal Default

Description

I> Block/Enable -

Active signal blocks or enables the low set
overcurrent stage 1>

I>> Block/Enable -

Active signal blocks or enables the medium
set overcurrent stage 1>>

I>>> Block/Enable

Active signal blocks or enables the high set
overcurrent stage 1>>>

Table 5: Output signals, overcurrent protection

Signal Default Description

I>St Relay 1 Start signal from low set overcurrent stage 1>

I>Tr Relay 2 Trip signal from low set overcurrent stage 1>

I>>St Relay 1 Start signal from medium set overcurrent
stage [>>

I>>Tr Relay 2 Trip signal from medium set overcurrent
stage I>>

I>>>St Relay 1 Start signal from high set overcurrent stage
I>>>

I>>>Tr Relay 2 Trip signal from high set overcurrent stage
[>>>

Setting parameters

Table 6: Setting parameters for overcurrent protection

Parameter Range Unit | Default Let you...

1> On - Off - On Select low set stage I> to be active or
not.

> 0.2-3.0xl, A 0.2x I, Set operate level.

Char NI, VI, EI, LI, RI, | - Def Select time characteristic, inverse or

Def definite time.

KValue 0.05-1.10 - - Set time multiplier for inverse time

function.
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Parameter Range Unit | Default Let you...

MinTime 0.00 - 2.00 S - Set minimum definite time delay for
inverse time characteristic.

Time 0.00 - 20.0 S 0.00s Set definite time delay.

ResetT 0.00 - 500 s 0.00s Set linear reset time on I>.

I>> On - Off - On Select medium set stage I>> to be
active or not.

[>> 1.0-20x 1> A 1.0xI> Set operate level.

Time 0.00 - 20.0 S 0.00s Set definite time delay.

[>>> On - Off - On Select high set stage I>>> to be active
or not.

[>>> 1.0-20xI> A 1.0xI> Set operate level.

Time 0.00 - 20.0 S 0.00 s Set definite time delay.




Earth-fault protection Chapter 5
Functional description

3.1

Earth-fault protection

Theory of operation

The earth-fault protection comparethe calculated MEAN value with the pre-set current
valuesfor I>, I>> and I >>>. When the measured current exceeds or is equal to the
pre-set value of the stage, start function activates the start signal. A simplified logic di-
agram for the earth-fault protection is shown in figure 17.

In>
; 2 ) IN >Start
R Trip-ti
0.1-25 x IN; \_‘t""‘—\ In >Trip
.—I'Aé‘
Iy >>
MEAN ’; & ) IN >>Start
1.0-20 X Iy > n -time ; In>>Trip
|N >>>
; & ) IN >>>Start
1.0-20 x Iy > T;' e In>>>Trip
Block In >
Block In >>
Block In >>>

en00000014.vsd

Figure 17. Smplified logic diagram for the earth-fault protection.

The low set stage I> is prevented with areset time logic function for detection of in-
termittent faults. When the measured current exceeds the pre-set value the trip counter
starts to count-up, if the current then decreases below the pre-set val ue the trip counter
counts-down. When the trip function operates the trip counter will automatically reset.
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Table 7: Input signals, earth-fault protection

