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1.1

User Guide and Notes

Warnings

Types of warnings

Warnings are distinguished liye type of risk they represent by the following signal words:

Dangerwarns of a risk of death
Warningwarns of physical injury
Cautionwarns of property damage

Structure of the warnings

Nature and source of the danger
| Prevention measure.

Signal word

1.2

1.3

Page6

Notes

Notes on the appropriate use of the device.

Other symbols

Instructions
Structure of the instructions:
I Instructions for an action.

e Indication of an outcome, if necessary.

Lists

Structure of unnumbered lists:
List level 1
List level 2
Structure ofnumbered lists:
1) Listlevel 1
1. Listlevel 2

UserGuide and Notes
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1.4 Other applicable documents

For the safe and correct use of the EDRplease read the other documents that are deli
ered with the system as well as the relevant standards and laws.

1.5 Storage

Store the operatingnstructions and other relevant documents near the system so they are
readily available.

User Guide and Notes Pager
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2. Delivery scope/Order codes

2.1 Delivery scope

EORS KI NRgIFNB Ay Kandevikgfd . nam 6mpé aft ARS
Null modemcable (R€32) to communicate with the WIinEDC software.

CD with current operating software, firmware, manual and datasheet

wSY2@It (22ihdefi®@NI mpé af ARS

Operating Instructions

Test report

1 set of project planning documents

2.2 Order codes

The currenrder codes can be found in the current EDRatasheets.

Page3 Deliveryscope/Order codes
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3. Safety instructions

The earth fault detection relay EG@Rmet all of the relevant safety requirements when it left the fact
ry. To ensure that it continues to meet them afumhction as it is supposed to, the user must follow all of
the instructions and warnings in the operating instructions.

| Read the operating instructions.

| Always store the operating instructions near the device.

| The device may only be used if it is in petfworking order.

|  Never disassemble the device. A device that needs servicing must be sent to the factory.
| Make sure the device is only used by qualified personnel.

|  Connect the device only as described in the instructions.

| Make sure the device is only apged in its original state.

|  Only use recommended accessories.

| Make sure the device is not operated outside of the ratings (see the separate technical
datasheet).

| Do not use the device in environments where explosive gases, dust or fumes occur.
|  Clean the dvice only with commercially available cleaning agents.

| The EOM earth fault detection relay must have a protective earth conductor. This condition is
met by connecting the device to an auxiliary voltage system with protective earth conductor
(European pwer supply system)f the auxiliary voltage system does not have a protective
earth conductor, an additional connection must be established between the protective-earth
terminal connection and the earth.

| The upper limit of the permissible auxiliary \ame Uh may not be exceeded continuously or
even momentarily.

| The EOM earth fault detection relay must be completely disconnected from the auxiliaty vol
age Uh before changing the fuse. The fuse may only be replaced with a fuse of the same type
and ratedcurrent.

|  An EOPFD earth fault detection relay that shows visible damage or clearly malfunctions may not
be used and must be secured against accidental activation.

| Only qualified engineers are allowed to perform maintenance and repair work on an open
EQRD.

Safety instrudbns Paged



We take care of it.

4.
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Technical pecifications

Please read the current datasheet. It contains all of the standards that the device meets.

Intended use

The EOR earth fault detection relay is intended solely for use in power engineering-nsta
lations and facilities irwhich the required work is performed by trained and qualified
engineers. Qualified engineers are people who are familiar with the installation, assembly,
commissioning and operation of such products and have the appropriate qualifications.

The EOM earth fault detection relay is manufactured in accordance with IEC
10110/EN61010 (DIMDE411), Safety class | and tested against this standard before it
leaves the factory.

Technicakpecifications
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6. Applications

The EOM earth fault detection relay is a compent of the REGSY$measurement, co-
trol, regulator and recording system.

EEE
|1 0 [ |3 e

=9 =y

The EOR earth fault detection relay is a component of the EORSys detection system and is
therefore easy to connect to the REBvoltage regulator and the REXR Pcoil regulator.

A key feature of the EORSys and the RE&&ythat all of the components that are ©o

nected through an £AN communication bus can be parameterized and connected to the
SCADA system through the same interface. All of the measured valdgsagsameters on

all of the connected devices can be accessed, read out and changed by the SCADA system.
Interfaces in accordance with IEC 60&¢/004, IEC 60876-103, IEC 60876- 101, IEC

61850 (Ed. 1 and 2) and DNP 3.0 are available.

Applications Pagell
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6.1 Definitions

REGDP(A) Regulator for Reoll

EORD Earth fault detection relay

Cl Current injection

CiCc Current injection controller

ASC Arc suppression coil (Petersen coil;dil)

"‘Une: Large index for primary quantities

"Une' Small index for secondary quantities

HPCI Highpower current injection (for regulation and location detection)

6.2 Earth fault detection

In order to benefit from the advantages of each of the earth fault detection methods in
every earth faulsituation, the following methods

Harmonics

Pulse detection

Transient

Wattmetric without residual current increase
Wattmetric with residual current increase

have been combined into the freely programmable earth fault detection rE@RD. The
messages fathe individual detection methods are freely selectable and combinable.

