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Disclaimer

The data, examples and diagrams in this manual are included solely for the concept or
product description and are not to be deemed as a statement of guaranteed properties.
All persons responsible for applying the equipment addressed in this manual must
satisfy themselves that each intended application is suitable and acceptable, including
that any applicable safety or other operational requirements are complied with. In
particular, any risks in applications where a system failure and/or product failure
would create a risk for harm to property or persons (including but not limited to
personal injuries or death) shall be the sole responsibility of the person or entity
applying the equipment, and those so responsible are hereby requested to ensure that
all measures are taken to exclude or mitigate such risks.

This product has been designed to be connected and communicate data and
information via a network interface which should be connected to a secure network.
It is the sole responsibility of the person or entity responsible for network
administration to ensure a secure connection to the network and to take the necessary
measures (such as, but not limited to, installation of firewalls, application of
authentication measures, encryption of data, installation of anti virus programs, etc.)
to protect the product and the network, its system and interface included, against any
kind of security breaches, unauthorized access, interference, intrusion, leakage and/or
theft of data or information. ABB is not liable for any such damages and/or losses.

This document has been carefully checked by ABB but deviations cannot be
completely ruled out. In case any errors are detected, the reader is kindly requested to
notify the manufacturer. Other than under explicit contractual commitments, in no
event shall ABB be responsible or liable for any loss or damage resulting from the use
of this manual or the application of the equipment.



Conformity

This product complies with the directive of the Council of the European Communities
on the approximation of the laws of the Member States relating to electromagnetic
compatibility (EMC Directive 2014/30/EU) and concerning electrical equipment for
use within specified voltage limits (Low-voltage directive 2014/35/EU). This
conformity is the result of tests conducted by ABB in accordance with the product
standard EN 60255-26 for the EMC directive, and with the product standards EN
60255-1 and EN 60255-27 for the low voltage directive. The product is designed in
accordance with the international standards of the IEC 60255 series.



Safety information

The safety warnings should always be observed. Guarantee claims might not be
accepted when safety warnings are not respected.

Dangerous voltages can occur on the connectors, even though the
auxiliary voltage has been disconnected.

Non-observance can result in death, personal injury or substantial
property damage.

Only a competent electrician is allowed to carry out the electrical
installation.

National and local electrical safety regulations must always be
followed.

The frame of the protection relay has to be carefully earthed.

The protection relay contains components which are sensitive to
electrostatic discharge. Unnecessary touching of electronic
components must therefore be avoided.

Whenever changes are made in the protection relay, measures should
be taken to avoid inadvertent tripping.

Do not make any changes to the REF 542plus configuration unless
you are familiar with the REF 542plus and its Operating Tool. This
might result in disoperation and loss of warranty.

©@ 0 OB
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Section 1
Introduction

Section 1

1.1

1.2

1.3

1.3.1

Introduction

This manual

This manual describes how to use the protection functions available in REF 542plus.

This manual is addressed to engineering personnel and to anyone who needs to
configure REF 542plus.

Intended audience

This manual is intended for operators, supervisors and administrators to support

normal use of the product.

Product documentation

Document revision history

Document revision/date Product version History
2003-07-15 First release
2003-12-10 Content updated
2004-05-01 Content updated

A/2006-02-28

Content updated

B/2006-09-30 2.5 Content updated to correspond to the
product version

C/2007-04-30 2.5 SP1 Content updated to correspond to the
product version

D/2008-12-19 2.6 Content updated to correspond to the
product version

E/2009-11-04 3.0 Content updated to correspond to the
product version

F/2016-06-27 3.0 Content updated

G/2019-08-16 3.0 Content updated

Download the latest documents from the ABB Web site
http://www.abb.com/substationautomation.

Multifunction Protection and Switchgear Control Unit REF 542plus

Protection Manual
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1.3.2

1.4

1.4.1

12

Related documentation

Name of the document Document ID
Real Time Clock Synchronization, IRIG-B Input Time Master 1MRS755870
Product Guide 1MRS756269
Configuration Manual 1MRS755871
iButton Programmer User Manual 1MRS755863
Manual Part 3, Installation and Commission 1 VTA100004
Manual Part 4, Communication 1VTA100005
Motor Protection with ATEX Certification, Manual 1MRS755862
SCL Tool Configuration Manual 1MRS756342
Technical Reference Manual 1MRS755859
Technical Reference Modbus RTU 1MRS755868
Web Manual, Installation 1MRS755865
Web Manual, Operation 1MRS755864
IEC 61850 PIXIT 1MRS756360
IEC 61850 Conformance Statement 1MRS756361
IEC61850 TISSUES Conformance Statement 1MRS756362
Lifecycle Service Tool 1MRS756725

Symbols and conventions

Symbols

é The warning icon indicates the presence of a hazard which could

result in personal injury.

The caution icon indicates important information or warning related
to the concept discussed in the text. It might indicate the presence of
a hazard which could result in corruption of software or damage to

equipment or property.

The tip icon indicates advice on, for example, how to design your

project or how to use a certain function.

The information icon alerts the reader of important facts and
conditions.

Multifunction Protection and Switchgear Control Unit REF 542plus
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1MRS755860 G Section 1
Introduction
Although warning hazards are related to personal injury, it is necessary to understand
that under certain operational conditions, operation of damaged equipment may result
in degraded process performance leading to personal injury or death. Therefore,
comply fully with all warning and caution notices.
1.4.2 Document conventions
A particular convention may not be used in this manual.
*  Abbreviations and acronyms are spelled out in the glossary. The glossary also
contains definitions of important terms.
e Parameter names are shown in italics.
The function can be enabled and disabled with the Operation setting.
*  Parameter values are indicated with quotation marks.
The corresponding parameter values are "On" and "Off".
*  Input/output messages and monitored data names are shown in Courier font.
When the function starts, the START output is set to TRUE.
Multifunction Protection and Switchgear Control Unit REF 542plus 13
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1MRS755860 G Section 2
Analog measurement

Section 2 Analog measurement

The 8 available Analog Input channel measures are acquired and processed according
to the following flowchart.

AA LP Filter HP Filter ADC
— -
(2.2 KHz) 0,720 Hz) 19.2KHz
LP1 Filter —\\
(1.5 KHz) T
+
Down sampling
4.8 FHZ
+ +
LP2 Filter LP3 Filter —
{380 Hz) 8" order IR (100 Hz) 3" order lIR —
k3 kL
DFT /RMS & Math
Protection & Control
Figure 1: Analog measurement

The analog signal entering the Analog Input board goes through two hardware filters
to reduce noise. It is then sampled and converted to digital information by a sigma-
delta Analog/Digital converter with an acquisition rate of 19.2 kHz.

The acquisition is performed in parallel on all 8 analog channels, and therefore the
data samples of the network currents and voltages are contemporary, that is, no phase
shift/time delay is introduced between the network quantities.

The digital data is processed by a digital filter LP1 to reduce the information
bandwidth to 1,5 kHz.

This information is provided directly to the DFT / RMS and Math block, performing
the Discrete Fourier Transformation and RMS value analysis for the protection
working on the full RMS harmonic content up to the 25" harmonic (switching
resonance, high harmonic) and to the frequency protection for higher discrimination
of zero crossing.

Multifunction Protection and Switchgear Control Unit REF 542plus 15
Protection Manual
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Analog measurement

For all the other protection functions, the digital data is down sampled, that is, one
sample each 4 is used to 4800 samples/s, maintaining the same information
bandwidth.

Furthermore, the signal is digitally filtered by LP2 and LP3 (HSTS function analog
quantities only) and provided to the DFT/ RMS and math block, performing the
Discrete Fourier Transformation and RMS value analysis.

Almost all protection functions are based on the DFT calculation for the selected
network rated frequency. Only the thermal overload protection performs the
temperature calculation by applying the RMS current values, in which all harmonics
are considered.

In addition the following functions use:

o Overcurrent instantaneous

To function the peak value of the measured current under transient condition for a
faster response. This is when the instantaneous peak value is over three times higher.
SQRT (2) the RMS value:
Ix_peak /\/5 > 3 ’ Ix_RMS

(Equation 1)
e Inrush harmonic
The function evaluates the ratio between the current values at 2" harmonic and at
fundamental frequency.
»  Differential protection

The function evaluates the measured amount of differential current at the
fundamental, 2" and 5™ harmonic frequencies.

16 Multifunction Protection and Switchgear Control Unit REF 542plus
Protection Manual
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Section 3
Analog Inputs

Section 3

3.1

REF542plus Analog Inputs il

Inputs | MNetwarks | Calc. Values |

Analog Input Board

Analog Inputs

The Analog Inputs dialog allows the user to configure:

*  Analog input channels

*  Network characteristics (REF 542plus can handle currents or voltages from two
different networks)

*  Calculated values (power, THD, mean and maximum current values over the
desired time interval)

Analog Inputs

‘?501?0,"814 Get group data

Chan... | Type | [Nl e, I Direction Connection I RFY I RS IR FPhase calib Amp calib ITerrn... |
1 Current Transtormer 1 Line Phase 1 100.000 A 1.000 A 1.000 A 0.000 1.0000 =80
2 Current Transtormer 1 Line Phase 2 100.000 A 1.000 A 1.000 A 0.000 1.0000 patili]
3 Current Transtormer 1 Line Phase 3 100.000 A 1.000 A 1.000 A 0.000 1.0000 pasili]
4 Yoltage Transformer 1 Marrnal FPhase 1 100.000 kY 100.000 100.000 0.000 1.0000 pas:li]
5 “oltage Transfarmer 1 MNarmal Fhase 2 100.000 kY 100.000 100.000 0.000 1.0000 sl
6 Waoltage Transtormer 1 MHarmal Phase 3 100.000 kv 100.000 % 100.000 % 0.000 1.0000 patili]
7 Yoltage Transformer 1 MNarrnal Residual 100.000 kY 100.000% 100.000% 0.000 1.0000 Xa0
8 Current Transtormer 1 Line Earth 100.000 A 1.000 A 1.000 A 0.000 1.0000 pasili]

—MNetwork nominal values

Calculated values :

Net1 Net2 Pamer caloulation : Three phase power
MNominal Network frequency : E0Hz Reference system : ‘Luad
HNaominal Voltage : 20,000 kv ‘ 20.000 kv Maxirmal measured values ‘5 rhin
Mominal Current : 100.000 A ‘ 100.000 A THD calculation on ‘Seﬂ
QR | Cancel Al
Figure 2: Analog Inputs

To ease the input of analog input channels, the user can push the Get group data button
in the Inputs tab of Analog Inputs dialog and then select the used board from the list.
This configures the used analog input channels to the proper sensor type and sets
default values for each sensor type.

Multifunction Protection and Switchgear Control Unit REF 542plus 17
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3.1.1 Analog board selection
Analog Boards Dialog il

—Boards List
760170/801 - \LI
750170/802 P—
7501704803 ance |
7501707804
750170/505 _ Sensors
760170/806
7501707807 T CT
750170/808 2 CT
7501704809
7501707810 3oor
7601704811
7501704612 Il
750170/813 5 VT

BWT
7501707815
750170/816 7T
501707617 ~lf|s cr
Figure 3: Analog board selection

To complete the configuration of each analog input channel, that is, to set the
appropriate Rated Primary and Secondary Values, the user must double-click the line
in the Inputs tab of Analog Inputs dialog.

18 Multifunction Protection and Switchgear Control Unit REF 542plus
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31.2 Current transformer

Analog Input 1 j

Network:
& N '
Primary Sensor Type : = L
ot
+ Phasel (g {3 " Bus
(¢ (¢ C R * Line

Rated Primary Value [RPY] : (300 000 1.000 .. 5000000 A

Rated Secondary Value [RSV]:  [1.000 0100 . 5.000 A
Board Input Rated Value [IRV] : 1‘-000 0.200 .. 5.000 A
~ Calibration Factors -
Ampituce : 1.0000 0.7000 .. 1.3000
Phase : 10.000 -180.000 .. 180.000 *

(o] oo |

Figure 4: Current transformer

Board Input Rated Value (RV) at present can be 0.2, 1 or 5 A only depending on the

type of CT mounted on Analog Input board.

In case of a mismatch between Rated Secondary Value (RSV) and Board Input Rated
Value (RSV), REF 542plus automatically compensates the protection function

thresholds.

Default direction of the polarity for the CT is “Line”. If “Bus” is selected, the polarity
of analog signal will be inverted to preserve directions in directional protections. The

amplitude and phase corrections can be introduced.

Multifunction Protection and Switchgear Control Unit REF 542plus
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3.1.3

Current Rogowski

Analog Input 1 B x|

Rated Primary Value [RPV] :

Rated Secondary Value [RSV]

Board Input Rated Value [IRV] :

100 000 1.000 .. 5000.000 A

0150 0150 .. 0,750 W

0.150 0150 .. 0.200 ¥

20

Amplituce 1.0000 0.7000 .. 1 3000
Phase . 0,000 -180.000 .. 150,000 *

(o] oo |

Figure 5: Current Rogowski

The current sensors usually cover a rated primary current range, for example the type
KEVCD 24 A covers the primary current range 80...1250A.

One value should be chosen as Rated Primary Value (RPV), usually the value
matching through the current sensor rated transformation ratio the Rated Secondary
Value (RSV) and Board Input Rated Value (IRV). For example, with a transformation
ratio 80 A/0.150 Vand RSV, IRV value 0f 0.150 V aRPV 0of 80 A can be chosen. The
RPV value introduced will be used as the rated current in protection functions.

The rated transformation ratio of current sensors, typically 80 A/0.150
V, shall always be correctly introduced to avoid incorrect
measurements. Such ratio shall equal the ratio of RPV over RSV.

IRV at present can be only 0.150 V depending on the Rogowski sensor input on
Analog Input board. In case of a mismatch between RSV and IRV, REF 542plus
automatically compensates the protection function thresholds.

Multifunction Protection and Switchgear Control Unit REF 542plus
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Default direction for the polarity of the Rogowski current sensors is “Line”. If “Bus”
is selected, the polarity of analog signal will be inverted to preserve directions in
directional protections. The amplitude and phase corrections can be introduced.

3.14 Voltage transformer

Voltage transformers can be phase, line or residual (open delta) voltage transformers.

Phase-voltage transformer

Analog Input 4 x|
Network:
(% Network 1
Primary Sensor Type = oL
N

# Phasel " Line1-2 | Earth
" Prase? " Line2-3 " Hesidus
" Prase3 " Line3-1

[~ Invert phase

Rated Primary Walue [RPV] : 20.000 0.010 .. 300.000 kW
Rated Seconclary Value [RSV]:  [100.000 100,000 .. 125.000 V

Transformer ratio : RPV /3 : RSW/+3

Board Input Rated Value [IRV] : ]‘00-009 100,000 .. 150,000 ¥V

Ampitude : 1.0000 07000 .. 1.3000

Phase : 0,000 =180.000 .. 180,000 *

e |

Figure 6: Phase-vollage transformer

Phase-voltage transformers normally refer the rated phase-voltage at primary side
with rated phase voltage on the secondary side, for example:

20kV 100V
V33
(Equation 2)

This is shown below RSV in the Transformer ratio box. When entering the VT rated
voltage data, it is not necessary to perform division by:

Multifunction Protection and Switchgear Control Unit REF 542plus 21
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3

(Equation 3)
IRV at present can be 100 V only depending on the input transformer mounted on
Analog Input Board.

In case of a mismatch between RSV and IRV, REF 542plus automatically
compensates protection function thresholds. If Invert phase is selected, the polarity of
analog signal will be inverted. The amplitude and phase corrections can be introduced.

Line voltage transformer

x|

Network:

; % Network 1

Primary Sensor Type : j\'o!age Transformer j
N

 Phasel  Line1-2 | Earth

" Phase?  Line2-3 ' Residus

" Line3-1
™ Invert phase

Ratted Primary Value [RPV] : 20,000 0,010 .. 300.000 kW
Rated Secondary Value [RSV]:  [100.000 100.000 .. 125.000 V

Transformer ratio : RPY : R3W

Board Input Rated Value [IRV] : 1100-000 100,000 .. 150,000 WV

Ampitude : J'i.DC!)O 07000 .. 1.3000

Phase : 0,000 -180.000 .. 150,000 *

e |

Figure 7: Line voltage transformer

Line voltage transformers normally refer rated line voltage at primary side with rated
voltage on secondary side, for example 20 kV:100 V. This is shown below RSV in the
Transformer ratio box.

IRV at present can be 100 V only depending on the input transformer mounted on
Analog Input Board.

22 Multifunction Protection and Switchgear Control Unit REF 542plus
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In case of a mismatch between RSV and IRV, REF 542plus automatically
compensates protection function thresholds. If Invert phase is selected, the polarity of
analog signal will be inverted. The amplitude and phase corrections can be introduced.

Residual voltage transformer (open delta)

x|
Network: 1
&
Primary Sensor Type : * Network 1
N
P nrsclion=
€ Phasel " Line1-2 | Earth
| Phages  Line23 = Residual
| Phase3 " Line3-1
[~ Invert phase
—¥T Type
Rated Primary Value [RPV] : 20,000 0,010 .. 300.000 kW
Ul " RSVH3
X 100,000 .. 125.000 ¥
Rated Secondary Value [RSV]:  [100.000 ~ RS
Transformer ratio : 'RPV /43 : RSV/3 " RSVIGY3)

Board Input Rated Value [IRV] : ]?00-009 100,000 .. 150,000 ¥V

— Calibration Factors -

Ampitude : 1.0000 07000 .. 1.3000
Phase : 0,000 -180.000 ., 150,000 *

(o] oo |

Figure 8: Residual voltage transformer (open delta)

Residual voltage transformers normally refer rated phase-voltage at the primary side
with secondary side rated voltage of each winding in the open delta, for example:

20kV 100

33
(Equation 4)
This is shown below RSV in the Transform ratio box.
When entering VT rated voltage data, it is not necessary for the user to perform any

division. The user must simply select the corresponding secondary winding
denominator as the VT type.

IRV at present can be 100 V only depending on the input transformer mounted on
Analog Input Board.

Multifunction Protection and Switchgear Control Unit REF 542plus 23
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3.2

3.3

24

In case of a mismatch between RSV and IRV, REF 542plus automatically
compensates the protection function thresholds. If Invert phase is selected, the
polarity of analog signal will be inverted. The amplitude and phase corrections can be
introduced.

General constraints

*  Channels 1...6 can be used only for phase currents, phase voltages or line
voltages.

*  Channels 7 and 8 can be used also either for neutral current, residual voltage or
line voltage for synchronism check function.

*  Current and voltage sensors inside the triples 1...3 and 4...6 must have the same
characteristics (RPV, RSV and IRV)

Network characteristics

5,
Inputs  Networks |Ca\c. Valuesl

Rated fizquenc

i 50Hz

" BOHz

Network 1 —————————————— v Network 2
Plated Nominsl Voltags © E 20.00 0.00 . 200,00 kv
Rated Nominal Current |25m |25ng 1. 60004
Ok I Cancel Agply

Figure 9: Networks tab

REF 542plus can handle two different networks or network parts having the same
frequency. By default only one network is used.

If the second network is needed, it must be enabled in the Networks tab of Analog
Inputs dialog.

The rated nominal voltage and current can be configured for each network. These
values are used by HMI LED bars to scale the displayed quantities.

All the protection functions refer to Analog Input RPV as In, Un to
scale Start values.

Multifunction Protection and Switchgear Control Unit REF 542plus
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3.4 Calculated values

The three-phase power or the Aaron power calculation scheme can be applied for the
power calculation. Also active and reactive energies are calculated. Thereby, the
preferred reference system for the calculation can either be load or generator.

REF542plus Analog Inputs g|

Inputs] Metworks  =alc. Walues l

Power calculation fanitoring
Enable demand current calculation v
&
fhiecontes povenRe B I Bl R Ioa Enable demand power calculstion [
" M, 12, U2-3, U3 Demand values period 30 0 .. 30 min
A " M,13 -2, U2-3 GE
LA RRGE i Enable minimax voltage calculation v
{ e 2
12803, Lol e Enable max currert calculation v
Mone O Enable max power calculation v
Remate reset mode After reading b
Reference system THD calculation

55

S EEI f l 1
* Lo
Enable THD on Set 2

" Generatar

SN S el

oK | Cancel Beply

Figure 10: Calculated values

For monitoring purposes, the following values are calculated:

¢ Demand and maximal demand current

. The demand current is calculated as the mean value within a certain demand
value period up to 30 min. The maximal demand current is the maximal of
the demand currents from the last reset command.

. The equation used to calculate the demand current is (IIR filter):

_ Ivalue(t) + (4095 X Imean(r—l))

1

mean(t) ~ 409 6
(Equation 5)
. The calculation period is 2.5 ms and the refresh time is 1 min.
*  Demand and maximal demand active and reactive power
. The demand power is calculated as the mean value within a certain demand

values period up to 30 min. The maximal demand power is the maximal of
the demand powers from the last reset command.
. The equation used to calculate the demand power is (IIR filter):

Multifunction Protection and Switchgear Control Unit REF 542plus 25
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_ Pvalue(t) + (4095 X Pmean(t—l))

P =
mean(t) 4 09 6
(Equation 6)
. The calculation period is 2.5 ms and the refresh time is 1 min.
*  Minimum/maximum voltage calculation
. Minimum/maximum voltages are the minimum/maximum of the measured
line voltages (RMS on fundamental component) from the last reset
command.
*  Maximum current calculation
. Maximum current is the maximum of the measured phase currents (RMS
on fundamental component) belonging to a network from the last reset
command.
¢  Maximum active and reactive power calculation
. Maximum active and reactive power is the maximum measured active and
reactive power (negative, positive and absolute values) from the last reset

command.

The following calculated values are shown on the HMI and available for transmission
to remote control center:

*  Demand and maximal demand current
*  Demand and maximal demand active and reactive power

The reset of the maximal demand values can be done by the related command from the
HMI or from the remote control center. The following calculated values are not shown
on the HMI and they are available only for transmission to the remote control center:

*  Minimum/maximum voltage
*  Maximum current
*  Maximum active and reactive power

The reset of the remote calculated values is selectable:

*  After reading
The measurements are reset automatically by REF 542plus after the values are
read out. This mode is used when the measurement values are read only by the
remote control center and not polled for periodic reading by the communication
module.