Signal Default Description

In> Block/Enable

Active signal blocks or enables the low set
earth-fault stage In>

In>> Block/Enable

Active signal blocks or enables the medium
set earth-fault stage I>>

IN>>> Block/Enable

Active signal blocks or enables the high set
earth-fault stage Iy>>>

Table 8: Output signals, earth-fault protection

Signal Default Description

In>St Relay 1 Start signal from low set earth-fault stage
In>

IN>Tr Relay 2 Trip signal from low set earth-fault stage I>

IN>>St Relay 1 Start signal from medium set earth-fault
stage I>>

IN>>Tr Relay 2 Trip signal from medium set earth-fault
stage I>>

IN>>>St Relay 1 Start signal from high set earth-fault stage
IN>>>

IN>>>Tr Relay 2 Trip signal from high set earth-fault stage
IN>>>

Setting parameters

Table 9: Setting parameters for earth-fault protection

Parameter | Range Unit Default Let you...
IN> On - Off - On Select low set stage I> to be active
or not.
In> 0.1-25xIN, A 0.1 x IN; Set operate level.
Char NI, VI, El, LI, RI, | - Def Select time characteristic, inverse,
Log, Def logarithmic or definite time.
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Parameter | Range Unit Default Let you...
KValue 0.05-1.10 - - Set time multiplier for inverse time
function.
1.00 - 4.00 - - Set operate constant for logarithmic
time function.
MinTime 0.00 - 2.00 S - Set minimum definite time delay for
inverse time function.
1.00 - 2.00 S - Set minimum definite time delay for
logarithmic time function.
Time 0.00 - 20.0 s 0.00s Set definite time delay.
ResetT 0.00 - 500 S 0.00s Set linear reset time on I>.
IN>> On - Off - On Select medium set stage I\>> to be
active or not.
In>> 1.0-20x 1> A 1.0 x In> Set operate level.
Time 0.00 - 20.0 s 0.00s Set definite time delay.
I\N>>> On - Off - On Select high set stage I\>>> to be
active or not.
IN>>> 1.0-20x In> A 1.0x 1> Set operate level.
Time 0.00 - 20.0 S 0.00s Set definite time delay.

69



Indications Chapter 5
Functional description

4.1

70

Indications

Indications menu

The following indications are presented when the indications menu is entered. Stored
primary trip values are always from the last disturbance and will also be presented
through this menu.

Indication Start Trip Function description

1> O 12 0O 1/2 Status and active group for overcurrent, low set stage.
L123 Phase indication which caused the start on 1>

[>> 0 12 [ 1/2 Status and active group for overcurrent, medium set stage.
L123 Phase indication which caused the start on 1>>

I>>> O 12 0O 1/2 Status and active group for overcurrent, high set stage.
L123 Phase indication which caused the start on 1>>>

In> 0 12 [ 1/2 Status and active group for earth-fault, low set stage.

In>> O w2 O 1/2 Status and active group for earth-fault, medium set stage.

IN>>> O 12 0O 1/2 Status and active group for earth-fault, high set stage.

Number 1 or 2 (start and trip) above indicates which setting group that was active dur-
ing the disturbance. All start functions are connected to the yellow LED and all trip
functions are connected to the red LED. The appearance of the boxesin the local HMI
describes the status of the function.

Filled (black) Latest recorded event.
Grayed Previous recorded event.
Blank No recorded event (since last clearing).
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Recorded trip values Provides information about
IL1 The recorded phase-1 current
IL2 The recorded phase-2 current
IL3 The recorded phase-3 current
In The recorded neutral current

Input and output signals

Table 10: Input signal, indications

Signal Default Description

ResetLED - Active signal resets LED's, clears recorded
disturbances and trip values
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Active setting group

Theory of operation

During setting and configuration of the protection the user selects which setting param-
eter group to be active. The relay switches to the alternative setting parameter group
when the binary input function “ChActGrp” is activated. The binary output signal
“Group2Act” indicates that group 2 is active.

Input and output signals

Table 11: Input signal, active setting group

Signal Default Description

ChActGrp - Active signal changes active setting group

Table 12: Output signal, active setting group

Signal Default Description

Group2Act - Active signal when Group2 is selected

Setting parameters

Table 13: Setting parameters, active setting group

Parameter | Range Unit | Default | Letyou...

Active group | Groupl, Group2 | - Groupl | Select active group 1 or group 2 @

a) Default settings for setting group 2 are the same as for group 1.
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Self-supervision

Theory of operation

All micro-processors in the measuring relay executes a self test sequence during start-

up. The green “In service” LED will light-up when the relay is ready for operation. In

a case of an internal fault, the LED’s will start flashing or an error message will be pre-
sented in the local HMI-display. The tables below are provided with more fault infor-
mation. The program in the micro-processors is executed in a fixed loop.

The loop is supervised by an internal watch dog which initiates a program restart if the
program malfunctions.

Both hardware and software supervision is included and it is also possible to indicate
eventual faults through a binary output error signal.

Table 14: Self-supervision indications in RXHL

Indication Test sequence Description

Green, yellow and red Internal watchdog Internal watchdog has timed out.
LED'’s are flashing.

Green and yellow LED’s are | ROM Checksum error.

flashing.

Green and red LED's are RAM Error in memory cells.

flashing.