Features of each of the methods:
Harmonics
The trigger threshold for the zero sequence voltage Uen is parameterizable

High sensitivity through the comparative evaluation of the harmonic current in the
faulty busbar section

Compensation of the daytime harmonic current fluctuations through the comparative
evaluation

Also suitable as individual relay by evaluating the amg@mation
Suitable for isolated grids as simnelay for the fundamental frequency (50 Hz)

Pagel2 Applications
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Pulse detection
Dynamic adaptation of the trigger threshold for total current 3*lo
The pulse pattern to be detected is freely programmable
Indicator is reset bgn external signal or automatically at the end of a time period
Clocking can be controlled by the EDR
'Depth detection' up to the faulty section is possible

Transient
The trigger threshold for the zero sequence voltage Uen is parameterizable
The triggetthreshold for total current 3*lo is parameterizable

Suppression of transient message based on a selectable minimum duration of the zero
sequence voltage (transition to continuous earth fault)

Suppression of earth fault messages in direction of the bu&ironal)
Indicator is reset by an external signal or automatically at the end of a time period
Recording of the transient process (error log for transients)

Wattmetric without residual current increase
The trigger threshold for the zero sequence voltage Uen is parameterizable
The trigger threshold for total current 3*lo is parameterizable for each outgoing circuit
A fixed angle correction can be set for the current transformer
Suppression of earth fauthessages in direction of the busbar (optional)

Wattmetric with residual current increase
The trigger threshold for the zero sequence voltage Uen is parameterizable
The trigger threshold for total current 3*lo is parameterizable
A fixed angle correction ogbe set for the current transformer
Suppression of earth fault messages in direction of the busbar (optional)

6.2.1 The basics of resonant earthing

In medium and high voltage grids, Petersen coils are used to compensate the capacitive
current across the faujtsection by a similarly large countidbowing inductive current when

a single poldo-earth fault occurs. This is done by setting the coil (in the grid's healthy
state) to an inductive resistance at corresponds approximately to the grid's capacitive
resistance ¥

Applications Pagel3
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over- | under-

compensation | compensation
full-compensation

b)

L, G P-coil (inductance and conductance)

G, G G Lineto-earth capacitance

Z: Impedance at the faulty section

N Neutral point of the transformer

Ug Ug Use Phase voltages

Une Zero sequence voltage

lea les Capacitivecurrents in the two healthy lines
Ip Current through the Foil when an earth fault occurs
Igp Active component ofyl

Ip Reactive component of |

I Current across the faulty section

The following assumptions are made for the derivatives:

Theline-to-earth capacitance and conductance are symmetrical
All unbalances are allocated to Line 1
For first observations, no load current is flowing

Pagel4
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For the equivalent circuit iRehler! Verweisquelle konnte nicht gefunden werderhe fd-
lowing equations can be formulated:

0=1, 4, h I 1.1)
UY=L, 1.2)
Uy UY=L (13)
U, +U,0Y, =L, 4
Usy +U,)Ys =l (15)
Theconductances yield
Y.=G ; (1.6)
JWLP
Y, =(G+6 mC ¢ 1.7)
Y,=Y; =G wC (1.8)

In a symmetrical thre@hase system, the phase voltages are rotated 120° against eheh ot
er. This can be used by the rotation operatar~ € 120" 40 clearly display the equations.

0=1+4a gz applies. For voltagdd, and U; this results in the following expressions:
U,= Q-ZL_Jl and Uy =alU, . (1.9)

Using it in equation (1.1) yields

0=U., & ¥ ¥ UtY _é_\f _ay (110

or equivalently

Y, +dY, +aY,

Une = - U, (1.11)
XP+X1 +_Y2 _'Ya

Using equations (1.6)1.8) yields

Y,+&Y, +ay, =® i CD (112)

Y,+Y, %, @G 49D mM8C Q (@13

Applications Pagel5
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6.3

Pagel6

Used in equation (1.11) yields
Y Y

Upe= - == U ==Y @19
" Yy +Yy +(B B) X X%
with
Y, = B w d unbalance at the faulty section
Yy =3G G Watt-metric component of
B, =uBC Capacitive component ofpY
1 .
B = Inductive component of Y
M/LP
Yu I Uen = - Une
A 1IN QNE
Yw | Bc B,
- L

The equivalent circuit for equation (1.14) is displayeBehler! Verweisquelle konnte nicht
gefunden werdenThis circuit is valid for lowmpedane singlepole faults as well as grids
with a natural capacitive unbalance under the abovementioned assumptions.

Harmonics method

Fig.6 displays the current and voltage harmonics in the healthy grid. The prerequisite is
symmetrical series impedance (transformer, line) and symmetricattdirearth capat

tance. The links between the conductors are also assumed to be symmetricalinBian

loads on the grid create harmonic currents in the individual phases. Since the load has no
connection to earth, the sum of the load currents is zero at all times. On the other hand,
these harmonic currents create voltage drops along the grid's seriesdiampe (lineseries
impedance, transformer impedance). The distortions in the-loearth voltage are so
strong that the currents cancel themselves out across the line capacitance in tha-capac
GFyO0SQa ySdziNFt LIRAY(d 0S| &&Ind low actoss tha eakhior & K &
the Pcoil in a healthy grid with balanced earth capacitance even if thetdidime voltage
and the phase currents contain big harmonic currents.

Applications
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Because of the 'low impedance short circuit' in phase L1, thetdidime wltage on the
healthy phases L2 and L3 will be distorted. On the one hand, this distorted voltage supplies
a capacitive fundamental frequency current of 50 Hz, which, as described abovej-is co
pensated by the foil. The harmonic components contained irethineto-line voltage
create an additional harmonic current across the faulty section. Bear in mind thatathe c
pacitive conductance increases in line with the frequency, meaning that the same voltage
amplitude, e.g., for the fifth harmonic, will supplyditimes more current. On the other
hand, the current through the-Boil will be reduced to 1/5 because of thecBil's fivetime

higher impedance. For the harmonics, the earthed grid can be considered as an ‘isolated
grid' in firstorder approximation.

Applications Pagel7
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Fig.9 displays the simplified equivalent circuit of a substation with three outgoing circuits
and a single pol¢o-earth fault in phase 1 of line.fnly the harmonic currents in each of
the phases are shown. It is clear that the sum of the other outgoing circuits' harmanic cu

rents are flowing through the faulty outgoing circuit. This is valid for each of the harmonic
orders.

Key for this method ithe distortion of the line-to-line voltageon the substation's busbar.
This distorted lindo-line voltage creates the harmonic currents to the earttthe healthy
outgoing circuits Only the sum of these harmonic currents in the healthy outgoing circuits
can be measured in the faulty outgoing circuit.