* By command
The measurements are reset by the related reset command. This mode is used
when the measurement values are polled for periodic reading by the
communication module. This mode is mandatory when selecting the IEC61850
protocol.

The following calculated values are saved at power-down:

26 Multifunction Protection and Switchgear Control Unit REF 542plus
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e Maximal demand current
*  Maximal demand active and reactive power
¢ Minimum/maximum voltage
e Maximum current
e Maximum active and reactive power
The THD (Total Harmonic Distortion) is calculated, only on voltages, as percentage
of the RMS voltage of the harmonics excluding the fundamental component:
V 2 _ V 2
THD(%) = 1OOXM
RMS
(Equation 7)
Multifunction Protection and Switchgear Control Unit REF 542plus 27
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Section 4

4.1

Control and monitoring

Measurement supervision NPS and PPS

REF 542plus provides two types of measurement supervision functions. Each of them
can be independently activated:

*  Positive Phase Sequence (PPS)
*  Negative Phase Sequence (NPS)

MEAZUREMENT
SUFERUIEION

Figure 11: Measurement supervision

4.1.1 Input/output description
Table 1: Input
Name Type Description
BS Digital signal (active high) Blocking signal
When the BS signal becomes active, the measurement supervision function is reset no
matter its state. This means that all the output pins go low generating the required
events, if any, and all the internal registers and timers are cleared. The protection
function will then remain in idle state until the BS signal goes low.
Table 2: Output
Name Type Description
WARNING Digital signal (active high) Warning signal
FAILING Digital signal (active high) Failing signal
WARNING is the start signal. WARNING signal will be activated when the start
conditions are true. The negative phase sequence value exceeds the setting threshold
value for NPS , and the positive phase sequence value falls below the setting threshold
value for PPS.
Multifunction Protection and Switchgear Control Unit REF 542plus 29
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FATILING signal will be activated when the start conditions are true and the operating
time has elapsed.

4.1.2 Configuration

Measurement Circuit Superyision ll
General | Sensorsl F'arametersl Eventsl Piris I
Field bus address 170
— Dezcription
Measurement Circuit Supervision =
Output Chanmnel: o
Bupervision type Negative Phase Sequence
Bensor type Current
Sensor set AL 1-3 NPE
Set 1 a
Start wvalue 0.10 * In
Time delay 1000 ms
''''''''''''''''''''''''''''''''''''' =
0k I Cancel | Apply |

Figure 12: General

Measurement Circuit Supervision x|

General Sensars | F'arametersl Eventsl Firs I

Supervigion bppe Megative Phaze Seguence
Sensor get
Sensar type Current
ITI Cancel Aoply
Figure 13: Sensors
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The measurement supervision functions operate on all sensors in a triple. The analog
channels 1-3 or 4-6 can be used to supervise the phase currents, phase voltages or line
voltages.
Measurement Circuit Supervision x|
Generall Senzors  Parameters |E\rer1t3| Fins |
Parameter Set et 1 Set 2
Start value Iﬂm ID.1III 0058 .0.80 *In
Time celay [1 000 [t"000 0030 . 30,000 =
Ok I Cancel Aeply
Figure 14: Parameters
Start value Positive/Negative phase sequence threshold for Start condition detection.
Time delay Time delay for Trip condition detection.
Multifunction Protection and Switchgear Control Unit REF 542plus 31

Protection Manual



Section 4 1MRS755860 G
Control and monitoring

Measurement Circuit Supervision x|

Generall Sensorsl Parameters Events |F'ins I

[ 170 E0'W arming started
[~ 170 E1 ‘Wharming back

[- 170E2 Clear &1 |

|

[~ 170EZ
[~ 170 E4 Set Default |
[~ 170ER

[ 170 EE Failing started
[ 170 E7 Failing back.

||: Eg Eg " —EventMasks——
[~ 170E10 £15 ED

[~ 170EN -

I~ 170E12 [0000 e
[T 170E13

™ 170E14 E31..E16

[T 170E15 IDDDD Hex
[T 170E16 hd

QK | Cancel | Apply |

Figure 15: Events

Measurement Circuit Superyision ll

Generall Sensorsl F'arametersl Events Pins |

& 1 IN BS Block signal
s | (2 OUT  WARNING  Warning
FaLe- |2 QUT  FAILING Failing

MEASUREMENT
SUFPERUIZION

lTl Cancel Apply

Figure 16: Pins

413 Measurement mode

Measurement supervision functions evaluate the measured amount of positive and
negative phase sequence values at the fundamental frequency.
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414 Operation criteria

If the negative phase sequence value exceeds the setting threshold value (Start value)
in the NPS based functions, or if the positive phase sequence value falls below the
setting threshold (Start value) the function enters the START status and raises the
warning. After the preset operating time (7ime delay) has elapsed, the failing signal is
generated.

The measurement function will come back in passive status and the WARNING signal
will be cleared, if the negative phase sequence value falls below 0.95 the setting
threshold value for NPS, or if the positive phase sequence value exceed 1.05 the
setting threshold value for PPS.

The measurement function will exit the failing status and the FATLING signal will be
cleared when the negative phase sequence value falls below 0.4 the setting threshold
value for NPS, or if the positive phase sequence value exceed 1.05 the setting

threshold value for PPS.
415 Setting groups
Two parameter sets can be configured for each of the measurement supervision
functions.
4.1.6 Parameters and events
Table 3: Setfing values
Parameter Values Unit Default Explanation
Start value 0.10...0.90 Inor Un 0.85 PPS threshold to undergo.
(PPS)
Time delay 30...30000 ms 1000 Time delay from start condition
(warning signal) to failing signal.
Start value 0.05...0.50 InorUn 0.10 NPS threshold to be exceeded.
(NPS)
Time delay 30...30000 ms 1000 Time delay from start condition to
failing signal.
Table 4: Events
Code Event reason
EO Warning signal is active
E1 Warning signal cancelled
E6 Failing signal is active
E7 Failing signal is back to inactive state
E18 Function block signal is active
E19 Function block signal is back to inactive state
Multifunction Protection and Switchgear Control Unit REF 542plus 33
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34

By default all events are disabled.

Power factor controller

The power factor controller is designed to control reactive power compensation in
power systems. The magnitude of the reactive power in the network is derived from
the measured power factor. Consequently, the power factor controller permanently
monitors the power factor, which is defined as the ratio of the effective power to the
active power. The PFC then controls the switching ON/OFF the available capacitors
banks to reach the set power factor target.

EL FPOWER

1
= = COMTROLLER

= BIECOHHECT a
—|RESET COSY
(LG OPERAT
= "ERTEHMF. ZEMERAL
=% MIMS W MAR

W MAY

MODE: MAN.
SETHIGHT

ERME 0
MAMUAL | ERHE A | SWITCH
COMTEOL | ERHE 2| OMJOFF
ERNE 3

ERHE 0
CHECKED | ERME 1
ERCE ERHE 2
ERHEK 3

Figure 17: Power factor controller

Input/output description

Table 5: Input

Name Type Description
BL Digital signal (active high) Blocking signal
DISCONNECT Digital signal (active high) Disconnect all capacitor banks
RESET Digital signal (active high) Reset the function
OVERTEMP. Digital signal (active high) Overtemperature
VMIN / VMAX Digital signal (active high) Voltage out of range
VA MAX Digital signal (active high) Overload due to overvoltage
MODE: MAN. Digital signal (active high) Mode manual
SET NIGHT Digital signal (active high) Set night parameter

MANUAL CONTROL BANK 0

Digital signal (active high)

Switch bank 0 manually

MANUAL CONTROL BANK 1

Digital signal (active high)

Switch bank 1 manually

MANUAL CONTROL BANK 2

Digital signal (active high)

Switch bank 2 manually

MANUAL CONTROL BANK 3

Digital signal (active high)

Switch bank 3 manually

CHECKED BACK BANK 0

Digital signal (active high)

Status on indication bank 0

CHECKED BACK BANK 1

Digital signal (active high)

Status on indication bank 1

CHECKED BACK BANK 2

Digital signal (active high)

Status on indication bank 2

CHECKED BACK BANK 3

Digital signal (active high)

Status on indication bank 3
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When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all the internal registers and timers are cleared. The protection function will then
remain in idle state until BS signal goes low.
Table 6: Output
Name Type Description
Q ALARM Digital signal (active high) Alarm indication Q
COS © ALARM Digital signal (active high) Alarm indication cos ®
OPERAT. ALARM Digital signal (active high) Operation Alarm (reset only by
power off)
GENERAL ALARM Digital signal (active high) General alarm
SWITCH ON/OFF BANK 0 Digital signal (active high) Bank 0 on (high), off (low)
SWITCH ON/OFF BANK 1 Digital signal (active high) Bank 1 on (high), off (low)
SWITCH ON/OFF BANK 2 Digital signal (active high) Bank 2 on (high), off (low)
SWITCH ON/OFF BANK 3 Digital signal (active high) Bank 3 on (high), off (low)
4.2.2 Configuration
x

General |EapacitorBanks| CnntrnIDataI Time I Eventsl Finz I

Field bug address

r— Switching Sequence

& Linear
" Cincular

— Switching Hysteresiz

Mewutral zone

Fickup walue

115 105.. 200 % of Qeo

ID 0. 100 % of Gco

QK. I Cancel

Appli

Figure 18:
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x
General Capacitar Banks | CnntrnIDataI Time I Eventsl Fing I
Reactive pawer of smallest bank Qo 100 1.000 . 20000, 000 kW ar
Configuration of banks |1:1 ER| vI
Murmber of banks 1 + 1.4

b axiniunn switching cycles |25DD 1..10000

ITI Cancel Apply

Figure 19: Capacitor banks
5I
Generall Capacitor Banks  Control Data |Time I Evenlsl Pinz I
Farameter Set Set1 Set 2
Day  Might Day  Might [}3
Setpaint cos phi |0,9|:1 ||:|,9|:| |0,9|:| ||:|_90 0.70..1.00

* jnd. % jnd.  jnd. % jnd
C cap. O cap. O cap. O cap

Limiting walus cosphi - [0.00 [0.00 jooo - food | 000100
(Alam] Gind ind & ind & ind
C cap. O cap. O cap. O cap

Method of operation direct ﬂ Idirect j

0k I Cancel | Apply

Figure 20: Control data
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x
Generall EapacitorBanksI Control Data  Time |Events| Finz I

Farameter Set Set Set 2

Discharge blocking time |SDE| |E|I:||:| 1. 7200 ¢

Ciead tirme I']D I']U 1.120s

Paower on delay |SDD |E|I:||:| 1. 7200 ¢

Diuration of integration |900 |9|:||:| 1. 7200z

QK I Cancel Apply

Figure 21: Time
x

Generall EapacitorBanksI CnnlrnIDataI Time  Ewvents |F'ins

[¥ 97 EDBank 0 ON =)
[¥ 97 E1Bank 10N

[¥ 97 E2Bank 2 0N

[¥ 97 E3Bank 30N

[¥ 97 E4 Bank 0 OFF

[¥ 97 E5Bank 1 OFF

[¥ 97 EE Bank 2 OFF

[¥ 97 E7 Bank 3 OFF

[ 97 EB Owertemperature started e

Set All I
Clear &l |
Set Default |

— Event Mazks——

[ 97 E9 Owertemperature back
F g; E]?ﬁa mnas ;tartfd E15 ED

amax bac I—
[T 97 E12 Vmin/Ymax started OOFF Hex
[T 97 E13 Vmin/v¥max back £ ElE
[ 97 E14 Command DISCOMNECT started -
[T 97 E15 Command DISCONMECT back. IUF':“: Hex
[ 97 E16 Coos ohi warning started j

ak. | Cahicel | Apply |

Figure 22: Events

By default all events are disabled.
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4.2.3

424

38

x
Generall CapacitorBanksI CnntrnIDataI Time I Eventz Ping |
23 TR 1 IN BL Block ~ |
LL Cirrsowen 1 IN DISCONMECT All ba
| BIZCONHELT -1 |1 IN RESET Resel
T e ESE| 1IN MODE: MAN. Manu
Jotimrms | |1 IN SET NIGHT Switcl
s 1 IN  OVERTEMP. Bad tl
Jeerraenr 1IN VMIN/MAX Bad v
rmruaL E:m swimen |- 1 IN Va MAX Overy
e s T C (1IN CONTROL BANK. 0 Switcl
Jovecken |eatin 1 IN CONTROL BANK 1 Switcl—
L 1 IN CONTROL BANK. 2 Switcl
1 IN CONTROL BANK. 3 Switcl
1 IN CHECKED BACK BANK 0 Bank
1 IN CHECKED BACK BANK 1 Bank
1 IN CHECKED BACK BANK 2 Bank
1 | IN CHECKED BACKI BANK 3 Bal?
1 »
QK. I Cancel | Apply |

Figure 23:

Pins

Measurement mode

When a reactive power consumer is switched into the network, the current variable
increases. Simultaneously, the phase displacement increases in relation to the related
voltage quantity. As a result, the reactive power increases and the power factor is
reduced correspondingly. Because of the increase in the current measured quantity
and the angle of the phase displacement, an increased voltage drop in the power
system must be taken into account. For more detailed information please refer to the
corresponding application notes.

Parameters and events

Table 7: Seffing values

Parameter Values Unit Default Explanation
Neutral zone 105...200 % Qco 115
Pickup zone 0...100 % Qco 0
Reactive power of 1...20000 kVA 100
smallest Qco
Number of banks 1..4 1
Maximum switching 1...10000 2500
cycles
Set point cos phi 0.7..1.0 Ind/cap 0.9ind
Limiting value cos phi | 0...1 Ind/cap 0

Table continues on next page
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Parameter Values Unit Default Explanation
Discharge blocking 1...7200 s 900
time
Dead Time 1...120 s 10
Power on delay 1...7200 S 900
Duration of integration | 1...7200 s 900

Table 8: Events

Code Event reason
EO Bank 0 on
E1 Bank 1 on
E2 Bank 2 on
E3 Bank 3 on
E4 Bank 0 off
E5 Bank 1 off
E6 Bank 2 off
E7 Bank 3 off
E8 Overtemperature started
E9 Overtemperature back
E10 Va max started
E11 Va max back
E12 Vmin/Vmax started
E13 Vmin/Vmax back
E14 Command DISCONNECT started
E15 Command DISCONNECT back
E16 Cos phi warning started
E17 Cos phi warning back
E18 Alarm Q started
E19 Alarm Q back
E20 Warning switching cycle
E21 Alarm reset
E22 Block signal started
E23 Block signal back
E24 Manual operating mode
E25 Automatic operating mode
E26 Night mode
E27 Day mode
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4.3 Circuit breaker monitoring

Circuit breaker monitoring can be used to supervise the contact wear condition by
calculating the switched current and to help to analyze faults by storing all configured
measurements in case of a CB trip.

4.3.1 Configuration

X]

CB Monitoring

Currents ] Settings l Everits l
Metwork

{* Metwark 1 o

Connection

* Phase o

Meazures
v Phaze 1 Sensar 1
¥ Phase 2 Sensar 2

W Phaze 3 Sensor 3

QK | Cancel

Figure 24: Currents

Current sensors used for CB Switched Currents calculation.
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CB Monitoring

Currentz  Settings IEventS l

3

Circuit Breaker

A, (muktiplier)
B (Imax exponert)

C (constant offset)
K (Max. contact wear)

Enable Trip Cortext recording

CEB Open channel o.&
CE Switched Currents
Enghle Switched Currents recarding v
Switched currents break time 30 0 .. 500 ms
e
CE Cortact Wiear m =K
1010

1.0 10,18
3.0 28.33

10.10
10000 0. 6s000

v

(014 | Cancel

Figure 25: Seltings

Circuit Breaker

CB Open channel

Number of the output channel used to open the circuit breaker. In case a

Switching Object 2-2 configured as CB or the PTRC General are installed,
the REF 542plus Configuration Tool will take automatically the configured
CB open channel and disable the edited channel of this setting.

CB Switched Currents

Enable Switched If enabled, the values of the last six CB Switched Currents are stored in the
Currents recording non-volatile memory with the date and time of switching.

Swifched currents break If enabled, the values of the last six CB Switched Currents are stored in the
fime non-volatile memory with the date and time of switching.

CB Contact Wear

Parameters (A, B, C, K}  These parameters are used for the internal Contact Wear calculation done
with the equation presented in the dialog box.

CB Trip Context

Enable Trip Context If enabled, the values of the last six CB Trip Contexts are stored in the non-
recording volatile memory with the date and time of tripping.
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CB Monitoring g|
Currents ] Settings  Events I
- ~ Set Al
|- 90 E1 CE Switched Currerts record 1 awailable
[ 90 E2 CB Switched Currents record 2 awailable Clear Al
|_ 90 E3 CEB Switched Currents record 3 awailable
|_ 0 E4 CE Switched Currents record 4 awailable
|_ 0 E5 CEB Switched Currents record & awailable
[T 90 EE CE Switched Currents record & awailable Save Default
r
WEl asks
|I: Ewert Mask
|_ 90 E10 CE Switched Currents recorded data reset E15 _ED
[T 90 E11 CEB Switched Currents recorded data store fai -
oooo
|_ 0 E12 CE Switched Currents recorded data store okay =
r
r E31 .. E16
- oooo Hese
r ~
(014 Cancel
Figure 26: Events
4.3.2 Measurement mode

The switched current is calculated as the maximum RMS value at the fundamental
frequency until the moment of contact separation.

The trip context is represented by all the configured measurements at the instant of CB
Trip. Maximum six switched current/trip context values are stored in order to cover
system operation using autoreclose with up to five multi-shots.

4.3.3 Operation criteria

The switched currents are recorded each time the circuit breaker is opened. The trip
context is recorded each time the circuit breaker is opened due to a protection trip.
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43.4 Parameters and events
Table 9: Seffing values
Parameter Values Unit Default Explanation
Enable Switched Enabled/ Disabled Enable/Disable CB
Currents recording Disabled Switched Currents
recording
Switched currents 0...500 ms 30 CB contact separation
break time time
A (multiplier) 1.0...1.6 1.0 Parameter for contact
wear calculation
B (max exponent) 2.8...3.3 3.000 Parameter for contact
wear calculation
C (constant offset) 1.0...1.0 1.000 Parameter for contact
wear calculation
K (Max. contact wear) | 0...65000 10000 Parameter for contact
wear calculation
Enable Trip Context Enabled/ Enabled Enable/Disable CB
recording Disabled Trip Context
recording
Table 10: Events
Code Event reason
E1 CB switched currents record 1 available
E2 CB switched currents record 2 available
E3 CB switched currents record 3 available
E4 CB switched currents record 4 available
E5 CB switched currents record 5 available
E6 CB switched currents record 6 available
E10 CB switched currents recorded data reset
E11 CB switched currents recorded data store fail
E12 CB switched currents recorded data store okay
E17 Trip context record 1 available
E18 Trip context record 2 available
E19 Trip context record 3 available
E20 Trip context record 4 available
E21 Trip context record 5 available
E22 Trip context record 6 available
E26 Trip context recorded data reset
E27 Trip context recorded data store fail
E28 Trip context recorded data store okay

By default all events are disabled.
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Data reading
The function for reading of the circuit breaker monitoring data can be used for:

*  Uploading data from the connected REF 542plus
*  Reset data in the connected REF 542plus

*  Save uploaded data to a recorded file (text format)
*  Uploading data from the recorded file

5;

settings | CB Switched Currerts | CB Trip Cortest |

— Location of the CB Monitoring recording files

IC WProjectsiTempiChMonitoring Deta

|7 Add Project name to the location

r~ File name settings: "<Prefix>_<FeederName=_<COM Address> bd"

CE Switched Currents prefix Isc
ZB Trip Context prefix ITC

QK I Canhcel Aty

Figure 27: Settings

Click the Settings tab to select the location of the CB Monitoring recording files and
file prefixes. The recording file name is automatically composed by the REF 542plus
Configuration Tool with the following items:

*  User editable prefix
e Feeder name
e Device communication address

An example of a CB Switched Currents recording file name:
SC_Feeder 98.txt

Where:
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SC The prefix of the recorded file

Feeder The feeder name from the device configuration. In case the feeder name is empty, the
default (Feeder) is used.

98 The device communication address (SPA, IEC103, LON, and so on) read from the
device configuration. In case the address is an IP address (ETHERNET board), the
standard dot separator is replaced by dash to avoid confusion on file extension (for
example 198-162-2-112).