“E ain” is presented in the Internal communica- Analog printed circuit card is not
HMI-display tion error responding.

Input and output signals

Table 15: Output signal, self-supervision function

Signal Default Description
InService Relay 5 Active signal when relay is in normal ser-
vice
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Chapter 6 Design description

About this chapter

This chapter describes how the protection assembly and the measuring relay is de-
signed. Thedifferent parts and the different variants that make up the protection assem-
blies are described.

75



Protection assembly Chapter 6
Design description

11

76

Protection assembly

Compact current protection assembly RAHL

The protection assemblies are of protective class | equipment in which protection
against electric shock does not rely on basic insulation only, but which includes addi-
tional safety precautions in such away that accessible conductive parts are connected
to protective earth. The protections are based on the compact current relay RXHL. Test
device RTXP8, RTXP 18 and DC/DC-converter RXTUG 22H can aso beincluded for
specific application requirements. Test device, RTXP 8 and RTXP 18 aretoolsfor relay
testing. DC/DC-converter RXTUG 22H can be used either separately for a single pro-
tection or to feed other protections of the same relay family. With RXTUG 22H all re-
guirements concerning emission and immunity disturbances with this protection
assembly will be met.

The measuring relay has 5 binary outputs and 2 binary inputs. Protections are normally
available with output logic with heavy duty contacts, relay RXME 18 with indicating
flag, and can upon request be compl eted with an output logic of free choice. Output re-
lays are connected to separate auxiliary voltage. The interface voltage for enable or
block impulses can be connected to either 48-60 V DC or 110-220V DC by connecting
the voltage circuit to separate terminals. At delivery al relays are connected for 110-
220V DC.

All the protections in the COMBIFL EX® modular system are mounted on apparatus
bars. The connections to the protections are done by COMBIFLEX® socket equipped
leads. All internal connections are made and the protection assembly istested before de-
livery from factory. The type of modules and their physical position and the modular
size of the protection are shown in the diagrams of the respective protection. Figure 18
shows an example of a protection assembly.
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30C

i
101 107 113 125

4U

325

101 RTXP 18
107 RXTUG 22H
113 RXHL
125 RXME 18
5e980096 325 RXME 18
Figure 18: Protection assembly example

The height and width of the protection assembly are given in the circuit diagram with
height (U) and width (C) modules, where U = 44.45 mm and C = 7 mm. The depth of
the protection assembly, including space for the connection wires, is approximately
200 mm.

Test switch RTXP 18

Thetest switch RTXP 18 isapart of the COMBITEST testing system described in the
Technical overview brochure No. IMRK 512 001-BEN. A complete secondary testing
of the protection can be performed by using atest-plug handle RTXH 18, connected to
atest set. When the test-plug handleisinserted into thetest switch, preparationsfor test-
ing are automatically carried out in a proper sequence, that is blocking of tripping cir-
cuits, short-circuiting of current circuits, opening of voltage circuits. This makes the
protection available for secondary testing. Test switch RTXP 18 has the modular di-
mensions 4U 6C.

All input currents can be measured by atest plug RTXM connected to an ammeter. The

tripping circuits can be blocked by atrip-block plug RTXB and the protection can be
totally blocked by a block-plug handle RTXF 18.
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DC/DC-converter RXTUG 22H

The DC/DC-converter RXTUG 22H converts the station battery voltage to an alternat-
ing voltage which is then transformed, rectified, smoothed and in this application reg-
ulatedto +/-24V DC. Theauxiliary voltageisin that way adapted to the measuring unit.
Theinput and output voltages are galvanically separated, which contributesto damping
of possible transients in the auxiliary voltage supply to the measuring relay. The con-
verter has abuilt-in signal relay and agreen LED for supervision of the output voltage.

RXTUG 22H has the modular dimensions 4U 6C. It is described in the technical over-
view brochure No. IMRK 513 001-BEN.

Measuring relay

Compact current relay RXHL 401
The compact current relay RXHL 401 constitutes the measuring relay of RAHL 401.

The compact current relay RXHL 401 is a protective class |1 equipment in which pro-
tection against electric shock does not rely on basic insulation only, but in which addi-
tional safety precaution such as double insulation or reinforced insulation are provided.