Zioc I_ -
. |
Zisc |
P | Last |
Ziac | Load
U — T L
sC Cu Cac Cac
I Ylcac 'Iczc
_ /\ Zig A) A) |_ - —l
= )
> i last |
Zug | Load |
1
Iss J_cis -
r—
[
| 3 :
8
Bt 11
£%5
| 22|
Une
|
|

\ leogtlcas

lcactlcac

It must be noted for the harmonic relay, on the one hand, that the biggest harmonic cu
rent ismeasured in the faulty outgoing circuit and that, on the other hand, the phase of the

Pagel8 Applications



a-eberle

harmonic current is rotated 180° against the healthy outgoing circuits. In relation to-a ha
monic, the corresponding harmonic current in healthy outgoing circuits iacitiye and in
faulty outgoing circuits inductive. S&&g.10. So all the relay really has to do is correcty d
termine the direction of the current in relation to the harmonic voltage. Compared with the
wattmetric method, angle errors generated by the current and voltage transformers hardly
have an impact.

Une
——— >
erdschluss
Igesund I dschl
Ihealthy Iearth fault

The harmonics method issteady-state detection method

If switchovers are perforngon rings, the indicator of the faulty outgoing circuit will move
with them as soon as the sectioning point is behind the faulty section.

The outgoing circuit with the biggest current is displayed for rings. This is the electrically
shortest distance fronthe busbar to the faulty section.

Forisolated gridsthe condition that no current is to flow out of the neutral point is already
reached for 50 Hz. This is why the harmonics relay can be used for 50 Hz in isolated grids.
The advantage here is that 100%dloe 'O harmonic voltage' is available.

Limitations of the harmonics method:
Grid with only two outgoing circuits:

If harmonics are evaluated only by their absolute value, it will not be possible to selectively
determine the outgoing circuit by comparirtbe absolute values because harmonia-cu
rents flowing into one outgoing circuit flow out through the other outgoing circuit. The
absolute values of both currents are the same but have different directions.

=>Measuring the direction of the harmonic curitisnenables a selective statement to be
made on the faulty outgoing circuit.

No harmonics present:
This method cannot be used if there are no harmonics on the grid.

The sensitivity of the relay is not very critical because a comparative measurememt is pe
formed for each outgoing circuit. The relay always shows the biggest harmonic current and
the direction is also evaluated when there are only two outgoing circuits.

Very high impedance fault:

If the zero sequence voltage does not exceed a settable limieyéhe harmonic currents
flowing across the faulty section are very small.

Applications Pagel9
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6.4 Harmonics method with ripple control systems

The harmonics method assumes that the grid has enough harmonics.

Injecting a specific harmonidor example, with a ripple control sysn - improves the sit-

ation if the harmonics are low. The ripple control system is usually designed to create a
harmonic voltage of ca. 1%. This harmonic voltage is available in the observed grid and can
be used to detect the earth fault.

A freely definal# frequency can also be set in the relay, e.g., 217 Hz

The duration of the injection of the rippleontrol frequency is freely definable, e.g., 6s. The
detection results can be stored and displayed in the relay. The data can remain stored until
theearthT | dzf § Kl & 0SSy StAYAYlFIGSR 2NJ dzyGAf GKS
If the ripple control system is activated by the '6s impulse’, the earth fault indicator will not
immediately move with it when switching operations move the earth fadifrone ou-

going circuit to another. The last detected state is stored until the next request. A new
request for a '6s impulse’ must be made after the outgoing circuits have switched over.

6.5 Pulse detection

A clock system, which is normally connected to theoPs power auxiliary winding, creates

a pulsating current that can be measured all the way to the faulty section. The grid must be
set to overcompensate by a certain absolute value. Switching on capacitors changes the
current toward full compensation.hls decreases the total current in the faulty outgoing
circuit and increases it in the healthy outgoing circuits. Only the 200 ms mean values of the
total current (only 50 Hz component) are evaluated.

The belowfigure displays the basics of pulse detection
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Pulse detection consists of switching on a capacitor with a frequency of ca. 0.5 Hzuat a ne
tral point. This detuning changes the residual current across the neutral point. For low
impedance faus, this current can only flow across the faulty section. The voltage on the
healthy lineto-earth remains constant, which is why the capacitive currents in the healthy
outgoing circuits remain constant. This is why a change in the residual current5nHz 0.
rhythm can only be measured at the faulty outgoing circuit.

High impedance earth faults create a link to the healthy outgoing circuits. The change in
current across the fault section caused by impedance Zf changes the zero sequence voltage
Une and hene the voltage on the healthy line to earth. As a result, the capacitive current in
the healthy line to earth also changes. Because of this correlation, the faulty and the
healthy lines cannot be distinguished in the evenswimetrical clockingand highimped-

ance earth faults.

Unbalanced clockings a good workaround. With this type of clocking, the capacitor is
switched on for 1 second and switched off for 1.5 seconds (switéswitch-off ratio
1/1.5.5). This pattern can be repeated as often as desltes easy to demonstrate that the
resulting current changes for overcompensation in the healthy outgoing circuit arathe i
verse of the change in the faulty outgoing circuit. This creates a criterion for high
impedance transistors in the faulty line sdaligtinction can be made between the faulty and
the healthy outgoing circuits.

Transient earth fault method

An earth fault consists of three processes with overlapping impacts.
The following observations are based on the below assumptions:
The grid iswitched as a radial system
Injection is onesided only
Earth fault in phase 1
Fig.12is used to explain the ranges:

Ztr2 Uz I, Z1> Uoxe IoLast

ZTr3 U3><E |3Last | |
D s |
iLast | Load |
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6.6.1

Page22

The following overlapping processa® distinguished:
Discharging of the defective line to earth
Charging of the defective line to earth
Steadystate vibration

The following sections discuss each of the processes in detail.