The file name is unique in a project, because two devices cannot have
the same feeder name and communication address.
Click the CB Switched Currents or the CB Trip Context tab to upload the information
relating to the circuit breaker switched currents or circuit breaker trip context from file
or from REF 542plus.
CB Monitoring B x|
Settings  CE Swhched Currents | CE Trip Cortext |
i Device information
Module type : Fupla date and time |
Wersion : Project name : |
Canf. file name : Feeder name : [
i~ File information
Location |C:\Projects\Temp\CbMonitoringData\
Mame :
— Menu
’ #1 Upload From File Sl SEvE T FilE t.g Upload From Device x Reset Device Dets
'TI Cancel | Apply |
Figure 28: CB Switched Currents
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Protection Manual



Section 4

Control and monitoring

1MRS755860 G

CB Monitoring B

Setings I CB Swiched Currents  CB Trip Cortexdt |

i~ Device infarmation

Module type @ | Fupls dste and time |

Wersion : [ = Project name : [

Conf. file name : [ = Feeder name : [

i File infarmation

Location : IC:\Projects\Temp\CbMonitoringData\

hame : I

i~ Menu

{EJ Upload Fram File Sl SEvE T File | ksl Upload From Device

< Reset Deyvice Deta

'TI Cancel | Apply |

Figure 29:

CB Trip Context

Import from File i

Laak jn: | |59 ChMaoritoringData

21

x| = @ cf B

") Test CB Mor. project

File name: I

Files of ype: IEB Switched Currents Files [SC_7 but)

Open I

- Cancel
El S T

Figure 30:

46

Upload from file
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CB Monitoring x|
Seftings  CE Swiched Currents | CE Trip Cortext |
i Device information
Module type | ABB REFS42PLUS Fupla date and time | 091508 1535.21
ersion : [ E4F 05-09 Project name : [ Test CB Mon. project
Conf. file name [ TestChTot W5 ref Feeder name : | Test CB Mon. fesder
i File information
Location IC:\Projects\Temp\CbMonitoringData\Test CB Moh. projectt
Narne : ISCiTEst CE Mon. feeder_138-162-2-112 1t
—CB Switched Currents uploaded from file
Record id TimesStarg (Qualty) | nu| n] nis| sdded sw. current |
1 2008-09-15 12:31:15 736 (Bad) 1433 A 1433 A 1423 4 1 kA
b 2008-08-16 12:36:06 146 (Bad) 868 A 8E0 A 856 A 2kA
3 2005-09-15 12:40:25 364 (Bad) 1284 A 12804 1271 A 3 kA

Ll BEvE T File 4kl Upload From Device < Reset Deyice Deta

'TI Cancel | Apply |

Figure 31: Upload from REF 542plus

*  Device information
Device information displays data regarding REF 542plus and its configuration.
*  File information
When uploading from REF 542plus, File information displays the location and
the file name where the data is saved when clicking Save To File. When
uploading from file, it displays the location and the file name of the uploaded file.
The data table displays the CB Monitoring data type (CB Switched Currents or
CB Trip Context) and the upload source (device/file). The information is
presented in a table where each row contains the data relevant to one record.

The time stamp contains also its quality. It is set to "Good” in case
the record has been time-stamped when the device time was
synchronized; otherwise it is set to “Bad”.

* Save To File
You can use Save To File after a successful upload from REF 542plus. In case the
file does not exist, the file is created. Otherwise the file is saved into a backup file
(*.bak) and the new uploaded records are appended to the file. In order to save the
file, the uploaded and the saved file has to be compatible. The files are compatible
when they have the same device information and the same record format (number
of data and measurements name). In case the files are not compatible the existing
file is replaced by the uploaded one. In case a new configuration has been
downloaded to REF 542plus, the user can choose to append the new records to the
saved file or to save only the new ones.

*  Reset Device Data

Multifunction Protection and Switchgear Control Unit REF 542plus 47
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You can use Reset Device Data after a successful upload from REF 542plus.
After arequested confirmation, the CB Monitoring data stored in REF 542plus is
reset.
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5.1

5.1.1

51.1.1

Protection functions

Current protection functions

Inrush blocking

REF 542plus has one inrush blocking protection function. This function is appropriate
for application in motor protection scheme in order to block the corresponding
overcurrent protection.

The following current protection functions are blocked by the inrush blocking
protection function without the need of additional wiring in the FUPLA, that is, the
block to the protection functions is implicit.

¢ Overcurrent instantaneous

*  Overcurrent high

e Overcurrent low

*  Directional overcurrent high
e Directional overcurrent low
« IDMT

e Earthfault IDMT

B s
513

ELI-
zuruad HF [

Figure 32: Inrush blocking

Input/output description

Table 11: Input

Name Type Description
BS Digital signal (active high) Blocking signal

When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all the internal registers and timers are cleared. The protection function will then
remain in idle state until the BS signal goes low.
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Table 12: Output

Name Type Description
SL1 Digital signal (active high) Start signal of IL1
SL2 Digital signal (active high) Start signal of IL2
SL3 Digital signal (active high) Start signal of IL3
TRIP Digital signal (active high) Trip signal

S L1,S L2andS L3 are the phase selective start signals. The phase starting signal
will be activated when the respective phase current start conditions are true and the
overcurrent protection will be implicitly blocked until the operating time (7ime) has
elapsed.

The TRIP signal will be activated when the start conditions are true (inrush
detection), the maximum measured current exceeds the threshold (limit Ne[>>) and
the relevant overcurrent protection operating time has elapsed.

5.1.1.2 Configuration
eush x|
General | Fast 10 | Sensors | Parameters | Events | Pins |
Field bus address E
[~ Description
Inrush -]
Fast output channel
Trip 0
GenStart 0
Fast input channel
Blockinp1 0 i
Blocking2 i [
Used Sensors
Netwark 1
Phase 1 (Sensor 1) ;I |
OK | Cancel | |
Figure 33: General
50 Multifunction Protection and Switchgear Control Unit REF 542plus
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General Fast IO | Sensors | Parameters | Events | pins |

~ Fast output channel

Tro b 0.8
GenStart b~ o.s

~ Fast input channel

Blockinpl IU 0..14
Blockinp2 IU 0.14

OK I Cancel

Apply

Figure 34: Fast /O

Output Channel different from 0 means a direct execution of the trip or the general
start command, that is, skipping the FUPLA cyclic evaluation.

Input Channel different from 0 means a direct execution of the block command,

skipping the FUPLA cyclic evaluation.
eush

General | Fast 10 Sensors | parameters | Events | pins |

~ Network

* Network 1] © Network 2

-~ Connection
% Phase | Lire

¥ Phase1 Sensor 1
V¥ Phase 2 Sensor 2

¥ Phase3 Sensor 3

x|

Apply

Figure 35: Sensors
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The protection function operates on any combination of current phases in a triple, for
example, it can operate as single phase, double phase or three-phase protection on
phase currents belonging to the same system.

eush x|

General | Fast O | Sensors  Parameters | events | ins |

Parameter Set Set1

N; Lol 20..80

M: o 30.40

Time 250 200 .. 100000 ms

Figure 36: Parameters

N Threshold I1>> multiplier for fault detection and inrush protection trip
M Threshold 1> multiplier for inrush detection

Time Overcurrent protection blocking Time at inrush detection

52 Multifunction Protection and Switchgear Control Unit REF 542plus
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5113

General | Fast 10 | Sensors | Parameters Events | pins |

[" 50 E0 Start L1 started B
[~ 50 E1 Start L1 back

[~ 50 E2 Start L2 started

[~ 50 E3 Start L2 back

[~ 50 E4 Start L3 started

[~ 50 E5 Start L3 back

[ 50 E6 Trip started

[ 50 E7 Trip back

[ 50 E8 General start started ==
[~ 50 E9 General start back

IF soEt0

I soEn

I soE12

IF soE13
= soE14 ESLLEIC

IE s0E15 foooo Hex

B anEs hd

Figure 37: Events

General | Fast 0 | Sensors | Parameters | Everts Pins |

IN BS Block signal
OUT StartL1 StartL1
OUT Startl2 Startl2?
OUT StartlL3 Startl3
OUT Trip Trip

P P P P e

ok | cancel Apply

Figure 38: Pins

Measurement mode

Inrush blocking function evaluates the current at the fundamental frequency.
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Operation criteria

An inrush is detected if the maximum measured current exceeds the threshold MeI>
within 60 ms after it exceeded 10% of current threshold I>.

Here I> is the threshold (Start value I>) of the overcurrent low protection function. If
this protection function is not installed, the threshold of IDMT protection function
(Base current Ileb, if installed) is used or a standard value of 0.05+I (if IDMT also is

not installed).

Ifan inrush is detected, the above-listed protection functions are blocked until the end
of inrush has been detected or the maximum preset inrush duration, that is, Time has
elapsed.

The end of inrush condition is detected when the maximum measured current falls
below M<0.65°I>. A counter is then started and 100 ms later the end of inrush is
assumed. The current protection functions are then released from the block.

At feeder start-up, with current zero, the implicit block of the
overcurrent protection function is already active. Only as the current
increases, the inrush condition is evaluated and the block can be
released if an inrush is not present.

The inrush blocking itself becomes a protection function, if the maximum measured
current exceeds the limit Ne[>> after the inrush detection. The operating time is that
of the overcurrent instantaneous (if installed) or 80 ms.

Here I>> is the threshold (Start value I>>) of the overcurrent high protection
function. If this protection function is not installed, the threshold of overcurrent
instantaneous protection function (if installed) is used or a standard value of 0.10°Iy

(if overcurrent instantaneous also is not installed).

The following three diagrams are not scaled, but they are provided solely for a better
understanding of the explanations of how the inrush blocking works.

Tesb is the operation counter that is compared to the set overcurrent protection
blocking time, that is, Time.

In Figure 39 inrush is detected within the 60 ms window. Then the end of inrush
condition is detected and the block released before protection-blocking time expires.
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I[A] F 3
Overcurrent
high-set tripping
NI=> e o
detected :
)
i
i
MI= - : ffffffffffffffffffff o
I f----  RREEEEEEEEEER E 3o
B IS . " | . Overcurrent
0.65 MI= i ' low-set tripping
A o N .
| i .
| i |
0.1 =f--—------ Tmmmmm e e o A== Pommmmmmmmmmm oo
i ; i L
60 ms 100 ms
tESE
Figure 39: Current-time characteristic of the detected inrush process

In Figure 40 inrush is detected within the 60 ms window. Then the end of inrush
condition is detected and the block released before protection-blocking time expires.
The current value is over the I> threshold and that protection function will start timing
and trip in due time.

1[A] A
Overcurrent
high-set tripping
NI 1 msh
detected :
MI= - :““““““‘""“ ““““E‘ ““““
| DL R R CL bmmmem
B I A . bt ... Qvercurrent
0.65 M I~ i ' low-set tripping
| ! [
N A R -
N e fommmommommomoooooooooooo e oo
| ; ; >t
60 ms 100 ms
tegn
Figure 40: Current-time characteristic of the detected overload
Multifunction Protection and Switchgear Control Unit REF 542plus 55

Protection Manual



Section 5 IMRS755860 G
Protection functions

In Figure 41 inrush is detected within the 60 ms window, no end of inrush condition
is detected and the protection-blocking time expires. The current value is over the [>>
threshold and that protection function will start timing and trip in due time.

1[A]l4

Overcurrent
high-set tripping
N ==+

detected

-'_'_-————___
MI» A
[ r e
S A S 4. Overcurrent
0.65 M I low-set tripping
NSt j
U e e S S N
! »t
Blocking time expires
Figure 41: Current-time characteristic when no inrush condition is detected
5115 Setting groups

Two parameter sets can be configured for the inrush blocking protection function.

5.1.1.6 Parameters and events
Table 13: Setfing values
Parameter Values Unit Default Explanation
N 2.0..8.0 2.0 Threshold 1>> multiplier for fault
detection and trip
M 3.0..4.0 3.0 Threshold 1> multiplier for inrush
detection
Time 200...100000 | ms 250 overcurrent protection blocking
Time after inrush detection
Table 14: Events
Code Event reason
EO Start L1 started
E1 Start L1 back
E2 Start L2 started
Table continues on next page
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Code

Event reason

E3

Start L2 back

E4

Start L3 started

ES

Start L3 back

E6

Trip started

E7

Trip back

E18

Protection block started

E19

Protection block back

By default all events are disabled.

51.2 Inrush harmonic

REF 542plus has an inrush harmonic function which can be used to temporarily block
protection functions.

The following current protection functions are blocked by the inrush harmonic
protection function without the need of additional wiring in the FUPLA, that is, the

block to the protection functions is implicit.

d Overcurrent instantaneous

*  Overcurrent high

e Overcurrent low

»  Directional overcurrent high
e Directional overcurrent low

« IDMT

e Earthfault IDMT

Other protection functions, such as distance protection, can be blocked by wiring them

to FUPLA.

ES

INELSH
HARHOHIC

START |~

Figure 42:

Inrush harmonic

5.1.2.1 Input/output description

Table 15:

Input

Name

Type

Description

BS

Digital signal (active high)

Blocking signal

Multifunction Protection and Switchgear Control Unit REF 542plus
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When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all internal registers and timers are cleared. The protection function will then remain
in idle state until the BS signal goes low.

Table 16: Output
Name Type Description
START Digital signal (active high) Start signal

START signal can be wired in FUPLA to signal inrush condition status or to the
protection functions BS input pins (different from those listed above and implicitly
blocked) to temporarily block during an inrush transient. This means that the block to
the protection functions is explicit.

5.1.2.2 Configuration
x|

General | Sensorsl F'arametersl Eventsl Finz I

Field bus address 180
Output Channel: ID— 0.16
— Dezcription
Inrush Harmonic Protection -

Tsed Sensors

Network 1
Phasze 1 (2ensor 1)
Phasze Z (Sensor 2]
Thase 3 (Senszor 3)

Set 1
Min current threshold 0.50 * In
Fault current threshold 2.00 * In LI
0k I Cancel | Apply |
Figure 43: General

Output Channel different from 0 means direct execution of the trip command, that is,
skipping FUPLA cyclic evaluation.
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Inrush Harmonic Protection

General  Sensors | F'alametersl Eventsl Fing I

— Metwork,

& Network 1

" Metwark 2

— Connection

(% Phase

) Line

— Measures
¥ Fhase
¥ Fhase 2

¥ Fhased

Sensor 1
Sensor 2

Senzor 3

QK. I Cancel

Appli

Figure 44:

Sensors

Inrush Harmonic Protection

Generall Sensors  Parameters |Events| iz I

Farameter Set

Min current threshold

Fault current threshold

Harmanic ratio threshold

Set 1 Set 2
fos0 {050 0.05 .. 40.00 *In
{200 {200 0.05.. 4000 *In
f10 f10 5.60%

The protection function operates on any set of phase currents in a triple.

X

ak. I Cahicel

Apply

Figure 45:

Min current threshold

Fault current threshold

Parameters

Current threshold for fault detection

Minimum current threshold for inrush detection

Harmonic ratio threshold 2nd/fundamental current ratio threshold for inrush detection
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x
Generall Sensorsl Parameters Events |F'ins I
[ 180 ED Start started - Set Al I
[~ 180E1 Start back
[~ 180E2 Clear Al |
[~ 180E3
[~ 180E4 Set Default
[~ 180ER —l
[~ 180EE
[~ 180E7
I~ 180E8 " —EventMasks——
[~ 180E4
[~ 180E10 E15 EN
[T 180E11 -
I~ 18012 [0000 Hew
I TEIETS E31 . E1E
[~ 180E14
[~ 180 E15 IUUUU Hex
[T 180 E16 LI
QK | Cancel | e ] |
Figure 46: Events
Inrush Harmonic Protection ll

Generall Sensorsl F'arametersl Events Pins |

1 IN BS Block signal
smen- |12 QUT  Start  Start

IMRLSH
HARHOHIC

ES

lTl Cancel Anply

Figure 47: Pins

5123 Measurement mode

Inrush harmonic protection function evaluates the ratio between current values at 2nd
harmonic and at fundamental frequency.
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51.2.4 Operation criteria

If all of the following conditions are true for at least one phase current, the protection
function is started and the START signal will be activated.

*  The current is not in steady-state condition.

*  The current value at fundamental frequency is above the preset minimum current
threshold, that is, Min current threshold.

*  The current value is below the preset maximum current threshold, that is, Fault
current threshold.

e The harmonic ratio between the current values at 2nd harmonic and at
fundamental frequency exceeds the preset threshold, that is, Harmonic ratio
threshold.

The start criteria are illustrated in Figure 47.

Min current Thr
0.05 .. 40.00 In
»

-

Fundamental » —
Frequency

Start Fault current Thr &
g 0.05..40001n Start

T
—E’—b Steacly State >

detection
0.95 .. 105%

Second
Harmonics

I2ZHIFundamental »

¥

5%..50%

The protection function will remain in START status until at least for one phase the
above conditions, steady state excluded, are true. It will come back in passive status
with a 10 ms delay when either one of the following conditions is met.

*  For all the phases at least one condition falls below 0.95 the setting threshold
value, that is, Min Current threshold or Harmonic ratio threshold respectively.

» At least for one phase the current value exceeds the preset maximum current
threshold, that is, Fault current threshold.

Multifunction Protection and Switchgear Control Unit REF 542plus 61
Protection Manual



Section 5 1MRS755860 G
Protection functions

5.1.2.5 Steady-state detection

Steady-state condition is detected if the current value at fundamental frequency falls
below the preset minimum current threshold, that is, Min current thresholdfor at least
10 ms, or the current value at fundamental frequency is between 95% and 105% of the
previous period for at least one period.

5.1.2.6 Setting groups

Two parameter sets can be configured for the harmonic inrush protection function.

5.1.2.7 Parameters and events
Table 17: Setfing values
Parameter Values Unit Default Explanation
Minimum current | 0.05...40.00 In 0.5 Current threshold for inrush
threshold detection, if exceeded the inrush
conditions are evaluated.
Fault current 0.05...40.00 In 2 Current threshold for fault detection,
threshold if exceeded the inrush start is set to
low.
Harmonic ratio 5...50 % 10 2"9/fundamental current ratio
threshold threshold for in-rush detection.
Table 18: Events
Code Event reason
EO Protection has started
E1 Start is cancelled
E18 Protection block signal is active started
E19 Protection block signal is back to inactive state

By default all events are disabled.

5.1.3 Non-directional overcurrent protection

In the non-directional overcurrent protection can up to eight instances be applied.

27 | Stage 1
ES

START L1

START L2

HOC START L3
ZEH.5TRRT

0 TRIF

Instantanecus

Figure 48: Non-djrectional overcurrent protection
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5.1.3.1 Input/output description
Table 19: Input
Name Type Description
BS Digital signal (active high) Blocking signal
When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all internal registers and timers are cleared. The protection function remains in idle
state until the BS signal goes low.
Table 20- Outputs
Name Type Description
START L1 Digital signal (active high) Start signal of IL1
START L2 Digital signal (active high) Start signal of IL2
START L3 Digital signal (active high) Start signal of IL3
GEN.START Digital signal (active high) General start signal (logical OR combination of all
start signal inclusive reset time)
TRIP Digital signal (active high) Trip signal
The START signal is activated when the respective phase current start conditions are
true. START L1, START L2 and START L3 are the phase selective start signals.
The GEN. START is alogical OR combination of the start signals START L1, START
L2 and START L3, and remains active until the reset time, if used, is expired. The
TRIP signal is activated when the start conditions are true and the operating time has
elapsed at least for one phase current.
Multifunction Protection and Switchgear Control Unit REF 542plus 63

Protection Manual



Section 5 1MRS755860 G
Protection functions

5.1.3.2 Configuration

Over-Current-Non-Directional

Figure 49: General
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Dver-Current-Non-Directional

General FastUO | sensors | Mode | Parameters | Everts | Pins |

~ Fast output channel
Trip
GenStart

o 0.8
o 0.8

~ Fast input channel
Blocking
Block inp2

lﬁ 0.14
iﬁ 0..14

Figure 50: Fast /O

Output channel different from 0 means a direct execution of the trip command or
general start command, that is, skipping the FUPLA cyclic evaluation.

Input channel different from 0 means a direct execution of the block command, that is,
skipping the FUPLA cyclic evaluation.
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Over-Current-Non-Directional

Figure 51: Sensors

The protection function operates on any combination of the phase current in a triple,
for example, it can operate as single-phase, double-phase or three-phase protection on
the phase currents belonging to the same network.

Multifunction Protection and Switchgear Control Unit REF 542plus

66
Protection Manual



1MRS755860 G

Section 5

Protection functions

x|
 Operating
Mode
~IDMT (IEEE) £ = +B xTd
[ /By -1 J
A (ratio multipher) | 3.500 0.005 .. 200.000
P (1 ratio exponent) | 0,005 .. 3.000
B (offset time) F.cm 0.000 .. 50.000 5
Set 1 Sel 2
Td gtime cial) I'J 500 I:r E00 0.050 .. 5.000
- Diggram I - Cragram I
-~ Reset
Reset time (Tr) |1 000 J1-000 0.020 .. 100,000 s
| QK I Cancel I Bpinty I
Figure 52: Mode
Status Mode of the operating status on or off
Mode Mode for the overcurrent, instantaneous, definite or inverse time
IDMT (IEEE) Free programmable inverse time curve according to equation
A, P, B, Td  Parameter for the free programmable inverse time curve
t-I Diagram  Diagram of the inverse time operation characteristic
Reset type  Mode of the reset time
Reset time  Timer resets after start current condition is not valid anymore
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Over-Current-Non-Directional

Figure 53: Parameter

Start Value Current threshold for start

Def. operate time Operation time in mode definite time
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Over-Current-Non-Directional

Figure 54: Events
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x|
General | Fast 0 | Sensors | Mode | Parameters | Events Pins |
1IN _BS  Blocksignal
maur| 12 OUT  Start L1 Start L1
HOC ggul-| (2 OUT StartL2 Start L2
sousal 12 QUT  StartL3 Start L3
2 0UT GEN.START General start
2 0UT Trip Trip

Figure 55: Pins

Measurement mode

All overcurrent functions evaluate the current RMS value at the fundamental
frequency. In case of the overcurrent definite time instantaneous, the peak value of the
measured current is also used under transient condition for a faster response. When the
instantaneous peak value is higher than three times the peak value, in relation to the
RMS value, a trip is generated.

Operation criteria

If the measured current exceeds the setting threshold value (Start Value), the
overcurrent protection function is started. The start signal is phase selective, that is,
when at least a value of one phase current is above the setting threshold value the
relevant start signal is activated. The protection function remains in START status
until there is at least one phase started. It returns to passive status and the start signal
is cleared if for all the phases the current falls below 0.95 the setting threshold value.