RXHL 401 is athree-phase static, microprocessor-based relay with four input current
transformersfor galvanicinsulation. Theinput signals are connected to D/A-converters
and then filtered. The signals are sampled in the A/D-converter and read into the micro-
processor. The unfiltered input signalsare al so connected to zero crossing detectors and
read into the microprocessor. All settings of the relay will be done in the local HMI.

The relay is provided with three LED’s; one for start, one for trip and one for “in ser-
vice”. The relay is provided with two binary inputs and five binary outputs, the binary
inputs are galvanically separated from the electronics with opto-couplers. The binary
outputs consist of electromechanical relays, each with one change over contact.
RXHL 401 requires a DC/DC-converter for the auxiliary voltage supply +/-24 V; RX-
TUG 22H is recommended. The relay is delivered with 4-short-circuiting connectors
RTXK for mounting on the rear of the terminal base. The connectors will automatically
short-circuit the input currents when the relay is removed from the terminal base.
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Figure 20: Normal inverse time characteristic Figure 21: Very inverse characteristic
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Frequency characteristic
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Figure 26: Frequency characteristic

Binary inputs and outputs

Binary inputs

Therelay is provided with two binary inputs which are galvanically separated from the
€l ectronicswith opto-couplers. The binary inputs can flexible be configured in the local

HMI. A binary input signal or signals can be configured to one or more than one func-
tion. Binary input signals are defined as OR functions.

Binary outputs

Therelay is provided with five binary outputs with change-over contacts. The binary
outputs can flexible be configured in the local HMI. A function output signal or signals
can be configured to one or more than one binary output. Binary output signals are de-
fined as OR functions.
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Binary 1/O-test

Therelay is provided with atest function for the binary 1/0 signals into and out from
therelay. Energized binary inputs can be overview viathe local HMI. Activation of bi-
nary outputs can be done viathe local HMI.

Tripping relay RXME 18

The auxiliary relay RXME 18 is used as atripping relay. It has two heavy duty make
contacts and ared flag. The flag will be visible when the armature picks up and is man-
ually reset by aknab in the front of the relay. Typical operate timeis 35 ms.

RXME 18 has the modular dimensions 2U 6C. The relay is described in the technical
overview brochure No. IMRK 508 015-BEN.
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2 Equipment frames and relay cases

The equipment frames and cases are described more detailed in the technical overview
brochure No. IMRK 513 003-BEN. All protection assemblies are mounted on appara-
tus bars. The apparatus bars are used for the mounting of the COMBIFL EX® terminal

bases and are screwed directly on the supporting frame by using 3.5 mm tapping screws.

2.1 19” equipment frame

These types of equipment frames are used for cubicle mounting
or panel mounting of plug-in units in the COMBIFLEX® range. The
frames are available in 3 sizes for mounting of 20, 40 and 60 mod-
ule seats respectively:

e 4U (17" x 197

e 8U(14"x 19"

e 12U (21" x 197

2.2 RHGS cases for 19” cubicle mounting or surface mounting

This type of case can be used for all common ways of mounting.

The RHGS cases are available in three different sizes, which can
be combined with mounting accessories to get maximum flexibil-

ity. The cases can also be combined together with the protections
in the 500 range. The figure shows a RHGS 30 case.

2.3 RHGX cases for flush- or semi-flush panel mounting

The RHGX cases are available in five sizes. The case, a metal
box open at the back, has a flange (with a rubber sealing strip) at
the front which acts as a stop when the case is inserted into a
front panel opening. At the front of the case there is a door with a
window and a rubber seal. The figure shows a RHGX 8 case.
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RAHL 401 protection

Protection assemblies

Thetable below shows the different variants of the compact current relay RXHL 401in
protection assemblies type RAHL 401.

assembly variants

101

107

101
107

RXTUG 22H

RXHL

101

107

113

101
107
113

RTXP

RXTUG 22H

RXHL

18

101

107

113

125

325

101
107
113
125
325

RTXP 18

RXTUG 22H

RXHL
RXME
RXME

18
18

Ordering No.