Discharging of the defective line to earth

Important for the disbarge process are:
Conductivity of phase 1 to earth
Charging state of the conductivity of phase 1
Low line impedance ZL1 to and in the other outgoing circuits
Impedance of the faulty section itself or the earthing

The transformer and the loads have a vaigh impedance and are negligible for the obse
vations. The two healthy lines are also irrelevant. Phase L1 can be considered as a high
impedance closed lattice network. The healthy single feeders are switched in parallel, which
reduces the impedance anddreases the capacitance of the equivalent series impedance
on the healthy lines. The very hifffequency transient process depends on the length of

the cables and its frequency gets higher as the cables get shorter. It is usually in the range
of >10 kHz.

| fAYSUE GNIyaASyd TNB[dSyoOe O2yaiaiiyd 27
( _37500Hz0 .
E = &ml] (2.

The amplitude of the maximum discharge oscillation (earth fault in the vohlagamum)
depends on the length of the abowdescribed single core cable:

70 70
I ZE = 2501 CE (12

When the earth fault occurs in the voltage's zero point:

% 1%

I ze :§|CE (13)
with

ICE :3WCE E]_ (1-4)
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6.6.2 Charging of the defective line to earth

Key for the charging process are:
Capacitance of phase 2 and 3 to earth
Charging state of the phases' capacitance
Charging voltage ( E1+ E2, E1+E3)
Leakagenductance from the injection transformer
Line impedance ZL1 from the faulty section to the injection transformer
Impedance of the faulty section itself or the earthing

The distribution transformers or the loads are only considered at a high impedanasaand

be neglected in the first approximation. The load essentially functions as an additional
damping on the charge oscillation. If the distribution transformer is not loaded, the line is
essentially only loaded with the transformer's very high main induma

The charge oscillation's limiting element remains the injection transformer's relatively low
impedance leakage inductance, and, if the faults are very far away, the transformer's i
ductance to the faulty section.

A possible transformer deltaonnection can be converted to the equivalent wye corne
tion.

The charging process for the wye connection is displayed in the equivalent cirf€igitliB.

151,
.

2C
TUML Z E

The following formulas:
Lers =15 Ly (15)
Cers=2CEg (16)

The frequency of the charge oscillation is reached from

fas— | ———="— | —— 17
LersCers 20\ 3L1Cg -7

This formula for the charge oscillation frequency also applies when the inductance of the
transformer k, is added to the inductance of the line from the faulty sectto the trars-
former. It reduces the frequency. An earth fault that is very far away delivers a lower
charge frequency than an earth fault that is closer to a busbar.
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Estimation of the leakage impedance over the impedance voltage and the transformer's

rated apparent power:

2 2

ugU ug U

Xpp =wlyy = =00 k=n (18)
1005y, 100Sy

The initial amplitude of the changing current is reached from:

19 19 2 19
Ea=2wCg Uy, G =3 Fee G (19

The impact of the switching moment (anglgis taken intcaccount by the amplitude factor
(in the formula, f = 50 Hz):

C = \/coszj +

In the maximum of the eartline voltage of the faulty line (= 90°)

2
sin?; (1.10)

Qo
—

|-aDO}

A
f

O

= = f
E,=0667 K. TA 1.11)

For the zero point of the eartline voltage of the faulty line (= 0°) ¢ =1 and

E,=0667 E. (112)

The next figure displays a network with a cable from the busbar to the injection tramsfor
er and thee outgoing circuits on the busbar. Each of the charging currents are displayed in
each of the phases.

JJ
Zioa Uz -
M= !
- — - 1 last |
1] | ] Zun U, | Load
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Erde L\ = § ;[ j—ilmil
Earth -~ —_ A e 7/
Icactlcac /\\ T /
\ ANy ~ ~— ‘/
leatlcas
\ et
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The figure shows that the sum afl of the charging currents in the healthy phase flow
GKNRdzAK (GKS OKIFNHAY3 OdNNBydG Ay (GKS Al dzA G&
not be measured as residual current. The above derivations have shown that the peak value

of the charging cuent takes on at least the value 0.66ZLdf the remaining grid

(remaining grid = total grid minus faulty outgoing circuit).

Transient relays evaluate the charging process. The high frequency discharge oscillations

are filtered out.

6.6.3 Steadystate earthfault

In a steady state, the 50 Hz component of an isolated grid's capacitive current flows across
the faulty section. The earth fault keeps phasdriearth potential and both lin¢o-line
voltages U, and U, drive the earth fault currents across capacice Gand G. These earth

fault currents must be added as complex vectors.

2 3

U21 U31

Bde =
Earth

The component also includes the harmonic currents that are essgntiahted by the d

tortions in the lineto-line voltage, whereby it is important to note that the conductance of

the capacitors increases or the resistance decreases as the harmonic order increases. Due
to the decreased resistance, the current increasamstiie same excitation voltage. In the

first approximation (disregarding the series inductances, ideal resistors, etc.), the currents
increase in proportion to the harmonic order.

6.7 Wattmetric without residual current increase

The symmetrical component metddhas been used for decades to calculate the different
parameters in thregphase systems.

The zero sequence system is the most interesting for the detection of earth faults.

The zero sequence system combines all of the components that could conduct thatcur
to earth.

In the case of a singjgole earth fault in an earthed grid, the faulty section is not current
free even with full compensation.

The P coil can compensate the capacitive current but the residual current remains and
flows from the Pcoil acoss the faulty outgoing circuit, the faulty section and through the
earth back to the Feoil.
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P-coils get warm when an earth fault occurs, which clearly shows that active powes-is pr

sent in the Pcoil when an earth fault occurs.

In general, the foil hasa power of 40 kW to 80 kW (Important: this does not depend on

the voltage levels!).

For a 20 kV grid, the voltage across theolt when an earth fault occurs is 11.5 kV (20

kV/sqrt 3).

Together with the resistance the residual current is calculated taggroximately:

I=P/U
=50 kW/11.5 kV
I=4.3A

All of the isolating ideal resistors that reduce the total resistance and can therefore increase

the residual current are working at the same time as thepP.
The residual current generally lies in ttasge of 5 A to 10 A.