After the protection has entered the start status and the preset operating time (7ime)
has elapsed, function goes in TRIP status and the trip signal is generated. The
protection function exits the TRIP status and the trip signal is cleared when the
measured current value falls below 0.4 the setting threshold value. The tripping can be
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applied according to definite time or inverse time characteristic, which is defined
according to an equation.

tZ[PL-f-Bjtd
M -1

Operation time to trip

(Equation 8)

—

Curve parameter for the time value (according to IEC 60255-3)
Value for the exponent

Ratio of actual current to the pickup current I/In

(o - v I

Additional offset time

td Time-dial to adapt the operation time

The inverse time characteristic IDMT) is applied after the condition M > 1 is valid.
The operation range is, as defined in the IEC 60255-3 standard, from 1.2 to 20 In. Each
time the protection is started due to a system fault condition (M>1.2), the IDMT
operating counter is incremented according to the equation. When it reaches the
operation time to trip the function operates activating the trip output signal. If
required, a reset type with Inverse time characteristic can be set according to an
equation.

tr
t=| —— |td

t  Operation time to reset

tr Reset time (for M = 0)

(Equation 9)

M Ratio of actual current to the pickup current I/In

td Time-dial to adapt the operation time additionally

The reset type inverse time characteristic is valid for 0 <M < 1. In this case the inverse-
time overcurrent protection enters the reset state and decrements the operating counter
according to equation above. If the condition is 1 <M < 1.2, the counter remains
unchanged.

Instead of inverse time reset type a definite time can also be selected. The purpose of
the definite reset time is to enable fast clearance of intermittent faults, for example
self-sealing insulation faults, and severe faults, which may produce high
asymmetrical fault currents that partially saturate the current transformers. It is typical
for an intermittent fault that the fault current contains so called drop-off periods during
which the fault current falls below the set start current including hysteresis. Without
the reset time function, the operating counter would be stopped, when the current has
dropped off. In the same way, an apparent drop-off period of the secondary current of
the saturated current transformer might also reset the operating counter.

Multifunction Protection and Switchgear Control Unit REF 542plus 71
Protection Manual



Section 5
Protection functions

1MRS755860 G

The reset type inverse time can only be applied in conjunction with
inverse time overcurrent protection. For definite time overcurrent
protection only reset type definite time may be used.

5.1.3.5 Setting groups

Two parameter sets can be configured for the non-directional overcurrent protection.
A switch over between the parameter sets can be performed in dependency of the
network configuration. If this is not required, set 1 and set 2 can be parameterized
identically to avoid wrong setting if switch over of parameters has happened

accidentally.
5.1.3.6 Parameters and events
Table 21: Setfing values
Parameter Values Unit Default Explanation
Status On/Off On Operating status
Mode Instantaneous/ Instantaneous Operation
IDMT characteristic
A (ratio multiplier) | 0.005...200.000 13.500 Parameter for operation
characteristic
P (ratio exponent) | 0.005...3.000 1.000 Parameter for operation
characteristic
B (offset time) 0.000...50.000 s 0.000 Parameter for operation
characteristic
Td (time dial) 0.050...5.000 s 0.5000 Parameter for operation
characteristic
Reset type Not used/Definite Not used Reset Characteristic
time/Inverse time
Reset time (Tr) 0.020...100.000 s 1.000 Parameter for reset
characteristic
Start Value 0.050...40.000 In 0.5000 Current threshold for
start condition
Def. operate time | 0.015...300.000 s 0.080 Time delay for trip
condition

72

Table 22: Events

Code Event reason
EO Protection start on phase L1
E1 Start on phase L1 cancelled
E2 Protection start on phase L2
E3 Start on phase L2 cancelled
E4 Protection start on phase L3
E5 Start on phase L3 cancelled

Table continues on next page
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Code Event reason

E6 Trip signal is active

E7 Trip signal is back to inactive state

E8 Protection general start (logical OR combination of all start signal)
E9 General start is cancelled (after expiration of the reset time)

E18 Protection block signal is active

E19 Protection block signal is back to inactive status

By default all events are disabled.

514 Directional overcurrent protection

In the directional overcurrent protection can up to eight instances be applied.

27 ) Stage 1
ES
STRET L[
—+  START LI[
UE  smagr 13-
GEH.STRET |-
0| TRIF|
el
Definite time
Figure 56: Directional overcurrent protection
5.1.4.1 Input/output description
Table 23: Input
Name Type Description
BS Digital signal (active high) Blocking signal

When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all internal registers and timers are cleared. The protection function remains in idle
state until the BS signal goes low.

Table 24: Output
Name Type Description
START L1 Digital signal (active high) Start signal of IL1 (fault in set direction)
START L2 Digital signal (active high) Start signal of IL2 (fault in set direction)
START L3 Digital signal (active high) Start signal of IL3 (fault in set direction)
GEN.START Digital signal (active high) General start signal (logical OR combination of all
starts including reset time)
TRIP Digital signal (active high) Trip signal
BO Digital signal (active high) Block output signal (fault in opposite direction)
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5.14.2
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START L1, START L2 and START L3 are the phase selective start signals. The
phase starting signal is activated when respective phase current start conditions are

true, that is, current exceeds the setting threshold value and the fault is in the specified
direction.

GEN. START isalogical OR combination of the start signals START L1,START L2
and START L3 and remains active until the reset time, if used, has expired.

The TRIP signal is activated when at least for a phase current the start conditions are
true and the operating time has elapsed.

Block Output (BO) signal becomes active when the protection function detects a

current exceeding the preset value and the fault direction opposite to the specified
direction.

Configuration
1
General | Fast 0 | Sensors | Mode | Parameters | Events | Pns |
Field bus address 1o Stage |1 'I
- Description ;
Over-Current-Directional Stage 1 «|
Fast output channel
Trip 0
GenStart 0
BlockOut 0
Fast input channel
Biockinp! 0
Blockinp2 0
Used Sensors
Network 1 |
| OK I Cancel ! |
Figure 57: General
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Over-Current-Directional _ﬂ

General FastUO | sensors | Mode | Parameters | Everts | Pins |

 Fast output channel
Trip M o.8
GenStart o 0.8
Black Out b (fots
 Fast input channel
Blockinp! o 0.14
Blockinp? o 0.14

Figure 58: Fast /O

Output Channel different from 0 means a direct execution of the trip or general start
command, that is, skipping the FUPLA cyclic evaluation.

Input Channel different from 0 means a direct execution of the block command, that
is, skipping the FUPLA cyclic evaluation.
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x|
General | Fastio Sensors | Mode | Parameters | Everts | pins |
— Network
' Network 1 € Nebwork 2
— Connection
' Phase " Line
~ Measures
¥ Phase 1 Sensor 1
¥ Phase 2 Sensor 2
¥ Phase 3 Sensor 3
| oK I Cancel I A |
Figure 59: Sensors

The protection function operates on any combination of current phases in a triple, for
example, it can operate as single-phase, double-phase or three-phase protection on the
phase currents belonging to the same network. The faulty phase current is combined
with the voltage of the corresponding sound phases. The required voltage measure is
automatically selected and displayed in the General dialog box.
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Over-Current-Directional } _EI

General | Fast O | Sensors Mode | parameters | Everts | pins |

— Operating
S on
Mode | Definite time -
~IDMT (IEEE) £ = [ (I,:‘I: - +BJ xTd
A (ratio multipher) Il)m] 0.005 ., 200.000
P (1 ratio exponert) |tmo 0.005 .. 3.000
B (offset time) 000 0.000 .. 50.000 5
Set1 Set 2
Td ttime dial) Jo.s00 Jo.s00 0.050 .. 5.000
-l Ciggram I - Cragram I
~ Reset
Reset time (Tr) J1-000 J1-000 0,020 ..100.000 s

Figure 60:

Status
Mode

IDMT (IEEE)
A P, B, Td
t-1 Diagram
Reset type

Reset time

Mode

Mode of the operating status on or off

Mode for the directional overcurrent, definite or inverse time
Free programmable inverse-time curve according to equation
Parameter for the free programmable inverse-time curve
Diagram of the inverse time operation characteristic

Mode of the reset time

Timer resets after the start current condition not valid any more
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Over-Current-Directional

Figure 61: Parameter
Direction Directional criteria to be accessed together to overcurrent condition for the start
detection
"Start Value" Current threshold for start

Def. operate time Operation time in mode definite time
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Dver-Current-Directional

i
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|
|
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|
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|t
|t
|
|k
o
i 2

Figure 62: Events
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Over-Current-Directional i x|

General | Fast 0 | Sensors | Mode | Parameters | Events Pins |

1 IN BS Block signal
_, Jmeur| |2 OUT  StartLl Start L1
DOC yuarui-| |2 OUT StartL2 Start L2
wHESL | |2 OUT  StartL3 Start L3
2 0UT GEN.START General start
2 0UT Trip Trip
2 0OUT BO Block output

o ] cmm |

Figure 63: Pins

Measurement mode

All overcurrent directional protection functions evaluate the current RMS value at the
fundamental frequency.

Operation criteria

If the measured current exceeds the setting threshold value (Start Value), the
overcurrent directional protection function is started, if at least the value of one phase
current is above the setting threshold value. At the same time the general start signal
is activated.

If the general start condition exists and the fault is in a specified direction
(“backward”/’forward”), the timer for the operation time is started. The start signal is
phase selective. In case of fault in the opposite direction to the specified one, the Block
Output signal becomes active. The protection function remains in START status if
there is at least one phase started. It comes back in passive status and the start signal
is cleared if for all the phases the current falls below 0.95 the setting threshold value
(or the fault current changes direction).

When the protection has entered the start status and the preset operating time (7ime)
has elapsed, the function goes in TRIP status and the trip signal is generated. The
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protection function exits the TRIP status and the trip signal is cleared when the
measured current value falls below 0.4 the setting threshold value.

To determine the fault direction, REF 542plus must be connected to the three-phase
voltages. The protection function has a voltage memory, which allows a directional
decision to be produced even if a fault occurs in the close-up area of the voltage
transformer/sensor (when the voltage falls below 0.1 Un).

The inverse time tripping characteristic is defined according to an equation.

t= PL+B td
M" -1

Operation time to trip

(Equation 10)

—_

Curve parameter for the time value (according to IEC 60255-3)
Value for the exponent

Ratio of actual current to the pickup current I/In

=z UV o>

Additional offset time

td Time dial to adapt the operation time

The inverse time characteristic (IDMT) is applied after the condition M > 1 is valid.
The operation range is, as defined in the IEC 60255-3 standard, from 1.2 to 20 In.

Each time the protection function is started due to a system fault condition (M>1.2) the
IDMT operating counter is incremented according to the equation (1). When it reaches
the operation time to trip, the function will operate activating the trip output signal.

If required, a reset type with Inverse time characteristic can be set according to an
equation.

tr
t=| ——— |td
)

t  Operation time to reset

(Equation 11)

tr Resettime
M Ratio of actual current to the pickup current I/In

td Time dial to adapt the reset time

The reset type inverse time characteristic is valid for 0 <M < 1. In this case the inverse
time overcurrent protection enters the reset state and decrements the operating counter
according to above equation. If the condition is 1 <M < 1.2, the counter remains
unchanged.
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Instead of inverse time reset type a definite time can also be selected. The purpose of
the definite reset time is to enable fast clearance of intermittent faults, for example
self-sealing insulation faults, and severe faults, which may produce high
asymmetrical fault currents that partially saturate the current transformers. It is typical
for an intermittent fault that the fault current contains so called drop-off periods during
which the fault current falls below the set start current including hysteresis. Without
the reset time function, the operating counter would be stopped, when the current has
dropped off. In the same way, an apparent drop-off period of the secondary current of
the saturated current transformer might also reset the operating counter.

inverse time overcurrent protection. For definite time overcurrent
protection only reset type definite time may be used.

ﬂ The reset type inverse time can only be applied in conjunction with

5145 Current direction

Detection of the current direction is obtained by calculating the reactive power, which
is computed combining the faulty phase current with the voltage of the corresponding
sound phases. The reactive power calculation uses voltage and current measurements
at the fundamental frequency. Before the calculations, the voltages are shifted to a
lagging angle of 45°.

Q=(1,xUyxsin@,)+(1,,xU, xsin@,)(1,,xU,,xsing,)

(Equation 12)

Q Reactive power
IL123 Current of phase 1, 2 and 3
Ui22331 Line voltages between phases 1-2, 2-3 and 3-1 after shifting -45°

P123 Angles between the currents and the corresponding voltages

Only the phases in which the current exceeds preset threshold are used in the
calculation. If the result of the calculation leads to a negative reactive power, which is
greater than 5% of the nominal apparent power, the fault is in forward direction.
Otherwise, the fault is in backward direction.

A directional signal can be sent to the opposite station using the output (TRIP) and/
or the Block Output (BO) signal. The content of a directional signal from the opposite
station (BO output) can be used to release tripping of its own directional protective

function. This enables a directional comparison protection to be established.
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5.14.6

5.14.7

. “A

Forward

. -
R

Backward

Figure 64.: Forward and backward direction in the impedance plane in case of a
balanced three-phase fault

Because the application of the fault current is in combination with the sound voltages,
the directional decision area can change. This change depends on the power system
parameters in case of nonsymmetrical fault condition. The criteria for forward and
backward direction are derived from the calculated reactive power.

Voltage memory

The directional overcurrent protection function includes a voltage memory feature.
This allows a directional decision to be produced even if a fault occurs in the close-up
area of the voltage transformer/sensor. At a sudden loss of voltage, a fictive voltage is
used for direction detection. The fictive voltage is the voltage measured before the
fault has occurred, assuming that the voltage is not affected by the fault. The memory
function enables the function block to operate up to 300 seconds after a total loss of
voltage.

When the voltage falls below 0.1 x Un, the fictive voltage is used. The actual voltage
is applied again as soon as the voltage rises above 0.1 x Un for at least 100 ms. The
fictive voltage is also discarded if the measured voltage stays below 0.1 x Un for more
than 300 seconds.

Setting groups

Two parameter sets can be configured for the directional overcurrent protection
function. Switchover between the parameter sets can be performed in dependency of
the network configuration. If this is not required, set 1 and set 2 can be parameterized
identically to avoid wrong setting if switchover of parameters has happened
accidentally.
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5.14.8 Parameters and events
Table 25: Parameters
Parameter Values Unit Default Explanation
Status On/Off On Operating status
Mode Definite time/ Definite time | Operation characteristic
IDMT
A (ratio multiplier) | 0.005...200.000 13.500 Parameter for operation
characteristic
P (ratio exponent) | 0.005...3.000 1.000 Parameter for operation
characteristic
B (offset time) 0.000...50.000 s 0.000 Parameter for operation
characteristic
Td (time dial) 0.050...5.000 s 0.5000 Parameter for operation
characteristic
Reset type Not used/Definite Not used Reset Characteristic
time/Inverse time
Reset time (Tr) 0.020...100.000 s 1.000 Parameter for reset characteristic
Direction Forward/ backward Setting for fault direction
backward
Start Value 0.050...40.000 In 0.5000 Current threshold for start
condition
Def. operate time | 0.015...300.000 s 0.080 Time delay for trip condition
Table 26: Events
Code Event reason
EO Protection start on phase L1 (fault in set direction)
E1 Start on phase L1 cancelled
E2 Protection start on phase L2 (fault in set direction)
E3 Start on phase L2 cancelled
E4 Protection start on phase L3 (fault in set direction)
E5 Start on phase L3 cancelled
E6 Trip signal is active
E7 Trip signal is back to inactive state
E8 Protection general start (logical OR combination of starts)
E9 General start is cancelled (after expiration of reset time)
E16 Block signal is active
E17 Block signal is back to inactive status
E18 Protection block signal is active
E19 Protection block signal is back to inactive status
E20 Protection operation) on phase L1
E21 Operation on phase L1 cancelled
E22 Protection operation on phase L2
Table continues on next page
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Code Event reason

E23 Operation on phase L2 cancelled

E24 Protection operation on phase L3

E25 Operation on phase L3 cancelled

E26 Protection general operation (logical OR combination of all faults)
E27 General operation cancelled (after expiration of reset time)

E28 Operation on fault direction forward

E29 Operation on fault direction backward

E30 Operation on fault direction unknown

1) Start of protection on faults independent of the direction

By default all events are disabled.

5.1.5 Overcurrent protection (single stage)

REF 542plus provides three overcurrent definite time protection functions, see the
following figures. Each of them can be independently activated.

|
ES Sl
Sl

SLI-
TEIF |-
I o

Figure 65: Overcurrent definite time instantaneous (I>>>)

|
ES Sl
SLE-

5L
TEIF |-

I

Figure 66: Overcurrent definite time high set (1>>)

|
ESSL1F-
SLE-

SLI-
TEIF |-
I

Figure 67: Overcurrent definite time low set (1>)
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Input/output description

Table 27: Input
Name Type Description
BS Digital signal (active high) Blocking signal

When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all the internal registers and timers are cleared. The protection function will then
remain in idle state until BS signal goes low.

Table 28: Outputs

Name Type Description
SL1 Digital signal (active high) Start signal of IL1
SL2 Digital signal (active high) Start signal of IL2
SL3 Digital signal (active high) Start signal of IL3
TRIP Digital signal (active high) Trip signal

S L1,S L2and S L3 are the phase selective start signals. The phase starting signal
will be activated when the respective phase current start conditions are true.

The TRIP signal will be activated when at least for a phase current the start conditions
are true and the operating time has elapsed.
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5.1.5.2 Configuration

Figure 68: General

Over-Current-Instantaneous

Figure 69: Fast I/O

Output Channel different from 0 means a direct execution of the trip or general start
command, that is, skipping the FUPLA cyclic evaluation.
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Input Channel different from 0 means a direct execution of the block command, that
is, skipping FUPLA cyclic evaluation.

Over-Current-Instantaneous ) .l‘.l

General | Fastui0 Sensors | parameters | Events | Pins |

-~ Metwork

 iNetwork 1]  Networl 2

-~ Connection
(¥ Phase C Lire

 Measures
¥ Phase1 Sensor 1
¥ Phase 2 Sensor 2
¥ Phase 3 Sensor 3

Figure 70: Sensors

The protection functions operate on any combination of phase currents in a triple, for
example, it can operate as single phase, double phase or three-phase protection on the

phase currents belonging to the same system.
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Figure 71: Parameters

Start Value Current threshold for overcurrent condition detection

Time Time delay for overcurrent Trip condition detection

nstantaneous

Figure 72: Events
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Over-Current-Instantaneous j x|
Gmﬁdl Fast UOl S-er'cscfsl Paramatersl Events Pins |
e 1 IN BS Block signal

2 OUT StartL1 StartlL1

2 0UT Startl2 Startl?

2 0UT Startl3 Startl3

2 O0UT Trip Trip

QK I Cancel

Figure 73: Pins

Measurement mode

All overcurrent definite time functions evaluate the current RMS value at the
fundamental frequency. In case of the overcurrent definite time instantaneous, the
peak value of the measured current is also used under transient condition for a faster
response. When the instantaneous peak value is higher than three times SQRT (2) the
RMS value:

I)cfpeak/\/§ > 3.IfoMS

(Equation 13)

Operation criteria

If the measured current exceeds the setting threshold value (Start Value), the
overcurrent protection function is started. The start signal is phase selective, that is,
when at least the value of one phase current is above the setting threshold value the
relevant start signal will be activated.

The protection function will remain in START status until there is at least one phase
started. It will come back in passive status and the start signal will be cleared, if for all
the phases the current falls below 0.95 the setting threshold value. After the protection
has entered the start status and the preset operating time (Time) has elapsed, function
goes in TRIP status and the trip signal is generated.

The protection function will exit the TRIP status and the trip signal will be cleared
when the measured current value falls below 0.4 the setting threshold value.
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All overcurrent definite time functions can be used in parallel to generate a current
time-step characteristic, as shown in the following figure.

S | S S—
|
|= [== [ I
Figure 74: Current time-step characteristic
5.1.5.5 Setting groups

Two parameter sets can be configured for each of the overcurrent definite time
protection functions.

5.1.5.6 Parameters and events
Table 29: Setfing values
Parameter Values Unit Default Explanation

Start Value I>, I>>| 0.05...40.00 In 0.50 Current threshold for
overcurrent condition
detection.

Time 20...300000 ms 80 Time delay for overcurrent
Trip condition.

Start Value 1>>> 0.1...40.00 In 0.50 Current threshold for
overcurrent condition
detection.

Time 15...30000 ms 80 Time delay for overcurrent
Trip condition.

Table 30: Events
Code Event reason

EO Protection start on phase L1

E1 Start on phase L1 cancelled

E2 Protection start on phase L2

E3 Start on phase L2 cancelled

Table continues on next page
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Code Event reason

E4 Protection start on phase L3

E5 Start on phase L3 cancelled

E6 Trip signal is active

E7 Trip signal is back to inactive state

E18 Protection block signal is active

E19 Protection block signal is back to inactive state

By default all events are disabled.

5.1.6 Directional overcurrent protection (single stage)

REF 542plus has two directional definite time functions, each of which can be
independently activated:

|
ES Sl

Sl
LIR30
I% tRie|
EO
1
Figure 75: Overcurrent directional high set (1>>>)
]
ES SLif
Sl
IR o3l
I>  TRP|
EO
1
Figure 76: Overcurrent directional low set (I>>)
5.1.6.1 Input/output description
Table 31: Input
Name Type Description
BS Digital signal (active high) Blocking signal

When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all the internal registers and timers are cleared. The protection function will then
remain in idle state until the BS signal goes low.
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Table 32: Outputs

Name Type Description
SL1 Digital signal (active high) Start signal of IL1
SL2 Digital signal (active high) Start signal of IL2
SL3 Digital signal (active high) Start signal of IL3
TRIP Digital signal (active high) Trip signal
BO Digital signal (active high) Block output signal

S L1,S L2andS L3 are the start signals phase selective. The phase starting signal
will be activated when respective phase current start conditions are true (current
exceeds the setting threshold value and the fault is in the specified direction).

The TRIP signal will be activated when at least for a phase current the start conditions
are true and the operating time has elapsed.