1MRK 001 082-AB

1MRK 001 082-BB

1MRK 001 082-CB

Circuit diagram

1MRK 001 083-AB

1MRK 001 083-BB

1MRK 001 083-CB

Terminal diagram

1MRK 001 083-ABA

1IMRK 001 083-BBA

1MRK 001 083-CBA @

Available
diagrams

On request

On request

b)



Protection assemblies Chapter 6
Design description

RAHL 401 protection Ordering No. Circuit diagram Terminal diagram Available
assembly variants diagrams

101

107 |113

301

1IMRK 001 082-DB  1MRK 001 083-DB  1MRK 001 083-DBA  On request
1MRK 001 082-EB® 1MRK 001 083-EB® 1MRK 001 083-EBA S b

101
107
113
301

RTXP 8
RXTUG 22H
RXHL
RXME 18

a) Terminal diagrams available in technical overview brochure for RXHL 401 and RAHL 401

b) Terminal and circuit diagrams available in installation and commissioning manual for RXHL 401 and RAHL 401

c) Selection of phase and neutral current must be the same, I, =IN, =1 Aorl, =IN,=5A

3.1

Mounting alternatives

The protection assemblies described in the table above can be supplied in RHGX or
RHGS cases. RXHL 401 compact current relay can also be supplied in the following
mounting aternatives.

I I
N
z da| 2 |3 5| 2 : |o| =z 2
% £33 3 4 Q B I Q I z
7] 2 x 2 x
4 o o = [i'4 r ; 4 4
X
o o
z g g © ® z w z w o z w z w
© o g
2 3 =9 g g X B 3 29 g 3 B X £%9
'3 o o a a g o g 4 7] g 4 B 04

Mounting of Mounting of RXHL 401 Mounting of RXHL 401 in RHGS 30 with dual power
RXHL 401  in RHGS 12. supplies RXTUG 22H, individual test switches and
in RHGS 6. optional tripping relays.
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Chapter 7 Technical data

About this chapter
This chapter presents the technical data for the measuring relay and each protection
function.
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Compact current relay RXHL 401

Table 16: Current inputs

Rated phase current I, 1Aor5A
Rated neutral current IN, Forl,=1A 0.1Aor1A
Forl,=5A 0.1A,1A0r5A
Setting range for the over- | Stage 1> ,=1A 0.2-3.0A
current protection L=5A 1-15 A
Stage I>> (1.0-20) x set operate value 1>
Stage 1>>> (1.0-20) x set operate value I>
Setting range for the earth | Stage I\> IN,=0.1A 10-250 mA
fault protection N =1A 0.1-2.5 A
IN.=5A 0.5-125A
Stage In>> (1.0-20) x set operate value I>
Stage In>>> (1.0-20) x set operate value I>

Effective phase current range

(0.04-60) x I,

Effective earth current range

(0.05-50) x IN,

Rated frequency F,

50 and 60 Hz

Frequency range

40-60 Hz/50-70 Hz

Power consumption, per I=1A <30 mVA

phase at rated current L=5A <150 MVA

Power consumption, at IN.=0.1A <15 mVA

rated neutral current IN.= 1A <30 MVA
IN,=5A < 150 mVA

Overload capacity for I, =1 A continuously 4A

phase current input I, =5 A continuously 20 A
lF=1Aduringls 100 A
l,=5Aduringls 350 A
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Overload capacity for neu-

tral current input

IN, = 0.1 A continuously | 0.4 A
IN,= 1 A continuously |4A
IN, =5 A continuously | 20 A
IN,=0.1 Aduring 1s 10A
INN=1Aduringls 100 A
IN.=5Aduringls 350 A

Table 17: Binary inputs

Inputs

Rated values

Binary inputs

2

Binary input voltage RL

48-60 V DC and 110-220 V DC, -20% to +10%

Power consumption | 48-60 V DC

< 0.3 W /input

110-220 Vv DC

< 1.0 W/ input

Table 18: Output relays

Outputs Rated values
Contacts 5 change-over
Maximum system voltage 250 V AC/DC
Current carrying capacity Continuous 5A

During 1 s 15A
Making capacity at inductive | During 200 ms | 30 A
load with L/R >10 ms During 1 s 10A
Breaking | AC, cos ¢> 0.4 max. 250 V 8A
CaPACYY  [he /R <40 ms | 48V 1A

110V 04A

220V 0.2A

250V 0.15A
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Table 19: Auxiliary DC voltage supply

Power consumption

Rated values

Auxiliary voltage EL for RXTUG 22H

24-250 V DC, +/-20%

Auxiliary voltage for the relay

+/-24 V (from RXTUG 22H)

Power consumption With RXTUG 22H,

with back-light on

Before operation |<5.0W
input 24-250 V After operation <70W
Without RXTUG Before operation | <2.7W
22H, +l-24 v After operation <43W

Power consumption, back-light.