2' 3

L)

I—r5

‘\nA Ilﬁ

|||—"9—-

Zm Uz N ‘/\ Ziza - /\ > /\
e
Ziia
U o U l v \/i
| ITT & T711
| Earth W Isa ‘/ ‘/
\ /
/
N\ v

R’ - Ersatzwiderstand =~
Equivalent resistance

Important notes:
Residual current logging can only be used in earthed systems

Due to phase shift issues with holmgreen circuits, only work with cable type current

transformers.

For distributed coils, note that-€oils are not allowed to be operating on the faulty line.
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Wattmetric with residual current increase

The design of the-Boil has not changed in the last few decades.

The electrical power loss ofdwils that were manufactured 50 years ago are also between
40 kW and 80 kW.

Back then, the coils almost exclusively compensated overhead transmission grids.

The keof an overhead transmission grid is about 20 to 30 times smaller than that ofi-a sim
larly large cable etwork.

This is why the ratio betweer, bnd kgwas better than in cable networks in the days of
overhead power lines.

In order to achieve similar detection ratios, an active resistance can be added alongside the
P-coil to increase the residual currentrfthe duration of the measurement.

This also enables the phase shifts created by holmgreen transformer sets, whicle-are fr
guently used in overhead transmission lines, to be compensated.

The residual current can also be increased if the grid was not dhigoc@npensated (small
industrial grids, power plant networks, etc.)

but you must ensure that no-€vils are on the healthy line.
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7. Technical specifications EGIR

See the latest EOR datasheet for the technical specifications. The current versions of all
of our documents can be downloaded from our websi@vw.a-eberle.de

You can also request a copy by sending an emaifd@aeberle.de.

The datasheet with the connection instructions and these opera
instructions are important documents that ensure the safe operat
of the EOFD.

Page?8 Technicakpecifications EOR
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8. Connecting themeasurands to the EOR

8.1 Connecting the zero sequence voltage

The zero sequence voltage is connected through the voltage transformer's open dedta win
ing. The zero sequence voltage can be connected to theE@¢tording to the following
circuit diagrams. Wfour voltage channels must be connected in the same way.

L1

L2

L3

Anschluss EOR-D
Connection of EOR-D

e i !
|

= Bezugserde | i
Reference = ------ '
Earth

If the fourth voltage channel is used as reference potential, the earthed line (da or dr
be connected tosoltage input 'n'.
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8.1.1

Page30

Reference earth

The reference earth MUST be connected because it is the reference potential for the vol

age measurement inputs. Not connecting the reference earth will result in faulty
measurements.

If the position of the switch in the red circle is towards the front of the panel as shown in
Fig.19, the reference earth must be connected with pin 24 as showkigr20.

If the switch is setowards the female multipoint connectors (meaning to the right), the
reference earth must be connected to pin 22 on the fourth voltage channel.

Default: Switch for reference earth towards front panel (and therefore independent ¢
fourth voltage chanel)

Note:

EORD devices up to April 2006 do not have this selection switch. The reference pote
therefore set to the fourth voltage channel.

Connectinghe measurands to the EGR



a-eberle

8.2 Synchronization voltage Lnc

Netzteil
auxilliary voltag

AC/DC
= s
E
a4y o| ol c ol c ol c
=
28|32[30 N ENEFHREEREREE
1
o o
o — ~ ™ < B 3
c c o 2
> o c c c oo
g ) g g 3 2.
D > D D 5
[}
mrr

The power supply for the EARIis equipped standard for 88 V to 230 VAC and VDC. Other
voltage ranges are also available.

The inputs for the zero sequence voltagg,tb Us.,scan be used up to a rated value of 100
V.

The synchronization voltageylk (100 V to 250 V) is used as the reference voltage tosmea
ure the phase for the zero sequence voltages, tb U.n, and the total currents,l to l,s. A

few calculation methods usthe quantities for detection. The lir®-line voltage |, for
example can be used as the synchronization voltage. Other voltages that are grid
synchronized and not affected by a single pmesarth fault can also be used. The input for

the synchronizabn is designed for a nominal voltage of 230 VAC but a voltage of 50 VAC is
sufficient.

The 230 VAC auxiliary circuit can also be used as synchronization voltage. Voltages up to
400 V lineto-line can also be used but the voltage transformer may not béhedr

The voltage is transformed internally into a square wave signal so that no speciakrequir
ments must be met except the required minimum value and synchronicity with the 50 Hz
voltage. This synchronization voltage synchronizes an internal pbekedloop (PLL) and
interruptions in the synchronization voltage in the seconds range have no effect, for exa
ple, on switching over the internal transformer to another busbar. The PLL is inactive until
there is a need for synchronization voltage. If a sigealot detected, the last setting is
used.

Connecting the measurands to the EDR Page31



We take care of it.

Because the EGR supports up to four busbar sections, up to four synchronization vol

@ can be connected to the device. Bear in mind that only one synchronization input shc
live, which is why there shuld be one selection circuit in each of the busbar sections fc
synchronization voltage.

U-Sync EOR-D E1EOR-D E2EOR-D E3EOR-D EL!
Anpassung U-Sync. | U=Sync. | U=Sync. | U-Sync. !
condﬁiomng ync. : ync. : ync. | ync.

| 1]

L1jL2 L1L2

Usync Usync

-1

d
d ]
d

| I

U-Sync. 1, 230V
U-Sync. 2, 230V

Usync 111
Usync 1L2
Usync 2 L1
Usync 2 L2
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8.3 Total current

The total current measured at the outgoing circuit is used in the efatht detection
method. The total current can either be connected through a cable type current transfor
er or a holmgreen circuit on the phase current transformer.

The connection through a cable type current transformer is preferred because the aumm
tion (3l, =I1+ 1>+ 19 is performed over the magnetic field. The connection is carried out
according td~ehler! Veweisquelle konnte nicht gefunden werden.

Another way of reaching the total current would be to use a holmgreen circuit. This has the
disadvantage that the transformer errors of each of the phase current transformers are
added, which results in a higher inaccuracy.