The Block Output (BO) signal becomes active when the protection function detects a
current exceeding the preset value and the fault direction opposite to the specified

direction.
5.1.6.2 Configuration
Over-Current-Directional-High-Set ﬁl
General | Fast 1O | Sensors | Parameters | Events | Pins |
Field bus address @
Ower-Current-Directional-High-Set -
Fast output channel
Trip 0
GenStart 0
Eilock Out 0
Fast input channel
Blockinp1 0
Blockinp2 0
Used Sensors
Network 1 -
OK | Cancel | |
Figure 77: General
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xq
General FastiO | Sensors | Parameters | Events | pins |
~ Fast outpiut channel
Tro b 0.8
Genstart o 0.8
BlockOut b .8
- Fast input channel
Blockinp IU 0.14
Blockinp2 0 0.14

ok | cancel Apply

Figure 78: Fast I/O

Output Channel different from 0 means a direct execution of the trip, general start or
block-out command, that is, skipping the FUPLA cyclic evaluation.

x|
Genersl | Fastuio  Sensors | parameters | Events | Pins |
- MNetwork:
% Network 1 O Network 2
— Connection
% Phase  Line
~ Measures
v Prase1 Sensor 1
¥ Phase 2 Sensor 2
v phase3 sensor 3
ok | cencel Apply
Figure 79: Sensors

The protection function operates on any combination of current phases in a triple, for
example, it can operate as single phase, double phase or three-phase protection on the
phase currents belonging to the same system.
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The faulty phase current is combined with the voltage of the corresponding sound

phases. The required voltage measure is automatically selected and displayed in the

General tab.

Over-Current-Directional-High-Set .EI

General | Fast O | Sensors Parameters | events | pins |

Parameter Set Set1 Set 2
forward " forward
backward (& & backward

Start Value IDE |D.200 0.050 .. 40,000 * In
Tirne IU.DSEI ID.OSO 0.040 .. 30,000 5

Figure 80: Parameters
Direction Directional criteria to be assessed together to overcurrent condition for the START
detection
Start Value Current threshold for overcurrent condition detection

Time Time delay for overcurrent trip condition detection
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Over-Current-Directional-High-Set ﬂ

General | Fast 10 | Sensors | Parameters Events | pins |

[T 54 E1 Start 11 back
[™ 54 E2 Start L2 started
[” 54 E3 Start L2 back
[T 54 E4 Start L3 started Set Defaut
[T 54 ES Start L3 back
[” 54 E6 Trip started Save Defaul
" 54 E7 Trip back
I” 54 E8 General start started D Bt Maeks —
[™ 54 E9 General start back
IF s4E10

IF ssen

I ssE12

[T s4E13

IZ ssE14

IE s4E15 foooo Hex

[T 54 F1R Binrk sinnal started il

I™ 54 E0 Start L1 started £
Clear Al |

Figure 81: Events

Over-Current-Directional-High-Set x|

General | Fast /0 | Sensors | Parameters | Everts Pins |

o IN BS Block signal
o OUT StartLl StartL1
m OUT Startl2 StartL2

OUT StartL3 StartlL3
OUT Trip Trip
OoUT BO Block output

NNNNN -

OK I Cancel Aopliy

Figure 82: Pins

51.6.3 Measurement mode

The directional overcurrent protection function evaluates the current and voltage at
the fundamental frequency.
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5.1.6.4

5.1.6.5

Operation criteria

Ifthe measured current exceeds the setting threshold value (Start Value), and the fault
is in the specified direction (“backward”/forward”), the protection function is
started. The start signal is phase selective. It means that when at least for one phase
current the above conditions are true, the relevant start signal will be activated.

If the preset threshold value (Start Value) is exceeded and the fault is in the opposite
direction to the specified one, the Block Output signal becomes active. The protection
function will remain in START status until there is at least one phase started. It will
come back in passive status and the start signal will be cleared if for all the phases the
current falls below 0.95 the setting threshold value (or the fault current changes
direction).

When the protection has entered the start status and the preset operating time (7ime)
has elapsed, the function goes in TRIP status and the trip signal is generated.

The protection function will exit the TRIP status and the trip signal will be cleared
when the measured current value falls below 0.4 the setting threshold value.

To determine the fault direction REF 542plus must be connected to the three-phase
voltages. The protection function has a voltage memory, which allows a directional
decision to be produced even if a fault occurs in the close up area of the voltage
transformer/sensor (when the voltage falls below 0.1 x Un).

Current direction

Detection of the current direction is obtained by calculating the reactive power, which
is computed combining the faulty phase current with the voltage of the corresponding
sound phases. The reactive power calculation uses voltage and current measurements
at the fundamental frequency. Before the calculations, the voltages are shifted to a
lagging angle of 45°.

The reactive power is calculated:

Q= ,xU,;xsin@,)+
(I, xU,, xsin@,)+ (I ; XU, Xsin @)

(Equation 14)

Q Reactive power
IL123 Current of phase 1, 2 and 3
U422331 Line voltages between phases 1-2, 2-3 and 3-1 after shifting -45°

P123 Angles between the currents and the corresponding voltages

Only the phases whose current exceeds preset threshold are used in the calculation.
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If the result of the calculation leads to a negative reactive power, which is greater than
5% of the nominal apparent power, the fault is in forward direction. Otherwise, the
fault is in backward direction.

A directional signal can be sent to the opposite station using the output (trip) and/or the
Block Output (BO) signal. The content of a directional signal from the opposite station
(BO output) can be used to release tripping of its own directional protective function.
This enables a directional comparison protection to be established.

Figure 5.1.6.5 shows the forward and backward direction in the impedance plane in
case of a balanced three-phase fault.

. “A

Fonward

Backward

Figure 83: Diagram of the directional overcurrent profection in case of balanced
three-phase faults

Because the application of the fault-current is in combination with the sound voltages,
the directional decision area can change. This change depends on the power system
parameters in case of nonsymmetrical fault condition. The criteria for forward and
backward direction is derived from the calculated reactive power.

Voltage memory

The directional overcurrent protection function includes a voltage memory feature.
This allows a directional decision to be produced even if a fault occurs in the close up
area of the voltage transformer/sensor.

Atasudden loss of voltage, a fictive voltage is used for direction detection. The fictive
voltage is the voltage measured before the fault has occurred, assuming that the
voltage is not affected by the fault. The memory function enables the function block
to operate up to 300 seconds after a total loss of voltage.

When the voltage falls below 0.1 x Un, the fictive voltage is used. The actual voltage
is applied again as soon as the voltage rises above 0.1 x Un for at least 100 ms. The
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fictive voltage is also discarded if the measured voltage stays below 0.1 x Un for more
than 300 seconds.
5.1.6.7 Setting groups
Two parameter sets can be configured for each of the overcurrent directional definite
time protection functions.
5.1.6.8 Parameters and events
Table 33: Setfing values
Parameter Values Unit Default Explanation
Start Value 0.05...40 In 0.2 Current threshold for fault detection
Time 40...30000 ms 80 Operating Time between start and
trip
Direction forward/ - backward Direction criteria
backward
Table 34: Events
Code Event reason
EO Protection start on phase L1
E1 Start on phase L1 cancelled
E2 Protection start on phase L2
E3 Start on phase L2 cancelled
E4 Protection start on phase L3
E5 Start on phase L3 cancelled
E6 Trip signal is active
E7 Trip signal is back to inactive state
E16 Block signal is active
E17 Block signal is back
E18 Protection block started
E19 Protection block back
By default all events are disabled.
5.1.7 Overcurrent IDMT (single stage)
REF 542plus makes available an IDMT function in which one at the time of the four
current-time characteristics can be activated:
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*  Normal inverse

*  Very inverse

*  Extremely inverse
*  Long-term inverse

|
ES Sl
5L

5Li
TEIF |-

IONT

Figure 84: Overcurrent IDMT

51.71 Input/output description

Table 35: Input

Name Type Description
BS Digital signal (active high) Blocking signal

When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all the internal registers and timers are cleared. The protection function will then
remain in idle state until the BS signal goes low.

Table 36: Output

Name Type Description
S Digital signal (active high) Start signal of IL1
SL2 Digital signal (active high) Start signal of I1L2
SL3 Digital signal (active high) Start signal of IL3
TRIP Digital signal (active high) Trip signal

S L1,S L2andS L3 arethe phase selective start signals. The phase starting signal
will be activated when the respective phase current start conditions are true, that is, the
phase current value is above 1.2 times the setting threshold value.

The TRIP signal will be activated when at least for a phase current the start conditions
are true and the calculated operating time has elapsed.
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5.1.7.2 Configuration

IDMT Normal inverse

Figure 85: General

Figure 86: Fast I/O

Output Channel different from 0 means a direct execution of the trip or general start
command, that is, skipping the FUPLA cyclic evaluation.
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Input Channel different from 0 means a direct execution of the block command, that
is, skipping the FUPLA cyclic evaluation.

IDMT Normal inverse _)_tj

General | Fast 0 1DMT Type | Sensors | Parameters | Everts | Pins |

IDMT Type
% Normal inverse
" Very inverse

" Extremely inverse
" Longtime inverse

Figure 87: IDMT type

X
General | Fast O | IDMT Type Sensors | parameters | Everts | Pins |
— Metwork
* Netwaork 1 O Network 2
-~ Connection
(% Phase =
 Measures
¥ Phase1 Sensor 1
v Prase 2 Sensor 2
¥ Phase3 Sensor 3
OK | Cancel Apply
Figure 88: Sensors

The protection functions operate on any combination of phase currents in a triple, for
example, it can operate as single phase, double phase or three-phase protection on
phase currents belonging to the same system.
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1IDMT Normal inverse L x|

General | Fast O | IDMT Type | Sensors Parsmeters | Events | pins |

Parameter Set Set1 Set 2
Base Current (leb) : |U.5ﬂ |n.500 0.050 .. 40,000 * In
Tirme Muttiplier (k) : |U.5ur:| |U.50D 0,050 .. 1.500

Figure 89: Parameters

Base current (leb) Current threshold for overcurrent condition detection

Time multiplier (k) Parameter to vary time delay for Trip condition

The trip time is calculated according to the British Standard (BS 142) when the time
multiplier k is used; when the time multiplier k is set to one (k=1) the IDMT curve is
in accordance to the IEC 60255-3.
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1DMT Normal inverse i x|

General | Fast 0 | IDMT Type | Sensors | Parameters Everts | pins |

™ 56 EO Start L1 started A
Clear Al |

[™ 56 E1 Start 11 back
[™ 56 E2 Start L2 started
[™ 56 E3 Start L2 back
[™ 56 E4 Start L3 started Set Defaut
[™ 56 ES Start L3 back
[~ 56 E6 Trip started Save Defaul
[ 56 E7 Trip back
[” 56 Es General start started D Bt Maeks —
[™ 56 E9 General start back
IF ssE10
IF ssen
T ssEi2
F 56 E13

&6 E14
IE s E15 foooo Hex

W srEm il

Figure 90: Events

1DMT Normal inverse i x|

General | Fast 0 | IDMT Type | Sensors | Parameters | Everts Pins |

IN BS Block signal
OUT StartL1 StartlLl
OUT Startl2 StartlL2
OUT StartL3 Startl3
OUT Trip Trip

P P3PS RS =

ok | cancel Apply

Figure 91: Pins

51.7.3 Measurement mode

IDMT protection function evaluates the RMS value of phase currents at the
fundamental frequency.

104 Multifunction Protection and Switchgear Control Unit REF 542plus
Protection Manual



1MRS755860 G

Section 5
Protection functions

51.7.4

5.1.7.5

5.1.7.6

Operation criteria

If the measured current exceeds the setting threshold value (Base current Ieb) by a
factor 1.2 the protection function is started. The start signal is phase selective, that is,
when at least one phase current is above 1.2 times the setting threshold value, the

relevant start signal will be activated.

The protection function will remain in START status until there is at least one phase
started. It will come back in passive status and the start signal will be cleared, if for all
the phases the current falls below 1.15 the setting threshold value. When the protection
enters the start status the operating time is continuously recalculated according to the
set parameters and measured current value. If the calculated operating time is
exceeded, the function goes in TRIP status and the trip signal becomes active.

The operating time depends on the measured current and the selected current-time
characteristic. The protection function will exit the TRIP status and the trip signal will
be cleared when the measured current value falls below 0.4 the setting threshold value.

Setting groups

Two parameter sets can be configured for the IDMT protection function.

Parameters and events

Table 37: Setting values
Parameter Values Unit Default Explanation
Type NI/VI/EI/LTI - NI Tripping characteristic according to
the IEC 60255-3; curve definition
Base current (leb) | 0.05...40 In 0.5 Fault current factor threshold for
start condition detection
Time multiplier (k) | 0.05...1.50 - 0.50 Time multiplier to vary time delay for
Trip condition according to BS 142
Table 38: Events
Code Event reason
EO Protection start on phase L1.
E1 Start on phase L1 cancelled.
E2 Protection start on phase L2.
E3 Start on phase L2 cancelled.
E4 Protection start on phase L3.
E5 Start on phase L3 cancelled.
E6 Trip signal is active.
E7 Trip signal is back to inactive state.
E18 Protection block signal is active.
E19 Protection block signal is back to inactive state.
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By default all events are disabled.

5.1.8 Non-directional earth fault protection

In the non-directional earth fault protection can up to eight instances be applied.

27 ] Stage 1
E§

START [~

MEF EH.5TRRT |-

0 TRIF|-

Instantaneous

Figure 92: Non-directional earth fault protection
5.1.8.1 Input/output description

Table 39: Input

Name Type Description

BS Digital signal (active Blocking signal

high)

When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all internal registers and timers are cleared. The protection function remains in idle
state until the BS signal goes low.

Name Type Description

START Digital signal (active Start signal
high)

GEN.START Digital signal (active General start signal (including reset time)
high)

TRIP Digital signal (active Trip signal
high)

START signal is activated when earth fault protection start condition is true. The
GEN. START includes the expiration of the reset time. The TRIP signal is activated
when the start condition is true and the operating time has elapsed.
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5.1.8.2 Configuration

Earthfault-Non-Directional

Figure 93: General
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Earthfault-Non-Directional .ﬂ

General FastUO | sensors | Mode | Parameters | Everts | pins |

~ Fast output channel
Trip ol o.s
Gen'Start o 0.8
~ Fast input channel
Blockinp1 o 0.14
Blockinp?2 o 0.14

Figure 94: Fast /O

Output Channel different from 0 means a direct execution of the trip or general start
command, that is, skipping the FUPLA cyclic evaluation.

Input Channel different from 0 means a direct execution of the block command, that
is, skipping the FUPLA cyclic evaluation.
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Earthfault-Non-Directional

Figure 95: Sensors

The protection function can operate on measured or calculated (on any set of phase
current in a triple) neutral current.
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Earthfault-Non-Directional ¥ .EI

General | Fast O | Sensors Mode | parameters | Everts | pins |

 Operating
s - B
A
~ IDMT (IEEE) —£ = +B |xTd
(I/1s) -1
A (ratio multipher) |135013 0.005 _. 200,000
P (1 ratio exponent) |tmo 0,005 .. 3.000
B (offset time) 000 0.000 .. 50,000 5
Set1 Set 2
Td Qtime dial) Jo.s00 Jo.s00 0.050 .. 6.000
-l Diggram I -l Cregram I
-~ Reset
Reset time (Tr) | [ | 0.020 .. 100,000 s
| OK I Cancel I Bpinty I
Figure 96: Mode
Status Mode of the operating status on or off
Mode Mode for the earth fault, instantaneous, definite or inverse time
IDMT (IEEE) Free programmable inverse time curve according to equation
APB, Td Parameter for the free programmable inverse time curve
t-I Diagram  Diagram of the inverse time operation characteristic
Reset type  Mode of the reset time
Reset time  Timer to reset start current condition disappeared
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Earthfault-Non-Directional

Figure 97: Parameter

Start Value Current threshold for start

Def. operate time Operation time in mode definite time
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Earthfault-Non-Directional

Figure 98: Events
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Earthfault-Non-Directional ) x|
General | Fast U0 | Sensors | Mode | Parameters | Events Pins |
1 IN BS Block signal
ma- | (2 OUT  Start Start
HEF soumml- | (2 OUT GEN.START General start
el 2 0UT Trip Trip
[ ok ]| cancer | |
Figure 99: Pins
5.1.8.3 Measurement mode
All earth fault protection functions evaluate the RMS value of the measured residual
current or the calculated neutral current at the fundamental frequency.
5.1.8.4 Operation criteria
If the measured current exceeds the setting threshold value (Start Value), the earth
fault protection function is started.
The protection function remains in START status and comes back in passive status
and the start signal is cleared, if the residual current falls below 0.95 the setting
threshold value. After the protection has entered the start status and the preset
operating time (7ime) has elapsed, the function goes in TRIP status and the trip signal
is generated.
The protection function exits the TRIP status and the trip signal is cleared when the
residual current value falls below 0.4 the setting threshold value. The inverse time
tripping characteristic is defined according to an equation.
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:(ﬁ'FBjtd

Operation time to trip

(Equation 15)

—_

Curve parameter for the time value (according to IEC 60255-3)
Value for the exponent

Ratio of actual current to the pickup current I/In

=z UV o>

Additional offset time

td Time dial to adapt the operation time

The inverse time characteristic (IDMT) is applied after the condition M > 1 is valid.
The operation range is, as defined in the IEC 60255-3 standard, from 1.2 to 20 In.

Each time the protection is started due to a system fault condition (M > 1.2) the IDMT
operating counter is incremented according to the equation. When it reaches the
operation time to trip the function operates activating the trip output signal. If
required, a reset type with Inverse time characteristic can be set according to an
equation.

tr
t=| —— |td

t  Operation time to reset

tr Reset time (for M = 0)

(Equation 16)

M Ratio of actual current to the pickup current I/In

td Time dial to adapt the reset time

The reset type inverse time characteristic is valid for 0 <M < 1. In this case the inverse
time earth-fault protection enters the reset state and decrements the operating counter
according to above equation. If the condition is 1 <M < 1.2, the counter remains
unchanged.

Instead of inverse time reset type a definite time can also be selected. The purpose of
the definite reset time is to enable fast clearance of intermittent faults, for example
self-sealing insulation faults, and severe faults, which may produce high
asymmetrical fault currents that partially saturate the current transformers. It is typical
for an intermittent fault that the fault current contains so called drop-off periods during
which the fault current falls below the set start current including hysteresis. Without
the reset time function, the operating counter would be stopped, when the current has
dropped off. In the same way, an apparent drop-off period of the secondary current of
the saturated current transformer might also reset the operating counter.
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ﬂ The reset type inverse time can only be applied in conjunction with
inverse time earth-fault protection. For definite time earth-fault
protection only reset type definite time may be used.
5.1.8.5 Setting groups
Two parameter sets can be configured for the earth fault protection. Switch-over
between the parameter sets can be performed in dependency of the network
configuration. If this is not required, set 1 and set 2 can be parameterized identically
to avoid wrong setting if switch-over of parameters has happened accidentally.
5.1.8.6 Parameters and events
Table 40: Settings values
Parameter Values Unit Default Explanation
Status On/Off On Operating status
Mode Instantaneous/ Instantaneo Operation characteristic
IDMT us
A (ratio 0.005...200.000 13.500 Parameter for operation characteristic
multiplier)
P (ratio 0.005...3.000 1.000 Parameter for operation characteristic
exponent)
B (offset 0.000...50.000 s 0.000 Parameter for operation characteristic
time)
Td (time 0.050...5.000 s 0.5000 Parameter for operation characteristic
dial)
Reset type Not used/Definite Not used Reset Characteristic
time/lnverse time
Reset time 0.020...100.000 s 1.000 Parameter for reset characteristic
(Tr)
Start Value 0.050...40.000 In 0.5000 Current threshold for start condition
Def. operate | 0.015...300.000 s 0.080 Time delay for trip condition
time
Table 41: Events
Code Event reason
EO Protection start on phase L1
E1 Start cancelled
E6 Trip signal is active
E7 Trip signal is back to inactive state
E8 Protection general start
E9 General start is cancelled (after expiration of the reset time)
E18 Protection block signal is active
E19 Protection block signal is back to inactive status
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By default all events are disabled.

Directional earth-fault protection

In the directional earth-fault protection up to eight instances can be applied.

27 : Stage 1
ES

START
DEF GEM.START |-

0 TRIF|

ED

1
Definite time

Figure 100: Directional earth-fault protection

Input/output description

Table 42: Input
Name Type Description
BS Digital signal (active Blocking signal
high)

When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all internal registers and timers are cleared. The protection function remains in idle
state until the BS signal goes low.

Table 43: Output
Name Type Description
START Digital signal (active Start signal (fault in set direction)
high)
GEN.START Digital signal (active General start signal (logical OR combination of all starts
high) including reset time)
TRIP Digital signal (active Trip signal
high)
BO Digital signal (active Block output signal (fault in opposite direction)
high)

The START signal is activated when the measured or calculated neutral current
exceeds the setting threshold value (Start Value) and the fault is in the specified
direction.

GEN. START remains active as long as the start signal is high until the reset time, if
used, has expired.
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Configuration

Earthfault-Non-Directional

General | Fast 0 | Sensors | Mode | Parameters | Events | Pns |

Field bus address ﬁ

Stage

—

Block Output (BO) signal becomes active when the protection function detects a
current exceeding the preset value and the fault direction opposite to the specified
direction.

Earthfaul-Non-Directional Stage 1

Fast output channel
Trip 1]
GenStart 0

Fast input channel
Biockinp1 0
Biockinp2 0

Used Sensors
Metwork 1
Earth Sensor (Sensor 7)

Figure 101: General
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TRIP signal is activated when the start conditions are true and the operating time has
elapsed.
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Earthfault-Non-Directional .ﬂ

General FastUO | sensors | Mode | Parameters | Everts | pins |

~ Fast output channel
Trip b~ 0.8
Gen'Start o o.8
~ Fast input channel
Blockinp1 o 0.14
Blockinp?2 o 0.14

Figure 102: Fast /O

Output Channel different from 0 means a direct execution of the trip or general start
command, that is, skipping the FUPLA cyclic evaluation.