Approximately 0.5 W

Table 20: Electromagnetic compatibility (EMC), immunity test

All tests are performed together with the DC/DC-converter, RXTUG 22H

Test Severity Standard

Surge 1 and 2 kV IEC 61000-4-5, class 3
AC injection 500 V AC SS 436 1503,PL 4
Power frequency magnetic field 1000 A/m IEC 61000-4-8

1 MHz burst 2.5kV IEC 60255-22-1, class 3
Spark 4-8 kV SS 436 1503, PL 4
Fast transient 4 kV IEC 60255-22-4, class 4

Electrostatic discharge at normal service
with cover on

6 kV (contact)

|IEC 60255-22-2, class 3

8 kV (air)

|IEC 60255-22-2, class 3

6 kV, indirect applica-
tion

IEC 61000-4-2, class 3

Radiated electromagnetic field

10 V/m, 80-1000 MHz

IEC 61000-4-3, Level 3

Radiated pulse electromagnetic field

10 V/m, 900 MHz

ENV 50204

Conducted electromagnetic

10V, 0.15-80 MHz

IEC 61000-4-6, Level 3

IEC 60255-11

Interruptions in auxiliary voltage 2-200 ms

No reset for inter- 24V DC <20 ms

ruptions 110 V DC <70 ms
250V DC <300 ms
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Table 21: Electromagnetic compatibility (EMC), emission tests

All tests are performed together with the DC/DC-converter, RXTUG 22H

Test Severity Standard
Conducted 0.15-30 MHz, class A EN 50081-2
Radiated 30-1000 MHz, class A EN 50081-2

Table 22: CE-demand

Test Reference standard
Immunity EN 50082-2
Emission EN 50081-2
Low voltage directive EN 50178
Table 23: Insulation tests
Test Severity Standard
Dielectric Current circuit to circuit 2.5kV AC, 1 min IEC 60255-5
and current circuit to earth
Circuit to circuit and circuit | 2.0 kV AC, 1 min
to earth
Over open contact 1.0 kV AC, 1 min
Impulse voltage 5kV, 1.2/50 ps, 0.5 J IEC 60255-5
Insulation resistance > 100 MQ at 500 V DC IEC 60255-5

Table 24: Mechanical test

Test Severity Standard

Vibration Response: 1 g, 1-150-10 Hz IEC 60255-21-1, class 2
Endurance: 1 g, 10-150-10 Hz, 20 sweeps IEC 60255-21-1, class 1

Shock Response: 5 g, 11 ms, 3 pulses IEC 60255-21-2, class 1
Withstand: 15 g, 11 ms, 3 pulses

Bump Withstand: 10 g, 16 ms, 1000 pulses IEC 60255-21-2, class 1
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Test Severity Standard

Seismic X-axis: 3 g, 1-50-1 Hz IEC 60255-21-3, class 2,
extended (Method A)

Y-axis: 3 g, 1-50-1 Hz

Z-axis: 2 g, 1-50-1 Hz

Table 25: Climatic conditions

Climatic condition Partially weather protected locations, switch-
gear environment, class 3K3

Storage -40° Cto +70° C

Permitted ambient temperature -5° Cto +55° C

Table 26: Weight and dimensions

Equipment Weight Height Width

Relay without RXTUG 22H Approximately 1.3 kg | 4U 12C
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Functions