PL . . P2
o—mmmm g
F>115;1 ® 1sP 2s1v” ZSZ,PZ
o— "
—.-—
PllSl 1s2p 2s1v°_ 252 o
‘— ‘e O
| — -
1S1p *  1S2f 2s17° 2527
“““““ [
ki EOR-D [
L 4 |
[
|
I I
I I
| [
|
[

@ Information!
The following applies to all of the circuit diagrams for the current transforf&ris pos
tioned with its direction of installation towards the busbar
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ELAN

E- LAN( Ehergy- LocalAreaNetwork )

Each EOR has two equal EAN interfaces through which the devices (and other RegSys
devices) can communicate with each other.

The ELAN can connect a maximum of 25BAN participants (EGR, REEP/DPA, REDG,
MMU-D, PAND). All of the particignts can communicate with each other or be controlled
centrally (for selection and details, see the operating instructions for WinEDC).

5@3 EORD s-sheri Aa% Fq: EOR-D aserte AEQ} W@ EOR-D a—eberleAaqa
Stat Status © Status ©
El: . E2: . E3:
o o o
o o o
— — — O
Reset Reset Reset
com1 com1 com1
@ LPp e @ LCPp = % oLP <
Sk BUS-R 8l BUS-R =1 BUS-R
BUS-L [ Yl BUSL  +|)
teminiert | BUSL <& terminiert 5 [
ELAN (2-Draht)

Fig. 23Configuration example for three EDR with twewire ELAN connection

ELAN LEFiRdicdes the settings for the left bus

(female multipoint connector 6, terminals b6, b8, b10 and b12 see page 22).
ELAN RIGHEfers to the settings for the right bus.

(female multipoint connector 6, terminals z6, z8, z10 and z12 see page 22).

Each of these imtrfaces works with a-@ire line or 4wire transmission technology (RS
485).

Female multipoint connector 6

BusL Te- BusR Te- Function 2-wire

minals

minals

b6 z6 10+ ‘Input +' and 'Output +' '‘Output +'
b8 z8 10- 'Input -' and 'Output-' '‘Output -
b10 z10 E+ No function ‘Input +'
b12 z12 E- No function 'Input -

A 2wire cable is usually chosen because it's the only one that enables a bus configuration
with several participants on the same bus cable. The integrated terminating resistor must

be switched on for thdirst and thelast participant on the bus cable (tipn: 'Terminated).

Page34
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Transmission distances > 1000 m or the use of a booster requifieedransmission tel-
nology. The required terminating resistors are automatically enabled (you do not have to
check theTerminated option).

2-Draht BUS
REG-DP
REG-DP REG-DP
2-Draht
Line to Line
: REG-DP PReG 0P A% REG-DP
mRow R _mwer
E
=
E
E
o P
e o o @
BUS-R
2-Draht
Line to Line
a0 REG-DP (@REG - DP ,,e.«jeAW REG-DP
= : (=
[=] [=]
= + | =
— 4-Draht T
BUSL oo olal N‘ BUSR Line to Line BUSR
——
i

geeignet fiir LWL-Ubertragungsstrecken
und RS 485 Booster
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10. Commissioning

OVERVIEW:

The following steps should be performed during commissioning:
Check the wiring
Check the power supply
Install WinEDC parameterization software
Configure/test COM connection to PC
Configure/testthe ELAN connection between the EQR
Update firmware, if necessary
Load parameter set with switching scheme
Check the voltage and current measurement inputs
Check the digital inputs, outputs and LEDs
Check the communication with the SCADA system

10.1 WinED(Parameterization Software
A CD with the current version of the WIinEDC parameterization software is shipped with the
EORD.
¢tKS /5 OzzyilAya Iy SES FAt{S IyR RIGLFIol as$s
to be installed as one normally would. Aluyhave to do is copy the exe file and the atat
base (.mdb) to a directory of your choice.

The current software version isWIinEDC 1.4.5.65.exe

@ Information!
The parameter database config_dp_xy.mdb is only needed forHFEG
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10.1.1 Function keys in WinEDC

&, WinEDC + EOR 1.4.5.65 (default values) =] 3]
File COM Options ?

W] =P B 4

EOR-D | EOR-DM | RegDPi&) | Parel | Teminal | Logfie | Service |

i Modules

: Station Config
Syztem

- Trangients
(]

i Harmaiicz

- Watimetric
- Pulse

... Relays/LEDs

com1: v

Y Copy current parameter set from device to PC

L

Copy current parameter set from PC to device

Open available parameter set on data carrier

Save current parameter set

Print openparameter set (to the printer or a different file format)

Exit WinEDC

h = [ | [
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10.1.2 Connecting the WInEDC software to the EOR

You will need a null modem cable to connect the HDIR the PC. The interface speed for

the serial connection must be the same for the HO&nd WInEDC.

Delivery state of the EGB:
Mode: Default;
Baud: 115200;
Parity: None;

Handshake: RTS/CTS (= Hardyvare

Physical connection

9 pol sub-D female

RxD 2 2 RxD
TxD 3 3 TxD

(DTR 4) —— ~— (4 DIR)
(DSR 6) (6 DSR)
RTS 7~ 7RIS

CTS 8 8 CTS
GND 5 5 GND

The below figure shows how the interface parameters are changed in WinEDC:

File 'ﬁ Options  ?
" m wmCOM1

‘™ coma
coM3
coM4 | Ter
COM5
coM&
coM 11
coM 12
COM 13
COM 14
COM 21
" comzz

mu‘

EQ

=

Disconnect
Disconnect On Deactivate

Read COM-ports again
Modem. ..

The EO® and WInEDC now have the same interface parameters and The PCnzan co

municate with the device.

You can confirnthis by going to the terminal screen and pressing the <ENTER> key on your
keyboard. The device with the ID that is directly connected with the serial cableewill r

spond.