Input Channel different from 0 means a direct execution of the block command, that
is, skipping the FUPLA cyclic evaluation.
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Earthfault-Non-Directional

Figure 103: Sensors

The protection functions can operate on neutral current and residual voltage quantities
measured through dedicated sensor(s) or calculated from the current and voltage

phase components in a triple.
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|
 Operating
St -]
A
~ IDMT (IEEE) —£ = +8 |xTd
(I/1s) -1
A (ratio multipler) |135013 0.005 .. 200,000
P (1 ratio exponent) |tmo 0,005 .. 3.000
B (offset time) 000 0.000 .. 50.000 5
Set 1 Set 2
Td ttime dial) Jos00 Jo.s00 0.050 .. 5,000
-l Diggram I -l Cregram I
-~ Reset
Reset time (Tr) | [ | 0.020 .. 100,000 s
ok ] _comeat | oy |
Figure 104: Mode
Status Mode of the operating status on or off
Mode Mode for the earth fault definite or inverse time
IDMT (IEEE) Free programmable inverse time curve according to equation
t-I Diagram  Parameter for the free programmable inverse time curve
A, P, B, Td  Diagram of the inverse time operation characteristic
Reset type  Mode of the reset time
Reset time  Timer is reset after the start current condition is not valid any more
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General | Fast O | Sensors | Mode  Parameters | everts | pins |
Parameter Set Set 1 Set 2
Start Value [orod o100 0.050.40000%K
Def. operate time [o200 fo200 001530000

Figure 105: Parameters

Net type Parameter defining the connection to ground network topology
Direction Directional criteria to be assessed together to earth fault condition for start detection
Start Value Current threshold for start

Def. operate time Operation time in mode definite time

Voltage Uo Voltage threshold for start

Multifunction Protection and Switchgear Control Unit REF 542plus 121
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Earthfault-Non-Directional

Figure 106: Events
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5.1.9.3

5.1.94

Earthfault-Non-Directional i x|

General | Fast U0 | Sensors | Mode | Parameters | Events Pins |

IN BS Block signal
OUT Start Start

OUT GEN.START General start
ouUT Trip Trip

g
E

[ox ] omm |

Figure 107: Pins

Measurement mode

All directional earth-fault protection functions evaluate the current RMS value at the
fundamental frequency.

Operation criteria

The directional earth-fault protection functions evaluate the measured or calculated
amount of neutral current I, and voltage U, at the fundamental frequency. If the
residual current and simultaneously the residual voltage exceed the related setting
threshold value (Start Value and Uo) the directional earth-fault protection function is
started. At the same time the general start signal is activated.

If the general start condition exists and the fault is in the specified direction
(“backward”/”forward”), the timer for the operation time is started. The way the
direction is determined depends on the selected network type (“isolated”/”earthed”).

The protection function remains in START status and comes back in passive status by
clearing the start signal if the current falls below 0.95 the setting threshold value (or
the fault current changes direction).
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When the protection has entered the start status and the preset operating time (7ime)
has elapsed, the function goes in TRIP status and the trip signal is generated. The
protection function exits the TRIP status and the trip signal is cleared when the
measured current value falls below 0.4 the setting threshold value.

The direction can be determined only if the neutral voltage is above the preset
threshold, that is, Voltage Uo.

If parameter Net type is set to isolated, then the neutral current is of capacitive type.
Then its main component is on an orthogonal projection with respect to the neutral or
residual voltage.

Block Passive Trip

Figure 108: Operating characteristic of the directional earth-fault protection
(/solated network sin @)

If parameter Net type is set to earthed, then the neutral current is of resistive type. Then
its main component is on a projection parallel to the neutral voltage.
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ﬂgo

Block
Passive
Trip lo
Figure 109: Operating characteristic of the directional earth-fault protection

(earthed network cos @)
The protection function is started, if the all of the following conditions are true:

*  Neutral voltage value is above the preset threshold (that is, Voltage U,).

*  The significant component of neutral current value exceeds the setting threshold
value (Start Value).

e The direction is as selected, that is, “backward”/’forward”.

When the preset threshold values (Start Value and Uo) are exceeded and the first two
conditions are true but the fault is in the opposite direction to the specified one, the
Block Output signal becomes active. The tripping can be selected as definite time or
as inverse time characteristic. The inverse time characteristic is defined according to
an equation.

t:[ f +B]td
M -1

Operation time to trip

(Equation 17)

—_

Curve parameter for the time value (according to IEC 60255-3)
Value for the exponent

Ratio of actual current to the pickup current I/In

[o - v I

Additional offset time

td Time dial to adapt the operation time
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The inverse time characteristic (IDMT) is applied after the condition M > 1 is valid.
The operation range is, as defined in the IEC 60255-3 standard, from 1.2 to 20 In.

Each time the protection is started due to a system fault condition (M > 1.2) the IDMT
operating counter is incremented according to the equation. When it reaches the
operation time to trip the function operates activating the trip output signal. If
required, a reset type with Inverse time characteristic can be set according to an
equation.

tr
t=| —— |td

t  Operation time to reset

tr Reset time (for M = 0)

(Equation 18)

M Ratio of actual current to the pickup current I/In

td Time dial to adapt the reset time

The reset type inverse time characteristic is valid for 0 <M < 1. In this case the inverse
time directional earth-fault protection enters the reset state and decrements the
operating counter according to above equation. If the condition is 1 <M < 1.2, the
counter remains unchanged.

Instead of inverse time reset type a definite time can also be selected. The purpose of
the definite reset time is to enable fast clearance of intermittent faults, for example
self-sealing insulation faults, and severe faults, which may produce high
asymmetrical fault currents that partially saturate the current transformers. It is typical
for an intermittent fault that the fault current contains so called drop-off periods during
which the fault current falls below the set start current including hysteresis. Without
the reset time function, the operating counter would be stopped, when the current has
dropped off. In the same way, an apparent drop-off period of the secondary current of
the saturated current transformer might also reset the operating counter.

The reset type inverse time can only be applied in conjunction with
inverse time overcurrent protection. For definite time overcurrent
protection only reset type definite time may be used.

5.1.9.5 Setting groups

Two parameter sets can be configured for the directional earth-fault protection.
Switch-over between the parameter sets can be performed in dependency of the
network configuration. If this is not required, set 1 and set 2 can be parameterized
identically to avoid wrong setting if switch-over of parameters has happened
accidentally.
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5.1.9.6 Parameters and events
Table 44: Parameters
Parameter Values Unit | Default Explanation
Status On/Off On Operating status
Mode Definite time/ Definite time Operation characteristic
IDMT
A (ratio 0.005...200.000 13.500 Parameter for operation characteristic
multiplier)
P (ratio 0.005...3.000 1.000 Parameter for operation characteristic
exponent)
B (offset 0.000...50.000 S 0.000 Parameter for operation characteristic
time)
Td (time dial) | 0.050...5.000 s 0.5000 Parameter for operation characteristic
Reset type Not used/Definite Not used Reset Characteristic
time/Inverse time
Reset time 0.020...100.000 s 1.000 Parameter for reset characteristic
(Tr)
Net type isolated (sin phi) / Setting for network earthing
earthed (cos Phi)
Direction Forward/ backward Setting for fault direction
backward
Start Value 0.050...40.000 In 0.5000 Current threshold for start condition
Def. operate | 0.015...300.000 S 0.080 Time delay for trip condition
time
Table 45: Events
Code Event reason
EO Protection start on earth fault (fault in set direction)
E1 Start on earth fault cancelled
E6 Trip signal is active
E7 Trip signal is back to inactive state
E8 Protection general start
E9 General start is cancelled (after expiration of reset time)
E16 Block signal is active
E17 Block signal is back to inactive status
E18 Protection block signal is active
E19 Protection block signal is back to inactive status
E20 Protection operation®
E21 Operation cancelled
E26 Protection general operation
E27 General operation cancelled (after expiration of reset time)
Table continues on next page
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Code Event reason

E28 Operation on fault direction forward
E29 Operation on fault direction backward
E30 Operation on fault direction unknown

1) Start of protection on faults independent of the direction

By default all events are disabled.

5.1.10 Earth fault protection (single stage)

REF 542plus has two earth fault definite time protection functions, which can be
activated and the parameters set independently of each other, see the following

figures.
|
ES 5t
TRIF |-
EF nd >

Figure 110:  Earth fault high

|
ES Sterft—

TRIF |-
EFnd

Figure 111: Earth fault low

5.1.10.1 Input/output description
Table 46: Input
Name Type Description
BS Digital signal (active high) Blocking signal

When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all the internal registers and timers are cleared. The protection function will then
remain in idle state until the BS signal goes low.
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Table 47 Outputs
Name Type Description
Start Digital signal (active high) Start signal
TRIP Digital signal (active high) Trip signal
The START signal will be activated when the measured or calculated neutral current
exceeds the setting threshold value (Start Value).
The TRIP signal will be activated when the start conditions are true and the operating
time (7ime) has elapsed.
5.1.10.2 Configuration

Earthfault-High-Set

General | Fast 10 | Sensors | Parameters | Everts | Pins |

Field bus address ﬁ

Earthfaut-High-Set

Fast output channel

Start 0

Fast input channel
Blockinp1 0
Blockinp2 0

Used Sensors
Metwork 1
Earth Sensor (Sensor 7)

Figure 112: General

Multifunction Protection and Switchgear Control Unit REF 542plus
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Figure 113: Fast I/O

Output Channel different from 0 means a direct execution of the trip or general start
command, that is, skipping the FUPLA cyclic evaluation.

Input Channel different from 0 means a direct execution of the block command, that
is, skipping the FUPLA cyclic evaluation.

| Earthfault-High-Set

Figure 114: Sensors

Multifunction Protection and Switchgear Control Unit REF 542plus
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The protection functions can operate on measured or calculated (on any set of phase
currents in a triple) neutral current.

Earthfault-High-Set ' x|

General | Fast O | Sensors Parameters | events | pins |

Parameter Set Set 1 Set2
Start Value |D.1 Eil ID.1DCI 0.050 .. 40.000 * In
Tirne |D.2DCI |D.200 0040 . 30,000 5

Figure 115: Parameters

Start Value Current threshold for earth fault condition detection

Time Time delay for earth fault Trip condition detection
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Earthfault-High-Set i

General | Fast 10 | Sensors | Parameters Events | pins |

[” 66 EO Start started B
[T 66 E1 Start back
IF ssE2

7 ssE3

o 66 E4 Set Defautt
I sces

" &6 E6 Trip started

[ 68 E7 Trip back

i .
7 scEa

7 ssE10

I ssEn

7 ssE12

IT ssE13

[T ssE14

T esE15

7 srEs il

Figure 116: Events

Earthfault-High-Set

General | Fast 0 | Sensors | Parameters | Events Pins |

!

1 IN BS Block signal
2 0OUT Start Start
2 0UT Trip Trip

Apply

Figure 117: Pins

Measurement mode

All earth fault definite time protection functions evaluate the measured residual

current or the calculated neutral current at the fundamental frequency.
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51104 Operation criteria
Ifthe measured or calculated neutral current exceeds the setting threshold value (Start
Value), the earth fault protection function is started.
The protection function will come back in passive status and the start signal will be
cleared if the neutral current falls below 0.95 the setting threshold value.
After the protection has entered the start status and the preset operating time (7ime)
has elapsed, function goes in TRIP status and the trip signal is generated.
The protection function will exit the TRIP status and the trip signal will be cleared
when the neutral current value falls below 0.4 the setting threshold value.
5.1.10.5 Setting groups
Two parameter sets can be configured for each earth fault protection function.
5.1.10.6 Parameters and events
Table 48: Setfing values
Parameter Values Unit Default Explanation
Start value 0.05...40.00 In 0.10 Current threshold for earth fault
condition detection
Time 40...30000 ms 200 Time delay for earth fault Trip
condition detection
Table 49: Events
Code Event reason
EO Start started
E1 Start back
E6 Trip started
E7 Trip back
E18 Protection block started
E19 Protection block back
By default all events are disabled.
5.1.11 Directional earth-fault protection (single stage)

REF 542plus has two directional earth-fault protection functions, each of which can
be independently activated and configured, see the following figures.
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|
ES Sterff

—
EF>  EBuf
O TRIF|

Figure 118: Directional earth fault low

1
ES Sterff
—

EF 3  EOp
O TRIF|-

Figure 119: Directional earth fault high

Input/output description

Table 50: Input
Name Type Description
BS Digital signal (active high) Blocking signal

When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all the internal registers and timers are cleared. The protection function will then
remain in idle state until the BS signal goes low.

Table 51: Output
Name Type Description
Start Digital signal (active high) Start signal
TRIP Digital signal (active high) Trip signal
BO Digital signal (active high) Block output signal

The START signal will be activated when the measured or calculated neutral current
exceeds the setting threshold value (Start Value) and the fault is in the specified
direction.

The TRIP signal will be activated when the start conditions are true and the operating
time (7ime) has elapsed.

The Block Output (BO) signal becomes active when the protection function detects a
current exceeds the preset value and the fault direction opposite to the specified
direction.

Multifunction Protection and Switchgear Control Unit REF 542plus
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5.1.11.2 Configuration

Earthfault-Directional-High-Set

Figure 120: General

nal-High-5Set

Figure 121:  Fast /O

Output Channel different from 0 means a direct execution of the trip or general start
command, that is, skipping the FUPLA cyclic evaluation.
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Input Channel different from 0 means a direct execution of the block command, that
is, skipping the FUPLA cyclic evaluation.

Earthfault-Directional-High-Set _)_tj
General | Fastui0 Sensors | parameters | Events | Pins |
~ Metwork:
&+ Netwaork 1 O Network 2
- Current Measure
" Earth Sensor Sensor 7
(¥ Earth Calculated Sensor1,2,3
~Voltage Measure
" Residual Sensor Sensor 8
' Residual Calculated Sensor 4,5,6
0K I Cancel Apply

Figure 122: Sensors

The protection functions can operate on neutral current and residual voltage quantities
measured through dedicated sensor(s) or calculated from the current and voltage

phase components in a triple.

Multifunction Protection and Switchgear Control Unit REF 542plus
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Earthfault -Directional-High-Set

General | Fast O | Sensors Parameters | Events | ins |

Parameter Set Set1 Set 2

' isolated (sin phi)
earthed (cos phi)

[ forward O | | C forward
backward % packward
Start Value |U.1m ID.1DU 0.050 .. 40.000 * In
Time |n.2|:u:| |0.200 0.040 .. 30000 5
Voltage Uo |n.1n |o.m 002 ..070% Un

OK I Cancel

Figure 123: Parameters

Net type Parameter defining the connection to ground network typology

Direction Directional criteria to be assessed together to earth fault condition for START detection

Start Value Current threshold for earth fault condition detection

Time Time delay for earth fault Trip condition detection

Voltage UO Residual or neutral voltage threshold

(The convention used to define Trip or Block area with respect to residual voltage UO
vector is described in the following, based on the typical connection diagram of

current and voltage transformers for a generic feeder.
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Earthfault-Directional-High-Set : x|
qudlfmﬂblSm:lPuMnrs Eﬂ‘“slphs |
™ 72 E0 Start started A
[T 72 E1 Start back
= 72E2 Clear Al |
IF 723
IF 72E4 Set Defaut
I 7z2e5
[~ 72 E6 Trip started Save Defaul
[ 72 E7 Trip back
I 7268 = — Ewvent Masks ——
IF 72e8
I 7ze0 €15 E0
E 7zen 100
F 72812 Hex
IE 72213
E 72E14 E31..E6
E 72e15 0000 Hex
[T 77 Fif Rinck sional stared =l
ok | cancet | oty |
Figure 124: Events
Earthfault-Directional-High-Set i x|

General | Fast 0 | Sensors | Parameters | Events Pins |

.

IN BS Block signal
OUT Start Start
OUT Trip Trip
ouUT BO Block output

PO P P -

ok | cance Apply

Figure 125: Pins

51113 Measurement mode

All directional earth fault definite time protection functions evaluate the measured or
calculated amount of neutral current 10 and voltage U0 at the fundamental frequency.
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51114 Operation criteria

The direction is determined (hence the protection function is active) only if the neutral
voltage is above the preset threshold, that is, Voltage U0.

The way the direction is determined depends on the selected network type
(“isolated”/’earthed”).

If parameter Net type is set to isolated, then the neutral current is of capacitive type.
Then its main component is on an orthogonal projection with respect to the neutral

voltage.
t U
D
lo
Block Passive Trip
Figure 126: Operating characteristic of the earth fault directional profection

(/solated network sin @)

If parameter Net type is set to earthed, then the neutral current is of resistive type. Then
its main component is on a projection parallel to the neutral voltage.
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AQO

Block

e

Trip I

Passive

Figure 127: Operating characteristic of the earth fault directional profection
(earthed network cos @)

If all of the following conditions are true, the protection function is started.

*  Neutral voltage value is above the preset threshold (that is, Voltage U0).

*  “Significant” component of neutral current value exceeds the setting threshold
value (Start Value).

e The direction is as selected, that is, “backward”/”forward”.

When the preset threshold values (Start Value and Uo) are exceeded and the first two
conditions are true but the fault is in the opposite direction to the specified one, the
Block Output signal becomes active.

The protection function will come back in passive status and the start signal will be
cleared if the neutral current “significant” component value falls below 0.95 the
setting threshold value OR if the conditions on Neutral voltage value OR direction are
not true.

After the protection has entered the start status and the preset operating time (7ime)
has elapsed, function goes in TRIP status and the trip signal is generated.

The protection function will exit the TRIP status and the trip signal will be cleared
when the neutral current “significant” component value falls below 0.4 the setting
threshold value.

5.1.11.5 Setting groups
Two parameter sets can be configured for each directional earthfault protection
function.
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5.1.11.6 Parameters and events
Table 52: Seffing values
Parameter Values Unit Default Explanation
Net type Isolated/ - Isolated Network grounding typology.
earthed
Direction Forward/ - Backward Directional criteria.
backward
Start value 0.05...40.00 In 0.10 “Significant” component
threshold
Time 40...30000 ms 200 Operating Time between start
and trip.
Voltage U0 0.02...0.70 Un 0.10 Neutral or residual voltage
threshold.
Table 53: Events
Code Event reason
EO Protection start
E1 Start is cancelled
E6 Trip signal is active
E7 Trip signal is back to inactive
E16 Block output signal is active
E17 Block output signal is back to inactive
E18 Protection block started
E19 Protection block back

By default all events are disabled.

5.1.12 Earth fault IDMT (single stage)

The dependent earth-fault current timer protection, like IDMT, is a time-delay
function with a set of hyperbolic current-time characteristics. An earth-fault IDMT
function, in which four current-time characteristics may be selected, can be activated
in REF542:

*  Normal inverse

*  Very inverse

+  Extremely inverse and
*  Long-term inverse
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|
ES Sterft—

TRIF |-
IOAT +

Figure 128: Earth fault IDMT

Input/output description

Table 54: Input
Name Type Description
BS Digital signal (active high) Blocking signal

When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all the internal registers and timers are cleared. The protection function will then
remain in idle state until BS signal goes low.

Table 55: Outputs

Name Type Description
Start Digital signal (active high) Start signal
TRIP Digital signal (active high) Trip signal

The START signal will be activated when the measured or calculated neutral current
exceeds the setting threshold value (Base current Ieb) by a factor 1.2. The TRI P signal
will be activated when the start conditions are true and the calculated operating time
has elapsed.

Multifunction Protection and Switchgear Control Unit REF 542plus
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5.1.12.2 Configuration

Earthfault-IDMT Normal inverse

Figure 129: General

Earthfault-IDMT Normal inverse

Figure 130: Fast I/O

From 0 means a direct execution of the trip or start command, that is, skipping the
FUPLA cyclic evaluation.
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Input Channel different from 0 means a direct execution of the block command, that
is, skipping the FUPLA cyclic evaluation.

Figure 131: IDMT Type

| Earthfault-1IDMT Normal inverse

Figure 132: Sensors

The protection function can operate on measured or calculated (on any set of phase
currents in a triple) neutral currents.
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Earthfault-IDMT Normal inverse L x|

General | Fast O | IDMT Type | Sensors Parsmeters | Events | pins |

Parameter Set Set1 Set 2
Base Current (leb) : |U.5ﬂ |n.500 0.050 .. 40,000 * In
Tirme Muttiplier (k) : |U.5ur:| |U.50D 0,050 .. 1.500

Figure 133: Parameters

Base current (leb) Current threshold for overcurrent condition detection

Time multiplier (k) Parameter to vary time delay for Trip condition

The trip time is calculated according to British Standard (BS 142) when the time
multiplier k is used. When the time multiplier k is set to one (k=1) the IDMT curve is
in accordance to IEC 60255-3.
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Earthfault-1DMT Normal inverse ﬁ[

General | Fast 0 | IDMT Type | Sensors | Parameters Everts | pins |

I” 68 EO Start started B
[™ 68 E1 Start back
IF ssE2

7 saE3

7 saE4 Se
I sses
[~ 68 E6 Trip started Save Defaul
[ 68 E7 Trip back

= so €8 —
= saE8

IF ssE0

I saEn

7 saEi2

IF sae13
I saE14 ESL L EIC

[T saEis Iﬁ Hex

T rarFis il

Lk

g
:
|

Ei6 . ED
|m00 Hex

ok | camce | oo |

Figure 134: Events

Earthfault-1DMT Normal inverse ﬁ[

General | Fast 0 | IDMT Type | Sensors | Parameters | Everts Pins |

1 IN BS Block signal
2 0OUT Start Start
2 0UT Trip Trip

OK I Cancel Apply

Figure 135: Pins

51123 Measurement mode

Earth fault IDMT function evaluates the measured amount of residual current at the
fundamental frequency.
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51124 Operation criteria
Ifthe measured or calculated neutral current exceeds the setting threshold value (Base
current leb) by a factor 1.2, the protection function is started.
The protection function will come back in passive status and the start signal will be
cleared if the neutral current falls below 1.15 the setting threshold value.
When the protection enters the start status, the operating time is continuously
recalculated according to the set parameters and measured current value. If the
calculated operating time is exceeded, the function goes in TRIP status and the trip
signal becomes active.
The operating time depends on the measured current and the selected current-time
characteristic.
The protection function will exit the TRIP status and the trip signal will be cleared
when the measured or calculated neutral current value falls below 0.4 the setting
threshold value.
5.1.12.5 Setting groups
Two parameter sets can be configured for the earth-fault IDMT protection function.
5.1.12.6 Parameters and events
Table 56: Setfing values
Parameter Values Unit Default Explanation
Type NI/VI/EILTI - NI Tripping characteristic according to
the IEC 60255-3 curve definition
Base current 0.05...40 - 0.5 Fault current factor threshold for
(leb) start condition detection
Time multiplier | 0.05...1.50 - 0.50 Time multiplier to vary time delay for
(k) Trip condition according to BS 142
Table 57: Events
Code Event reason
EO Protection is start
E1 Start is cancelled
E6 Trip signal is active
E7 Trip signal is back to inactive
E18 Protection block is active
E19 Protection block is back to inactive
By default all events are disabled.
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5.1.13

5.1.13.1
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Sensitive directional earth fault protection

REF 542plus has one sensitive directional earth fault protection function (67N
Sensitive).