Table 27: Service values

Function Phase-current Neutral-current
Main CT ratio Primary value 1.00 A-100 kA 1.00 A-100 kA
Secondary value 0.40 A-10.0 A 0.40 A-10.0 A
Phase and neutral cur- | Secondary current 0.00-9.99 A
rent (1A and 5A) 10.0-99.9 A
100-999 A
Primary current 0.00 -9.99 A, kA, MA
10.0-99.9 A, kA
100-999 A, kA
Neutral current (0.1 A) | Secondary current - 0-199 mA
- 0.20-9.99 A
Primary current - 0-199 mA
- 0.20-9.99 A
- 0-9.99 kA, MA
- 10-99.9 A, kA
- 100-999 A, kA
Frequency F, 50 Hz 40.0-60.0 Hz -
60 Hz 50.0-70.0 Hz -
Accuracy +/- 0.1 Hz -
Table 28: Overcurrent protection
Overcurrent protection Stage I> Stage I>> Stage I>>>
Setting range (0.2-3.0) x I, |(1.0-20) xI> | (1.0-20) x I>
Limiting errors of set operate value for current | < 3% < 3% < 3%
measuring 50/60 Hz
Consistency of set operate value 50/60 Hz <1% <1% <1%
Typical reset ratio 95%
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Overcurrent protection Stage I> Stage I>> Stage I>>>
Typical operate time | = 0 => 3 x set operate 40 ms
value

Typical reset time | = 3 => 0 x set operate 45 ms
value

Transient over-reach L/R = 50, 100, 200 and | < 5%
500 ms

Typical overshoot time 30 ms
Recovery time at | = 3 x set operate value <55 ms
Frequency depen- | F, =50 Hz (45-55 Hz) <5%
dency F, = 60 Hz (54-66 Hz) | < 5%

150/180 Hz Typical 1.5/2.0 x set operate value
250/300 Hz Typical 3.0/4.0 x set operate value
Influence of har- 100/120 Hz, 10% < 2%
monics 150/180 Hz, 20% < 6%
250/300 Hz, 20% < 3%
Temperature dependence within range -5° C <2%

to +55° C

Table 29: Time functions for overcurrent protection

Time function Stage I> Stage I>> | Stage [>>>
Time delay Inverse or definite Definite Definite
time (NI, VI, EI, LI time time

and RI)

Setting range, definite time 0-20 s

Accuracy, definite time +/-30 ms

Setting range, inverse time k=0.05-1.1 - -
Min time, inverse time 0-2.0s - -
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Time function Stage 1> Stage I>> | Stage [>>>
Accuracy, NI, VI, | 2.0 X >t 12.5% and +/-30 ms | - -
inverse time® | EI, LI% 5.0 X I>gg¢ 7.5% and +/-30 ms
10.0 X I>g¢¢ 5% and +/-30 ms
20.0 X I>gg¢ 5% and +/-30 ms
RI 1.0-13xI>gq |125% and +/-30ms | - -
1.3-20.0 X I>ge | 5% and +/-30 ms
Linear reset time 0-500 s - -
3) A percentage value of theoretical time and a definite time delay
b) According to IEC 60225-3, signed error 5.
Table 30: Earth-fault protection
Earth-fault protection Stage In> Stage I>> Stage Iy>>>
Setting range (0.1-2.5) x IN; | (1.0-20) x Iy> | 1.0-20) x In>
Limiting errors of set operate value for current | < 3% <3% < 3%
measuring 50/60 Hz
Consistency of set operate value 50/60 Hz <1% <1% <1%
Typical reset ratio 95%
Typical operate time | = 0 => 3 x set operate 40 ms
value
Typical reset time | =3 => 0 x set operate value | 45 ms
Transient over-reach L/R = 50, 100, 200 and <5%
500 ms
Typical overshoot time 30 ms
Recovery time at | = 3 x set operate value <55 ms
Frequency depen- | F, = 50 Hz (45-55 Hz) <5%
dency F, = 60 Hz (54-66 Hz) < 5%
150/180 Hz Typical 1.5/2.0 x set operate value
250/300 Hz Typical 3.0/4.0 x set operate value

97




Functions

Chapter 7

Technical data

98

Earth-fault protection Stage Iy> Stage Iy>> Stage I\>>>
Influence of har- 100/120 Hz, 10% < 2%
monics 150/180 Hz, 20% < 6%
250/300 Hz, 20% < 3%
Temperature dependency within range -5° Cto | < 2%
+55° C
Table 31: Time functions for earth-fault protection
Time function Stage Iy> Stage I>> | Stage I\>>>
Time delay Inverse, definite or log- | Definite Definite time
arithmic time (NI, VI, El, | time
LI, Rl and Log)
Setting range, definite time 0-20s
Accuracy, definite time +/-30 ms
Setting range, inverse time k=0.05-1.1 - -
Min time, inverse time 0-2.0s - -
Accuracy, NI, VI, | 2.0 X I>g¢t 12.5% and +/-30 ms - -
it:nge El, LY 5.0 X I>ggt 7.5% and +/-30 ms
10.0 X I>g¢¢ 5% and +/-30 ms
20.0 X I>gg¢ 5% and +/-30 ms
RI 1.0-1.3x I>g¢ | 12.5% and +/-30 ms
1.3-20.0 X I>g¢¢ | 5% and +/-30 ms