% WinEDC + EOR 1.4.5.65
Fle COM Terminal Options ?
T

Eigenschaften von COM1 21

Anschlusseinstellungen |

Datenbits: m
Baitdt [kene =]
Stoppbits: lﬁ
Flusssteuerung: lm

wiederherstellen
0K I Abbrechsnl UI_Jemshmsnl

Bits pro Sekunde:

=101 x|

Z[¢| | Al

EORD | EORDM | RegDP)| Panel Teminal | Logtie | Service |

<EL>
<E1>
<E13]

[Terminal |com1: 115200, N, 8, 1, RTS/CTS |

Page38
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10.1.2.1 USB serial adapteg Reimporting interfaces

In the current version of WInEDC yaancreimport the available COM interfaces. You may
have to do this when you connect a USB serial adapter to the PC when WInEDC is running.

WinEDc + Eon 14555
File | com Terminal | Optons ? File | COM Terminal Options ?
— — —
®COM1 = . COM1 =
E COM 2 — E com2 =
— com: ] — coms =
EOF  coma T it EOF  com4 il
[ coms 25
coms
<p coMe < COM 11
COM 11 <E
<E coM 12
<F COM 12 <E
COM 14
e [ conr )
comar COM 21
com et com 27
etings COM Settings
Disconnect —— ot
Disconnect On Deactivate .
M Read COM-parts again
Maodem. .. Modem...

Notes:
@ The interface settings do not change whie firmware is updated.
By resettingall of the parameters (sysreset=590.1), the EDBhanges to:
Mode: Default;
Baud: 9600;
Parity: None;
Handshake: Xon/Xoff

Note that any parameters or background programs that are stored on the device ate
ed!

Comnunication with the directly connected device should be tested:

In the WInEDC terminal screen, the EDRust answer with its ID (e.g. <E1>) every
ENTER is pressed.
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10.1.3 Configure/test communication between the EOR deviceghrough

Page40

the ELAN

The interface parameters must be the same for all devices (master and slave(s)) (see

parameterization).

Only onedevice may/must be terminated on thelEAN.
Unused H_AN interfaces must also be terminated.

k, WinEDC + EOR 1.4.5.65 - EOR-D_E1_J01-304 - modified

=10 x|

File COM Options ?
T
B 4

EOR-D |EDF|-DM| Heg-DF'[A]I Pariel | Termlnall Loghlel Serwcel

Eior-D ~Device |dentification—— Senal C ic:ati E-LAN
- Modules
Station Config COk1 COM2 left right
- Spstem ] - > ' - i -
ransients 1D - Mode IStandard l IStandald l Mode |2-W'|re J |2-W'|re J
- ui M ame IJDND4 Baud |1152DD 'l |1152DD 'l Baud E2500 = 62500  «
- Harmonic: 2 o I J I J
- W attmetric Parity INone vl IE\.-en vl TerminaledIYes j IND j
o Pulze
[ Relays/LED = HandshakelHTSf’ETS 'l |>(0n.-"><off 'l
> PC-COMT | - PC-COM1
Send to Ad: |

—Real Time Clock

Date |2£25£2D1 g
Time: |12:D1:D? PM

Send to...

Al | all

25/02/2016 12:01:06

Connect the serial cable the COM1 interface of the first ECIF. In the

WInEDC parameter screen 'EOR Module', enter the correct device ID (e.g. E1:), apnfi

ure all ELAN parameters accordingly (pay attention to correct termination!) and press

'Send to AA:' to send the settingsthe connected device.
This process must be repeated for each HEDiRat needs to be parameterized.
Communication with the directly connected device should then be tested:

In the WIinEDC terminal screen, all of the devices should answer with their dBvafeer

SYyUiUSNAyYS3

GKS WRAND O2YYIl YR

F Y R

LINBaaAy3
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-iBix]

IF|Ie COM Terminal Optons ?
olE 2| E| 4

"EORD | EOR-DM | Rieg:DP{A)| Pansl  Teminal | Logfis | Servics |
dir|

El:

E2:

<E1>

frerminal [com1: 115200, N, 8, 1, RTS/CTS | [z 2

10.1.4 REGL commissioning commands

Alternatively, the interfaces can be configured by entering REGmMmands in the terminal
screen.
The following is a list of useful REE@ommissioning commands.

REGL can-  Description Example
mand
dirn Displays all devices connect{ <B>dirn
in the ELAN with their nam¢ g:-REaP
and ID
all,ver& Displays the firmware versio <B>all,ver&

of all devices in the-EAN B:RE@P: Version 2/4/07 from 12/07/12

all,systest& Number of main iterations | <B>all,systest&
(main = 318 loop/s); transi®i | B: Main = 1295 loops/s

sion errors in the £AN are ) L - _
seEs I Bl 6 B B: ECEAN TxRep: BL=0, BR=0; ESCC2: BL

BR=0
Creates a list of set syste| Ball,errstat&
all,errstat&
error flags B:No errors
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REG. con-
mand
all,status&

Creates a list of internaled

Description

vice information, e.g., relay,
battery, COM interfaces,-E
LAN settings etc.

Example

B:Station
B:RE@P
B:Interval

B:Format(0)
days), O used

B:Tariff : T1 (program)

B:Relay : RIR2: R3: R4: R5:R6:
B:24 V Output : OK

B:LithiumBat. : OK

B:StatusRelay : 1 (OK), coupled
B:Max.EtLevel : O

B:COM1 115200 baud, parity: Off, han
shake: Xon/Xoff, ECL

B:COM2 : 57600 baud, parity: Evendhan
shake: Xon/Xoff, ECL

B:COM3 -

B:BUS : 62K5 baud (2W+), user(0),
total: 1

B.BUR  : 62K5 baud (2W+), usRr9(0)

. B:RHIP [REG]
. Software V2.4.07 (12/07/12)
: 15 m (time)
: 32 channels, 476 entries (5.0