With respect to the two directional earth fault protection functions (67N), the 67N
sensitive protection can be configured to set the maximum sensitivity direction at a
user defined angle (4ngle delta). The only additional requirement is to acquire the
neutral current 10 through a dedicated earth transformer in order to have the proper
precision.

|
ES Skterk
—r

EQ

EF
_I_ O TEIF|

Figure 136: Sensitive directional earth fault protection

Input/output description

Table 58: Input
Name Type Description
BS Digital signal (active high) Blocking signal

When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all internal registers and timers are cleared. The protection function will then remain
in idle state until the BS signal goes low.

Table 59: Outputs
Name Type Description
Start Digital signal (active high) Start signal
TRIP Digital signal (active high) Trip signal
BO Digital signal (active high) Block output signal

The START signal will be activated when the measured residual voltage exceeds the
setting threshold value (Voltage Uo) and the neutral current is in the specified Trip
area.

The TRIP signal will be activated when the start conditions are true and the operating
time (7ime) has elapsed.
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The Block Output (BO) signal becomes active when the protection function detects
residual voltage and neutral current exceeds the preset values, but the fault (neutral
current) is in the block area (opposite to the specified direction, Angle delta).

5.1.13.2 Configuration
x|
General | Fast 10 | Sensors | Parameters | Events | pins |
Field bus address E
-~ Description
Earthfault-Directional-Sensitive -
Fast output channel
Trip 0
Start 0
Block Out 0
Fast input channel
Blockinp1 0
Blockinp2 0
Used Sensors
Network 1 ;I
QK I Cancel | Aoply |

Figure 137: General

x
General Fast IO | Sensors | Parameters | Events | pins |
~ Fast output channel
Trp [ 0.8
Start b~ 0.8
Block Out o 0.
- Fast input channel
Blocking1 b~ 0.1a
Blocking2 o 0.14

OK I Cancel Aoty

Figure 138: Fast /O
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Output Channel different from 0 means a direct execution of the trip, start or block
output command, that is, skipping the FUPLA cyclic evaluation.

Input Channel different from 0 means a direct execution of the block command, that
is, skipping the FUPLA cyclic evaluation.

Earthfault-Directional-Sensitive } x|
Genersi | Fastuo Sensors | parameters | Everts | Pins |
[~ Network
% Network 1 C Metwork 2
[ Current Measure
+ Earth Sensor Sensor 7
€ Earth Calculated Mo sensor
—Voltage Measure
" Residual Sensor Sensor
* Residual Calculated Sensor 4, 6,6
OK I Cancel

Figure 139: Sensors

The protection functions can operate on neutral current and residual voltage
quantities.

The neutral current 10 is acquired through the dedicated transformer in order to have
the proper precision. The residual voltage U0 can be either measured through a
dedicated sensor or calculated from the voltage phase components in a triple.
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Earthfault-Directional-Sensitive x|

General | Fast O | Sensors Parameters | Events | ins |

Parameter Set Set1 Set 2

Current lo [foos [fooo  0050.2000%m

Time [fooo [fooo 0100100005

Angle sipha oo oo

Angle detta o o -1s00.1800°
o

005 ..0.70* Un

00.200°

Woltage Lo 0.50

Figure 140: Parameters

Current 10 Current threshold for dir. earth fault condition detection

Time Time delay for dir. earth fault Trip condition detection

Angle alpha Parameter to improve the discrimination of the directional decision
Angle delta Angle between U0 vector and the direction of maximum sensitivity

Voltage U0  Residual or neutral voltage threshold

The convention used to define Trip or Block area with respect to residual voltage UO
vector is described in the following, based on the typical connection diagram of
current and voltage transformers for a generic feeder.
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Earthfault -Directional-Sensitive } ﬁ[
Gmﬁlfnstﬂﬂl&msl?ums Emslm |
F 58 EO Start started =
B8 E1 Start back
T saE2 Clear Al |
I ssE3
o saEs Set Defautt
I sses
[~ &8 E6 Trip started Save Defaul
[ 88 E7 Trip back
I~ eoks T [ EventMasks
= ssEs
F i £15.. €0
7 ssE2 I Hex
IF sse13
IF eaEis E3n.. 816
IE ssEt5 foooo Hex
[T 83 F1R Rinck sional stared =l
ok | camcet | ey |

Figure 141: Events

Earthfault-Directional-Sensitive 3 ﬁ[

General | Fast U0 | Sensors | Parameters | Events Pins

1 IN BS Block signal
2 0OUT Start Start

2 0UT Trip Trip

Z

ouUT BO Block output

| OK I Cancel Apply

Figure 142: Pins
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5.1.13.3

5.1.13.4

Measurement mode

Sensitive earth fault direction protection function evaluates the amount of residual
current I and voltage Uy at the fundamental frequency. All sub harmonic disturbing

signals down to 1/3 of the fundamental frequency is completely filtered out.

Operation criteria
If both the following conditions are true, the protection function is started.

*  Residual voltage value is above the preset threshold (voltage UO).
*  Neutral current value is in the trip area of the protection function.

If the condition of the voltage UO is true, but the neutral current value is in the block
area, the protection function remains idle and the Block Output signal becomes active.
When the neutral current value is in the passive area both the Start and Block signals
are inactive.

The protection function will come back in passive status and the start signal will be
cleared if the neutral current OR residual voltage value fall below 0.95 the setting
threshold value.

After the protection has entered the start status and the preset operating time (7Time)
has elapsed, function goes in TRIP status and the trip signal is generated.

The protection function will exit the TRIP status and the trip signal will be cleared
when the neutral current OR residual voltage value fall below 0.4 the setting threshold
value. To ensure the required sensitivity and discrimination for the earth fault
detection, in its implementation in REF 542plus the operating characteristic is formed
with additional adjustability. The following diagram shows the shape of the operating
characteristic.

Multifunction Protection and Switchgear Control Unit REF 542plus 153

Protection Manual



Section 5

1MRS755860 G
Protection functions

i
\ Lo
\
\
\
\
—~am| OL \(
\
1
Block Passive Trip
Figure 143: Operating characteristic of the earth fault directional sensitive

profection for isolated network (¢ = 90°)

’{ Block 0= 180°

L il
e D

Passive
+ S— E
Trip /

Figure 144. Operating characteristic of the earth fault directional sensitive
protection for earthed network (¢ = 180°)

The value of 9 (that is Angle delta between UO vector and the direction of maximum
sensitivity) can be configured in the range from -180° to 180°. This provides the
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option of using the earth fault directional sensitive protection for every type of
network grounding situation. Assuming that the connection is done according to the
recommended connection diagram, the setting can be selected as follows:

* 0 =90° for isolated network
* 0 =180° for earth fault compensated or resistance earthed network.

The “significant” component of neutral current is its projection on the direction of
maximum sensitivity. Neutral current value is in the trip or block area when the
“significant” component exceeds the setting threshold value (Current 10).

The other parameter a, that is, Angle alpha, is used to improve the discrimination of
the directional decision.

5.1.13.5 Setting groups

Two parameter sets can be configured for the sensitive directional earth-fault
protection function.

5.1.13.6 Parameters and events
Table 60: Setfing values
Parameter Values Unit Default Explanation
Current 10 0.05...2.00 In 1.00 Earth fault current threshold
Time 115...10000 ms 1000 Operating Time between start
and trip
Angle alpha 0.0...20.0 ° 20.0 Discrimination of the directional
decision
Angle delta -180.0...180.0 ° 0.0 Angle between U0 and maximum
sensitivity direction
Voltage UO 0.05...0.70 Un 0.50 Neutral or residual voltage
threshold
Table 61: Events
Code Event reason
EO Protection is start
E1 Start is cancelled
E6 Trip signal is active
E7 Trip signal is back to inactive
E16 Block output is active
E17 Block output is back to inactive
E18 Protection block is active
E19 Protection block is back to inactive
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By default all events are disabled.

5.1.14 Sector directional earth fault protection

REF 542plus can install up to 10 sector directional earth fault protection functions
(67N Sector). The value of Sector Angular Width (that is Angle A between UO vector
and the direction of maximum sensitivity) can be configured in the range from -180°
to 180°. This provides the option of using the sector directional earth fault protection
for every type of network grounding situation (isolated, earthed or compensated).

With respect to the sensitive directional earth fault protection function (67N
Sensitive), the 67N Sector protection enables:

*  Multiple instances (1...10 different stages)

*  Fully configurable sensor interface, enabling 10 and U0 quantities to be directly
acquired through dedicated transformers or calculated from the current/voltage
phase components

»  Direction enable/disable configuration, it can be used as earth fault (non-
directional) protection

»  Start criteria based on neutral current Magnitude or Basic Angle to set the
maximum sensitivity direction at a user defined angle Sector Basic Angle.

*  Angular sector Trip area configurable by a user defined angle. Sector Angular
Width.

*  Neutral current and residual voltage configurable Start Drop-off delays to enable
stable protection operation during transients, as in the presence of intermittent
arcing phenomena.

1

ES Sterff
—

EQF

EF
_I_ O TEIF|-
Stage 1

Figure 145: Sector directional earth fault protection

5.1.14.1 Input/output description
Table 62: Input
Name Type Description
BS Digital signal (active high) Blocking signal

When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
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all internal registers and timers are cleared. The protection function will then remain
in idle state until the BS signal goes low.

Table 63: Outputs
Name Type Description
Start Digital signal (active high) Start signal
TRIP Digital signal (active high) Trip signal
BO Digital signal (active high) Block output signal

The START signal will be activated when the measured residual voltage exceeds the

setting threshold value (Voltage Uo) and the neutral current is in the specified Trip
sector.

The TRIP signal will be activated when the start conditions are true and the operating
time (Time) has elapsed.

The Block Output (BO) signal becomes active when the protection function detects
residual voltage and neutral current exceeding the preset values, but the fault (neutral
current) is in the block area (opposite to the specified direction, Sector Basic Angle).

5.1.14.2 Configuration

Earthfault Directional Sector B ﬁl

General | Fast 0 | Seftings | Sensors | Parameters | Everts | pins |

Field bus address fiso Stage |1 -|

Earthfault Directional Sector Stage 1 -

Fast output channel

Trip 0
Start 0
Block Out o

Fast input channel
Blockinp 0
BlockInp2 0

Used Sensors
Metwork 1 ;I

Figure 146: General
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Earthfault Directional Sector : _!ﬂ

General Fast IO | settings | Sensors | Parameters | Events | pins |

~ Fast output channel
Trip M o.s
Start b~  o.s
Block Out b~  o.s
~Fast input channel
Biockinp1 b 0.14
Blockinp2 b 0.14

ok | cance Apply

Figure 147: Fast I/O

Output channel different from 0 means a direct execution of the trip, start or block
output command, that is, skipping the FUPLA cyclic evaluation.

Input Channel different from 0 means a direct execution of the block command, that
is, skipping the FUPLA cyclic evaluation.

Stage order can be reassigned with the Stage drop-down list in the General tab.

Earthfault Directional Sector i x|

Genersl | Fast O | Seftings Swmslpymmlhﬁslﬂhs |

-~ Metwork
o C Networl: 2

- Current Measure
% Earth Sensor Sensor 7
" Earth Calculated Sensor 1,2, 3

—Voltage Measure
% Pesidual Sensor Sensor 8
" Residual Calculated Sensor 4, 6,6

QK I Cancel Aeply

Figure 148: Sensors
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The protection functions can operate on neutral current and residual voltage
quantities.

The neutral current 10 and the residual voltage U0 can be either measured through a
dedicated sensor or calculated from the current and voltage phase components in a
triple.

evaluated in the in the Parameters tab taking into account the whole
analog input acquisition chain. A warning is issued if the preset
threshold does not satisfy this check.

ﬂ In order to assure the proper precision the Start values settings are

Earthfault Directional Sector ) ﬂ

Genersl | Fast 11O Mm3|ms|mmas|5ms|m |
¥ Direction Enabile

Start Criteria -

' Neutral Current Magritude!

" Meutral Current Basic Angle

oK I Cancel

Figure 149: Settings
The Settings tab provides the main options for the operation of the protection:

*  The Direction Enable checkbox provides the option of deactivating the
directional criteria. When it is not checked, the protection behaves as earth fault
(non-directional) protection and all the parameters relevant to the sector are
disabled. Only the Current Start Drop-off option is still available.

»  The Start Criteria options enable to select between two different criterion on how
to monitor the neutral current 10. The diagrams below show how this feature
works:

. Neutral Current magnitude, when selected, the measured magnitude of the
neutral current phasor is compared to the preset threshold Iy, (Neutral

Current Start Value).
. Neutral Current Basic Angle, when selected, the component [y, of the

measured neutral current phasor in the direction of the Basic Angle oy,
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(direction of maximum sensitivity ) is compared to the preset threshold I
(Neutral Current Start Value).

Uo &

Start lo

Pazziwe

Figure 150: Neutral Current Magnitude
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Figure 151 Neutral Current Basic Angle behavior

The “significant” component of neutral current is its projection Iy, on the direction of
maximum sensitivity ¢p. Neutral current value may enter the trip or block area when
the “significant” component exceeds the setting threshold value (Neutral Current
Start Value).
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x
General | Fast O | Settings | Sensors  Parameters | everts | Pins |
Parameter Set Set 1 Set 2
Neutral Currert Start Value (lo): [0y  [1000  0.002..8.000 *In
Residual Voltage Start Value (Uo): [0500  [0500 0,004 ..0.700* Un
Operating Time @) : [foo [0 30..60000ms
Sector Basic Angle - o o -s00.1800°
Sector Angular Width : 800  [1800  0.0.36800°
Current Start Drop-off delay - b Jo  0.1000ms
‘okage Start Drop-off delay b [ o.1000ms

e

Figure 152:

Neutral Current Start Value (10)

Residual Voltage Start Value (U0)

Operating Time (t)

Sector Basic Angle

Sector Angular Width
Current Start Drop-off delay

Voltage Start Drop-off delay

Parameters

Current threshold for directional earth-fault condition detection
Voltage threshold for directional earth-fault condition detection
Time delay for dir. earth-fault Trip condition detection

Angle ¢, between U0 vector and the bisector (direction of maximum
sensitivity)

Angle defining the angular Trip area (sector)

Delay to the reset of Start condition with intermittent earth-fault
current

Delay to the reset of Start condition with intermittent residual voltage

Angles are referenced to the voltage phasor U in a clockwise convention.

The convention used to define Trip or Block area with respect to residual voltage UO
vector is described in the following, based on the typical connection diagram of
current and voltage transformers for a generic feeder.
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Gmdlfuif(}lmlw:l?umdm Evu!slm |
rr: 190 EQ Start started =
190 E1 Start back

IF 1s0E2 Clear Al |

IF 1s0E3

IF 1s0E4 Set Defaut

IF 1s0E5

™ 190 E6 Trip started Save Default

™ 190 E7 Trip back

I 1a0Es e et Aaatcs

¥ 150 E3

I7 190 €10 E16 . ED

IF 130 E11 100

¥ 120 E12 Hecx

IF 12013 i

[T 190 E14 i

IF 120 E15 o000 pex

[ 190 F1A Rinck sinnal started hd

ok | cancet | o |
Figure 153: Events
Earthfault Directional Sector i ﬂ
General | Fast 0 | Setings | Sensors | Parameters | Everts Pins |
L0 ([T IN BS Block signal
2 0UT Start Start
H 2 0UT Trip Trip
2 0UT BO Block output
ok | cancel Apply
Figure 154. Pins
5.1.14.3 Measurement mode

Multifunction Protection and Switchgear Control Unit REF 542plus
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Sector directional earth fault protection function evaluates the amount of residual
current I and voltage U at the fundamental frequency.
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5.1.14.5

164

Operation criteria

When the directional criteria is not active (Direction Enable; checkbox NOT checked)
in the following description only the condition on neutral current value magnitude is
evaluated (that is, compared with setting threshold value Neutral Current Start
Value).

If both the following conditions are true, the protection function is started.

*  Residual voltage value is above the preset threshold (that is, Residual Voltage
Start Value UO0).
*  Neutral current phasor is in the trip area (sector) of the protection function.

If the condition of the voltage UO is true but the neutral current phasor is in the block
area, the protection function remains idle and the Block Output signal becomes active.
When the neutral current phasor is in the passive area both the Start and Block signals
are inactive.

The protection function will come back in passive status and the start signal will be
cleared (when both Current Start Drop-off time and Voltage Start Drop-off time are
zero and therefore inactive) if the neutral current or residual voltage value fall below
0.95 the setting threshold value or the neutral current phasor exits the activation area
(Trip or Block area).

After the protection has entered the start status and the preset operating time (7ime)
has elapsed, function goes in TRIP status and the trip signal is generated.

The protection function will exit the TRIP status and the trip signal will be cleared
when the neutral current or residual voltage value fall below 0.4 the setting threshold
value or the Neutral current phasor exits the activation area.

Trip and Block areas

To ensure the required sensitivity and discrimination for the earth fault detection, in
its implementation in REF 542plus the operating characteristic is formed with
additional adjustability.

The following diagrams show the shape of the operating characteristic. The protection
behaves differently depending on the Neutral Current Start Criteria selected.

If Neutral Current magnitude Start Criteria is selected, the trip area and the block area
are 360° complementary, the passive area is the circle of preset threshold radius (that
is, Neutral Current Start Value).

Multifunction Protection and Switchgear Control Unit REF 542plus
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Magnitude

Magnitude U

A

lns

Figure 155: Operating characteristic of the sector directional earth fault
protection function, Neutral Current Magnitude

If Neutral Current Basic Angle Start Criteria is selected, the behavior is dependent on
the angle A defining the angular Trip area (Sector Angular Width).

*  Aop <180°, the block area corresponds to the semiplane opposite to the trip area.

* Ao <180°, the trip area is limited to 180°, the block area is 360° complementary
to the preset Sector Angular Width Ag, the passive area around includes parts of
the Sector Angular Width in the plane opposite to the trip area.

Due to directionality of the criterion, no Neutral current phasor even if exceeding
preset threshold value with component Iy, , “significant” component of neutral current

projected on the direction of maximum sensitivity ¢y, opposite to @y, can start the
protection function.

Basic Angle Basic Angle

Passive

Figure 156: Operating characteristic of the sector directional earth fault
protection function, Neutral Current Basic Angle
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The start criteria (Magnitude Vs. Basic Angle) changes significantly
the shape of passive, block and trip areas.

Start drop-off delay function

To ensure the required sensitivity and discrimination for the earth fault in order to
avoid flickering of the Start signal in case of intermittent currents and voltages two
drop-off delay timers have been provided to delay the reset of the start status.

If the drop-off delay timer is active (t>0), the protection function will not come back
in passive status and the start signal will not be cleared when the relevant Start
condition falls below 0.95 the setting threshold.

Thus, after the protection has entered the start status the start status is sustained. After
the preset operating time (7ime) has elapsed, the function goes in TRIP status and the
trip signal is generated if the start status is still sustained and the start conditions are
again verified.

Ifthe voltage Start drop-off time is set to a value different from zero when the residual
voltage drops-off (Uo falls below 0.95 the setting threshold value) the start status will
be reset after the voltage start drop-off time is elapsed. If voltage is lacking for a time
interval shorter than voltage start drop-off time the start output will not be affected by
the voltage shortage.

Drrop-off period

ot —\*’l_\ |

“oltage Drop-off timer

Figure 157: Voltage Delayed Start Drop-Off

Similarly, if the current start drop-off time is set to a value different from zero when
the neutral current phasor drops-off (exit the trip area) the start status will be reset after
the current start drop-off time is elapsed. If the neutral current phasor stays out of the
activation area for a time shorter than current start drop-offtime the Start output won’t
be affected.
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Drop-off period

‘................. - ’
Meutral current Phasar
Start

Current Drogp-off timer

Figure 158: Current delayed start drop-off

5.1.14.7 Setting groups
Two parameter sets can be configured for the sector directional earth fault protection
function.
5.1.14.8 Parameters and events
Table 64: Setting values
Parameter Values Unit Default Explanation
Neutral current 0.002...8.00 In 1.000 Earth fault current threshold
start value 10
Residual voltage | 0.004...0.700 Un 0.500 Residual voltage threshold
start value U0
Operating time t 30...60000 ms 500 Operating time between start
and trip
Sector basic -180.0...180.0 ° 0.0 Angle between U0 and
angle maximum sensitivity direction
Sector angular 0.0...360.0 ° 360.0 Angle defining the angular Trip
width area
Current startdrop/| 0...1000 ms 0 Start reset delay for intermittent
off delay current 10
Voltage start 0...1000 ms 0 Start reset delay for intermittent
drop/off delay voltage U0
Table 65: Events
Code Event reason
EO Protection is start
E1 Start is cancelled
E6 Trip signal is active
E7 Trip signal is back to inactive
E16 Block output is active
E17 Block output is back to inactive
E18 Protection block is active
E19 Protection block is back to inactive
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By default all events are disabled.