Setting range, logarithmic time (IDG)

k=1-4

Min time, logarithmic time

1.0-2.0s

Formula, logarithmic time

t=5.8-1.35 x In (/lysey) | -

Accuracy, logarithmic time

+/-50 ms overall

Linear reset time

0-500 s

2) A percentage value of theoretical time and a definite time delay

b) According to IEC 60255-3, signed error 5
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About this chapter
This chapter contains ordering tables which should be used when ordering.

99



RAHL protections Chapter 8
Ordering

1 RAHL protections
1.1 Basic data to specify
RAHL protection Quantity: [1 1MRKO001082-

Desired wording on the lower half of the test switch max. 13 lines with 14 characters per line.

AC inputs

Rated phase current I, = 1 A, rated neutral current IN, = 0,1 A O 1MRK 000 322-FA

Rated phase current I, = 1 A, rated neutral current IN, = 1 A O  1MRK 000 322-FB

Rated phase current I, = 5 A, rated neutral current IN, = 0,1 A 0 1MRK 000 322-FC

Rated phase current I, =5 A, rated neutral current IN, = 1 A 00  1MRK 000 322-FD

Rated phase current I, = 5 A, rated neutral current IN, =5 A O  1MRK 000 322-FE
1.2 Options

Aucxiliary voltage for included auxiliary relay

RXME 18, 24V DC [0 RK221825-AD

RXME 18, 48-55V DC O RK221825-AH

RXME 18, 110-125V DC O RK221825-AN

RXME 18, 220-250 V DC 0 RK 221 825-AS

Mounting alternatives Size

Apparatus bars (always included)

Equipment frame without door 4U 19” J 1MRK 000 137-GA

Equipment frame with door 4U 19" O 1MRK 000 137-KA

RHGX 4 4U 12C O RK 927 001-AB

RHGX 8 4U 24C O RK 927 002-AB
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RHGX 12 4U 36C [0 RK 927 003-AB

RHGX 20 4U 60C L0 RK 927 004-AB

RHGS 30 6U x 1/1 19" rack O 1MRK 000 315-A

RHGS 12 6U x 1/2 19" rack 00 1MRK 000 315-B

RHGS 6 6U x 1/4 19" rack 0 1MRK 000 315-C
Accessories

User documentation RXHL 401 and RAHL 401

Operator’'s manual Quantity: L1 1MRK 509 063-UEN

Technical reference manual Quantity: L1 1MRK 509 064-UEN

Installation and commissioning manual Quantity: L1 1MRK 509 065-UEN
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2 RXHL relays
2.1 Included functions
Three-phase overcurrent protection, |>, [>>, [>>>
Earth-fault protection, 1>, In>>, Iy>>>
Local Human Machine Interface (HMI)
Two groups of setting parameter
Service value reading (primary or secondary values)
2.2 Basic data to specify
RXHL 401, includes basic functions Quantity: [—1 1MRK 001 977-AA
AC inputs
Rated phase current I, = 1 A, rated neutral current IN, = 0,1 A O 1MRK 000 322-FA
Rated phase current I, = 1 A, rated neutral current IN, =1 A O  1MRK 000 322-FB
Rated phase current I, = 5 A, rated neutral current IN, = 0,1 A O 1MRK 000 322-FC
Rated phase current I, = 5 A, rated neutral current IN, =1 A O 1MRK 000 322-FD
Rated phase current I, = 5 A, rated neutral current IN, =5 A 0 1MRK 000 322-FE
2.3 Accessories
User documentation RXHL 401 and RAHL 401
Operator’'s manual Quantity: (— 1MRK 509 063-UEN
Technical reference manual Quantity: L1 1MRK 509 064-UEN
Installation and commissioning manual Quantity: —71  1MRK 509 065-UEN
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