All,setoms&

Displays COM settings for al
ELAN devices

B:SetCOM1 = ECL/115208%ON
B:SetCOM2 = ECL/57600/PE/XON
B:SetCOM3 = 19200

B:SetLanL = 2W+/62K5
B:SetLanR = 2W+/62K5

all,sysSN

Displays the device numbers

<B>all,syssn&
B:SysSN = 100626421.4160

all,hlist*&
all,plist*&
all,glist*&

Displays the H, P and Q row

setkenn = A:

Changes the ID of the device
that is connected to the
COM1 interface through the
PC

<B>setkenn = A:
<A>

Commissioning
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10.1.5 Example: Changing the interface speed of tG®ML1 interface

REGL can-  Description Example
mand
setcoms Display current interfac{ <E1>setcoms
configuration SetCOM1 = ECL/115200/RTS

SetCOM2 = ECL/115200/RTS
SetCOMS3 = 19200

SetLanL = 2D+/62K5
SetLanR = 2D+/62K5

Copy the row for the COM
settings and paste them g <E1>SetCOM1 = ECL/115200#FS
the prompt
Change COM1 settings as | <E1>SetCOM1 = ECL/5760(RR'S
needed and press <ENTER>
confirm

10.1.6 Updating EOFD firmware with WinEDC

You will not have to update the firmware if you start using the BCOfRortly after delivery.

If there has been a longer period of time between the delivery and the commissioning of
the device, you may want to download the current firmware version from wabsite
www.a-eberle.de and update the ECIXfirst.

10.1.6.1 Querying the firmware version with WinEDC

Entering the command 'ver' and pressing <ENTER> after the connection to tHe B&R
been established displays the firmware's version number.

-i5ix]
File COM Terminal Options ?
:
— ] —~ %
ale] 2] 4
"EOR-D | EOR-DM | Rea:DP(a) | Panel  Terminal | Lagfie | Servies |
<El»ver
EOQOR-D: Version 1.4.40 wvom 1Z2.08.13
<E1>
fTerminal |com1: 115200, M, 8, 1, RTS/CTS | :
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Important notes:
All EORDs that are connected through thel AN must be on the same firmware vers
You can test this by entering the following commands in the WIinEDC terminal screen

<El>all,ver& <ENTER>

E1:EOR- D: Version 01/03/2014 from 21/06/2007
E2:EOR- D: Version 01/03/2014 from 21/06/2007
E3:EOR- D: Version 01/03/2014 from 21/06/2007
<El>

10.1.6.2 Selecting the right firmware file

The current firmware version can be downloaded from our website. A distinction is made
betweendevices before May 2009 and devices after May 2009.

Firmware section on the webpage Name of the firmware file to be
installed on the EOR
<+ V1440 |®| eor_1440_UNI.moc
fur Gerate ab Mai 2009
for devices as of May 2008 i hElI:I_EEIF_ 1440_UMI.moc
para dispositivos como el de Mayo 2009
& 1440 |#| eor_1440.moc
fiur Gerate vor Mai 2009 i hElFI_EDF_lq‘q'D.ITIDE

for devices before May 2009

para dispositives realizado antes de Mayo 2009

Note: You can use the same firmware with the file extension _UNI on all devic
updating the EOW® bootloader (at least bootloader v 2.12).
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10.1.6.3 Updating firmware

0 Put the EOM into bootloader mode for the firmware update

Important notes:

In this case the null modem cable must be connected directly to theE@RLt the fim-
ware is to be installed on.

When updating firmware, the COML1 interface on the PC must always be set to:
0 Mode: Default;

0 Baud: 115200;

O Parity: None;

0 HandshakeRTS/CTS

|  Press and hold the reset button on the EDRor approx 10 s to put the device into
bootloader mode. All LEDs are illuminated as long as the reset button is pressed. As
soon as the EOR has switched into bootloader mode, all of the LEDs ondlested
EORD start to flash. Release the reset button. The status LED is red.

Note:

You can press and hold the Reset button for 10 s at any time to take thEQRof boa-
loader mode and put it back into normal mode.

Depending on the front panel and the bootloader, the HDRIll behave as follows in bto
loader mode:

Versions Behaviour in bod- Firmware

loader mode
Old front and bo¢- | Status LED is red eor_Vxxx.moc
loader V1.xx help_eor_Vxxx.moc

EOR-D a-eberle A
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Versions Behaviour in bod- Firmware
loader mode
Old front and boot- | Status LED is orange, fird eor_Vxxx_UNI.moc
loader V2.xx outgoing circuit LED is help_eor_Vxxx_UNI.moc
EOR—-D a—eberleA green
Status @
.
B -
=]
-] Resel O
e
New front andboot- | Error LED is red eor_Vxxx.moc
loader V1.xx help_eor_Vxxx.moc

EOR-D a—eberleA
Betrieb @

Stérung @

@
@
. ®
Q
©

Reset O

New front bootloader| Operation LED is green; | eor_Vxxx_UNI.moc

V2 .XX Error LED is red; First help_eor_Vxxx_UNI.moc
FORD  actertc A outgoing circuit LED is
green

Befrieb @

Stérung @

@
L
. ®
Q
©

Reset O

Page46 Commissioimg



a-eberle

Important notes:
@ Files for twobootloader versionsare currently delivered.
All EOFDs that were delivered after March 2009 left the factory with the revatloader.
For the new bootloader from version 2.10 the files with the extension _UNI must be u:

This creates the following combinations:

Loading FW.moc on device with bootloader 1.xx => ok

Loading FW.moc on device with bootloader 2.xx => Error mes%&geng version'
Loading FW_UNI.moc on device with bootloader 1.xx => Abort without error message
Loading FW_UNI.moc on device with bootloader 2.xx => ok

Firmware is updated
With the EORD in bootloader mode, perform the following steps:

Select the function Select the directory in which | The progress of the update is
‘Update firmware update with |the firmware and the 'Help' arg displayed at the bottom of the
reset' stored screen.

Note:

If the EORD firmware is updated from a versionl4.x, a sysreset = 590 must ber
formed. Note that all of the parameters and the background program must be reloade

| Repeat the steps for all of the other EDRlevices

Commissioning Paged7












































































































































































































































































