Voltage protection

Overvoltage protection

There are three overvoltage definite time protection functions in REF 542plus, which
can be independently activated and parameterized. See the following figures.

|
ES Sl
5L

SLI-
TRIF |-

AEEN

Figure 159: Overvoltage instantaneous

|
ES Sl
5L

5Li
TEIF |-

Ll

Figure 160: Overvoltage high

ES SL1-
Sl

5L
TEIF |-

LI

Figure 161: Overvoltage low

Input/output description

Table 66: Input
Name Type Description
BS Digital signal (active high) Blocking signal

When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
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all the internal registers and timers are cleared. The protection function will then
remain in idle state until the BS signal goes low.
Table 67 Outouts
Name Type Description
SL1 Digital signal (active high) Start signal of IL1
SL2 Digital signal (active high) Start signal of IL2
SL3 Digital signal (active high) Start signal of IL3
TRIP Digital signal (active high) Trip signal
S L1,S L2andS L3 are the phase selective start signals. The phase starting signal
will be activated when the respective phase (line) voltage start conditions are true
(voltage exceeds the setting threshold value).
The TRIP signal will be activated when at least for a phase voltage the start conditions
are true and the operating time has elapsed.
5.21.2 Configuration

General | Fast 10 | Sensors | Parameters | Events | Pins |

Field bus address E‘l

[~ Description

Ower-Voltage-High-Set

Fast output channel
Trip 0
GenStart 0

Fast input channel
BlockInp 0
Block Inp2 i

Used Sensors
Metwark 1
Line 1-2 (Sensor 4, Sensor 5)

Figure 162: General
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Figure 163: Fast I/O

Output Channel different from 0 means a direct execution of the trip or start command,
that is, skipping the FUPLA cyclic evaluation.

Input Channel different from 0 means a direct execution of the block command, that
is, skipping the FUPLA cyclic evaluation.

Over-Yoltage-High-Set

Figure 164: Sensors
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The protection functions can operate on any combination of phase (or line) voltages
in a triple, for example, it can operate as single phase or double phase, three-phase
protection on voltages belonging to the same system.

Over-Yoltage-High-Set N .EI

General | Fast O | Sensors Parameters | events | pins |

Parameter Set Set 1 Set2
Start Value |D.50CI ID.SDD 0.100 .. 3.000 * Un
Tirne |D.EIBU |D.DBU 0.040 .. 300000 s

OK | Cancel

Figure 165: Parameters

Start Value Voltage threshold for overvoltage condition detection

Time Time delay for overvoltage Trip condition detection

Multifunction Protection and Switchgear Control Unit REF 542plus 171

Protection Manual



Section 5 1MRS755860 G
Protection functions

Over-Yoltage-High-Set i x|

General | Fast 10 | Sensors | Parameters Events | pins |

™ 61 E0 Start L1 started £
Clear Al |

[™ 51 E1 Start 11 back

[™ B1 E2 Start L2 started
[™ B1 E3 Start L2 back

™ ©1 E4 Start L3 started Set Defaut
[™ ©1 ES Start L3 back
™ &1 E6 Trip started Save Defaul
™ &1 E7 Trip back
[” &1 E8 General start started ek Masks —
™ 61 E3 General start back
7 &1 €10 E16 . ED
= &1 1 -

|UI)0

7 &1 E12 Hex
IF &1 E13
I— &1 Ei4 E31 .. E16

IZ s1E15 |0000 Hex

7 a1 F16 il

Figure 166: Events

Over-Yoltage-High-Set 5]

General | Fast /0 | Sensors | Parameters | Everts Pins |

IN BS Block signal
OUT StartL1 StartlL1
OUT StartL2 StartlL2
OUT StartL3 StartL3
OUT Trip Trip

N NN -

OK I Cancel Aopliy

Figure 167: Pins

5213 Measurement mode

Overvoltage protection functions evaluate the phase or line voltage RMS value at the
fundamental frequency.
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521.4

5.2.1.5

Operation criteria

If the measured voltage exceeds the setting threshold value (Start Value), the
overvoltage protection function is started. The start signal is phase selective. It means
that when at least the value of one phase voltage is above the setting threshold value
the relevant start signal will be activated.

The protection function will remain in START status until there is at least one phase
started. It will come back in passive status and the start signal will be cleared if for all
the phases the voltage falls below 0.95 the setting threshold value. After the protection
has entered the start status and the preset operating time (7ime) has elapsed, the
function goes in TRIP status and the trip signal is generated.

The protection function will exit the TRIP status and the trip signal will be cleared
when the measured voltage value falls below 0.4 the setting threshold value.

The overvoltage protective functions, like the overcurrent protective functions, are
used in a time graded coordination. An example of grading is shown in the following
diagram.

- -

tu>> F———— R e et

tU>> }F———— F————fF————

Figure 168: Overvoltage response grading.

Setting groups

Two parameter sets can be configured for each of the overvoltage protection
functions.
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5.2.1.6 Parameters and events
Table 68: Seffing values
Parameter Values Unit Default Explanation
Start Value U>, 0.1...3.00 Un 0.50 Voltage threshold for Start
u>> condition detection
Time 40...300000 ms 80 Time delay for Trip condition
Start Value U>>> | 0.1...3.00 Un 0.50 Voltage threshold for Start
condition detection
Time 15...300000 ms 80 Time delay for Trip condition
Table 69: Events
Code Event reason
EO Protection start on phase L1
E1 Start on phase L1 cancelled
E2 Protection starton phase L2
E3 Start on phase L2 cancelled
E4 Protection start on phase L3
E5 Start on phase L3 cancelled
E6 Trip signal is active
E7 Trip signal is back to inactive state
E18 Block signal is active
E19 Block signal is back to inactive state

By default all events are disabled.

5.2.2 Undervoltage protection

There are three undervoltage protection functions in REF 542plus, which can be
activated and parameters set independently of one another. See the following figures.

|

ESSL1-

Sl

SLil-

TRIF |-
Ll

Figure 169: Undervoltage instantaneous
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|
ESSL1
5Lt

5L13
TEIF
1<

Figure 170:

Undervoltage high

|
ES 5LA
5Lt

5L1
TEIF

LI

Figure 171:

Undervoltage low

Input/output description

Table 70: Input
Name Type Description
BS Digital signal (active high) Blocking signal

When the BS signal becomes active, the protection function is reset no matter its state.
It means that all the output pins go low generating the required events, if any, and all
the internal registers and timers are cleared. The protection function will then remain

in idle state until the BS signal goes low.

Table 71: Outputs

Name Type Description
S L1 Digital signal (active high) Start signal of IL1
SL2 Digital signal (active high) Start signal of L2
SL3 Digital signal (active high) Start signal of IL3
TRIP Digital signal (active high) Trip signal

S L1,S L2andS L3 are the phase selective start signals. The phase starting signal
will be activated when respective phase (line) voltage start conditions are true (voltage

falls below the setting threshold value).

The TRIP signal will be activated when at least for a phase voltage the start conditions

are true and the operating time has elapsed.
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5.2.2.2 Configuration

Under-¥Yoltage-High-5Set

Figure 172: General

Figure 173: Fast I/O

Output Channel different from 0 means a direct execution of the trip or start command,
that is, skipping the FUPLA cyclic evaluation.
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Input Channel different from 0 means a direct execution of the block command, that
is, skipping the FUPLA cyclic evaluation.

Under-Yoltage-High-Set ) .E_I

General | Fast O | Under Votage  Sensors | parameters | Events | Pins |

~ Network:
% Netwaork 1 C Network:

~Works on
” Phase * Line

~ Measures
¥ Line1-2 Sensor 4, Sensor §
¥ Lne 23 Sensor 6, Sensor 6
v Line 34 Sensor 6, Sensor 4

Figure 174. Sensors

The protection functions can operate on any combination of phase (or line) voltages
in a triple, for example, it can operate as single phase, double phase or three-phase
protection on voltages belonging to the same system.
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Under-¥oltage-High-Set x|
General | Fast i | Under Yoltage | Sensors  Parameters | Events | Pinz |
Parameter Set Set Set 2
Start Value M [osw D.080 .. 1.200* Un
Time |0.uau |c|.usu 0.040 .. 300.000 s
OK I Cancel Aaply
Figure 175: Parameters
Start Value Voltage threshold for undervoltage condition detection
Time Time delay for undervoltage Trip condition detection
x|
Gmu|5muo|ummm|w=|mmﬂ Emsl?hs I
I™ 64 EO Start L1 started |
™ 64 E1 Start L1 back
™ 64 E2 Start L2 started Clear Al |
™ &4 E3 Start L2 back
I” 54 E4 Start L3 started Set, Defauf
™ B4 E5 Start L3 back
[ 64 E6 Trip started Save Defaul
[ B4 E7 Trip back
I” 64 E8 General start started = P Bt Maate —
[ 64 E9 General start back
JE 54 €10 l E16 . ED
= &4 E11 100
7 4 E12 Hex
T saE1a
= saEis ol
T saEis oooo ™ pex
IF raF1m =l
ok | cancet | oy |
Figure 176: Events
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Under-Yoltage-High-Set ] x|
Gmﬁdl Fast UOl L.hdtr‘-‘ologel Ser':sorsl Parm-:rsl Everts Fins |
1 IN BS Block signal
Wik | (2 OUT StartLl StartLl
™2 OUT Startl?2 StartL2
2 0UT Startl3 Startl3
2 O0UT Trip Trip
ok | cancel
Figure 177: Pins
5.2.2.3 Measurement mode
Undervoltage protection functions evaluate the phase or line voltage RMS value at the
fundamental frequency.
5224 Operation criteria
If the measured voltage falls below the setting threshold value (Start Value), the
undervoltage protection function is started. The start signal is phase selective. It
means that when at least the value of one phase voltage is below the setting threshold
value the relevant start signal will be activated.
The protection function will remain in START status until there is at least one phase
started. It will come back in passive status and the start signal will be cleared, if for all
the phases the voltage raises above 1.05 the setting threshold value. After the
protection has entered the start status and the preset operating time (7ime) has elapsed,
function goes in TRIP status and the trip signal is generated.
The protection function will exit the TRIP status and the trip signal will be cleared
when the measured voltage value falls below 0.4 the setting threshold value.
The undervoltage protection functions are used in a graded coordination. An example
of staging is shown in the following diagram.
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U< fF-———p———vT F—————
I I
T B B
I |
I |
tU<<< pb———— I e e
| | |
| | | -
U< U<< U<<< U
Figure 178: Undervoltage protection response stages
5225 Behavior at low voltage values

Under-¥oltage-High-Set N x|

Genersl | Fast 0 Under Votage | Sensors | Parameters | Everts | pins |

™ lowest voltage = 0 used

Ok I Cance Apply

Figure 179: Under Voltage

Because a de-energized feeder has no voltage, an undervoltage protection function
remains activated. It is not be possible then to switch the feeder on again.
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Therefore, the Under Voltage tab provides the option of deactivating the undervoltage
protection functions when the voltage is in the range 0 to 40% of the setting voltage
threshold (Start Value).

The diagrams below shows how this feature works when the “lowest voltage = 0" flag

is checked:
Ya Ug

Uy Ly
Usgper Usgpert
0.4Ugpary 0.4 Ugpary

|

Undervoltage limit =0 Underoltage limit=0

MOT used used

Figure 180: Configuration of the undervoltage limit = 0

If 40% is considered too high, the undervoltage function can also be blocked, for
example, through the circuit-breaker auxiliary contact by connecting a signal (high at
CB open) to the BS input pin inside FUPLA.

5.2.2.6 Setting groups
Two parameter sets can be configured for each of the undervoltage protection
functions.
5.2.2.7 Parameters and events
Table 72: Setfing values
Parameter Values Unit Default Explanation
lowest voltage = | used/not - not used When “used” the U< functions are
0 used used active below the 0.4 Start Value
Start Value U<, 0.05...1.20 Un 0.50 Voltage threshold for Start
U<< condition detection
Time 40...300000 ms 80 Time delay for Trip condition
Start Value U<<<| 0.05...1.20 Un 0.50 Voltage threshold for Start
condition detection
Time 15...300000 ms 80 Time delay for Trip condition
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Table 73: Events
Code Event reason
EO Protection start on phase L1
E1 Start on phase L1 cancelled
E2 Protection start on phase L2
E3 Start on phase L2 cancelled
E4 Protection start on phase L3
E5 Start on phase L3 cancelled
E6 Trip signal is active
E7 Trip signal is back to inactive state
E18 Protection block signal is active state
E19 Protection block signal is back to inactive state

By default all events are disabled.

Residual overvoltage protection

There are two residual overvoltage protection functions in REF 542plus, which can be
independently activated and parameterized. See the following figures.

EF St

TEIF
Ll 2

Figure 181:

Residual overvoltage high

EfF &

TRIF

e

Figure 182:

Residual overvoltage low

Input/output description

Table 74: Input
Name Type Description
BS Digital signal (active high) Blocking signal
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5.23.2

When the BS signal becomes active, the protection function is reset no matter its state.
This means that, all the output pins go low generating the required events, if any, and
all the internal registers and timers are cleared. The protection function will then

remain in idle state until the BS signal goes low.

Table 75: Outputs

Name Type

Description

Start Digital signal (active high)

Start signal

TRIP Digital signal (active high)

Trip signal

The START signal will be activated when the measured or calculated residual voltage
exceeds the setting threshold value (Start Value).

The TRIP signal will be activated when the start condition is true and the operating

time (7ime) has elapsed.

Configuration

Residual-Over-¥oltage-High-Set __

General | Fast 10 | Sensors | Parameters | Events | Pins |

Field bus address Ea

[ Description

Residual-Over-Voltage-High-Set

Fast output channel
Trip 0
Start 0

Fast input channel
BlockInp1 0
Blockinp2 0

Used Sensors
MNetwork: 1
Residual Calculated (Sensors 4, 5, 6)

o]

Figure 183: General
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Figure 184 Fast I/O

Output Channel different from 0 means direct a execution of the trip or start command,
that is, skipping the FUPLA cyclic evaluation.

Input Channel different from 0 means a direct execution of the block command, that
is, skipping the FUPLA cyclic evaluation.

Figure 185: Sensors
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The protection functions can operate on residual voltage measured through a
dedicated sensor (for example, open delta connected voltage transformers) or
calculated from the voltage phase (line) components in a triple.

Residual-Dver-¥oltage-High-Set x|

Geersl | Fast 0 | Sensors  Parameters | Events | pins |

Operating

Status IM

Trip reset mode Ilnstantanenus j

Pararmeters
Parameter Set Set 1 Set 2

Start Walue IU.SDD ID.SDEI 0.050 .. 3.000* Un

Def. aperate time Iu,usu Iu_usu 0020 . 300000 =
Reszet time (Tr) IIZI.IZIDIZI ID.DIZID 0.000 .. 100.000 =

QK I Cancel Ay

Figure 186: Parameters

Status Setting for enabling/disabling the function

Trip reseft mode “Instantaneous” = The reset time is applied only to the START signal and the TRIP
signal drops off instantaneously when the fault disappears, that is, the fault clearance
resets the function.

“Delayed” = The reset time is applied also to the TRIP signal. The TRIP drop off is
delayed by applying the DT reset time characteristic.

Start Value Voltage threshold for residual overvoltage condition detection

Def, operate Time delay for residual overvoltage Trip condition detection
fime

Reset time (Tr) Reset time delay for the residual overvoltage drop-off condition (“0” means no reset
time delay to be applied)
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Residual-Over-¥oltage-High-Set ﬁ[

General | Fast 10 | Sensors | Parameters Events | pins |

I" 82 E0 Start started B
[T 82 E1 Start back

F s2e2

I s2E3

I s2E4 Se
I s2es
[~ 82 E6 Trip started Save Defaul
[ 82 E7 Trip back

I o286 .
T s2E8

IF szE0

IF szen

F sz2E12

IF s2m13
I s2E14 ESL L EIC

IF s2e15 Iﬁ Hex

W a2 Fi8 il

Lk

g
:
|

Ei6 . ED
|m00 Hex

ok | camce | oo |

Figure 187: Events

Residual-Over-¥oltage-High-Set ﬁ[

General | Fast 0 | Sensors | Parameters | Events Pins |

1 IN BS Block signal
2 0OUT Start Start
2 0UT Trip Trip

OK I Cancel Apply

Figure 188: Pins

5233 Measurement mode

Residual overvoltage protection functions evaluate the residual voltage at the
fundamental frequency.
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5.2.3.4 Operation criteria
If the measured voltage exceeds the setting threshold value (UNe), the residual
overvoltage protection function is started.
The protection function will come back in passive status and the start signal will be
cleared if the voltage falls below 0.95 the setting threshold value.
After the protection has entered the start status and the preset operating time (7ime)
has elapsed, the function goes in TRIP status and the trip signal is generated.
The protection function will exit the TRIP status and the trip signal will be cleared
when the measured voltage value falls below 0.4 the setting threshold value.
5.2.3.5 Setting groups
Two parameter sets can be configured for each of the residual overvoltage protection
functions.
5.2.3.6 Parameters and events
Table 76: Setfing values
Parameter Values Unit Default Explanation
Start Value 0.10...3.00 Un 0.50 Voltage threshold for Start
condition detection
Def. operate 20...300000 ms 50 Time delay for Trip condition
time
Reset time (Tr) | 0...100000 ms 0 Reset time delay for the residual
overvoltage drop-off condition
Table 77: Events
Code Event reason
EO Start started
E1 Start back
E6 Trip started
E7 Trip back
E18 Protection block started
E19 Protection block back
By default all events are disabled.
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Overvoltage average protection

There are two overvoltage average protection functions in REF 542plus, one instance
for each configured network. They can be independently activated and parameterized.
See the following figures.

ES
—RsT START L1~
—IHIT START L2 -
LU=ALIG START L3 -
GEM.STHET [

TRIF |-

Figure 189: Net 1

ES
—R=T START L1
—IHIT STRRT L2 |-
LU=ALIG START L3 -
GEH.STHRT -

TRIF [

Figure 190: Net 2

Input/output description

Table 78: Inputs

Name Type Description
BS Digital signal (active high) Blocking signal
RST Digital signal (active low-to-high) Reset average values signal
INIT Digital signal (active low-to-high) Init average values signal

When the BS signal becomes active, the protection function is reset regardless of its
state. This means that all the output pins go low, generating the required events, if any,
and all the internal registers and timers are cleared. The protection function remains
in the idle state until the BS signal goes low.

When the RST signal is triggered, the protection function resets the voltage average
measurement values.

When the INIT signal is triggered, the protection function initializes the voltage
average measurement values with the actual RMSg/12¢ycles VOltage values. This input
could be used either after the start-up or during the protection testing to
instantaneously set the initial condition of test without waiting that the measurement
reaches the requested initial value.
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The RST/INIT command is not performed when protection is blocked.
Table 79: Outputs
Name Type Description
START L1 Digital signal (active high) Start signal U_L1E/ U_L12
START L2 Digital signal (active high) Start signal U_L2E/ U_L23
START L3 Digital signal (active high) Start signal U_L3E/ U_L31
GEN.START | Digital signal (active high) General start signal (logical OR
combination of all start signals)
TRIP Digital signal (active high) Trip signal
START L1, START L2 and START L3 are the phase selective start signals. The
phase starting signal is activated when the respective phase (line) average voltage start
conditions are true, that is, voltage exceeds the setting threshold value.
The TRIP signal is activated when the start conditions are true at least for a phase
voltage and the trip delay time has elapsed.
5.24.2 Configuration
|
Fast i I Sensors I Parameters I Ewentz I Pinz I
Field bus address 295
— Descrigtion
Ower-Waltage-Lverage Met 1 =
Faszt output channel
Trip a
Genstart 0
Fazt input channel
Elock Ingr o
Block g2 a
Used Sensors
Metmark 1
Phaze 1 (Sensar 1) LI
Ok I Cancel | Aol |
Figure 1917: General
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Over-Yoltage-Average Net 1 . ﬂ

| Sensors | Parameters | Eweritz | Pins |

General

— Fast output channel

Trip [0 o8
GenStart o 0.8

— Fast input channel

BlackIngpd IU o.14
Blocklngp2 ID 0.14

Ok I Cancel Al

Figure 192: Fast I/O

Output Channel different from 0 means a direct execution of the trip or start command,
that is, skipping the FUPLA cyclic evaluation.

Input Channel different from 0 means a direct execution of the block command, that
is, skipping the FUPLA cyclic evaluation.

Although the Fast I/Os are not significant for this protection, they are
configurable to be compliant with all the other protections.
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Over-Yoltage-Average Net 1 E x|

General | Fast /0 Sensors |F‘arameters| Everts | Fins |

— Metwark
& etwark 1 ! petwork 2

—uiarks aon

" Phaze

— Mezssures

¥ Line1-2 Senszor 1, Sensor 2

V¥ Line 2-3 Sensor 2, Sensor 3

¥ Line 3-1 Senzor 3, Senzor 1

Ok I Cancel Apply

Figure 193: Sensors

The protection functions can operate on any combination of phase (or line) voltages
in a triple, for example, as a single phase, double phase or three-phase protection on
voltages belonging to the same network.
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Over-Yoltage-Average Net 1 ﬂ

General | Fast 110 | Sensors  Parameters |E\ter'rts| Fins

Operating
Status -
Time Interuial [io " 1.120min
Refre=h Time (Tref) ISU— 3

Parameters
Parameter Set Set 1 Set 2
Start Value [fao0 fraoo @400 3000 Un
Trip Delay Muttiplier |1— |1— 0..100 * Tref
Ttip Delay Time ISD— ISD— s

(8134 I Cancel | Aol

Figure 194: Parameters

Status
Time Interval

Refresh Time (Tref)

Start Value
Trip Delay Multiplier

Trip Delay Time

Operating status
Time interval for average voltage calculation

The refresh time depends on the time interval setting (see Calculation of RMSg,
fresh VOltages) and it is shown to make the parameter setting more user-friendly.

Voltage threshold for overvoltage condition detection

The trip delay setting is expressed as a multiplier of the refresh time to ensure that
it is a multiple of this time.

This value, Refresh Time (Tref) multiplied by 7rjp Delay Multiplier, is shown to
provide user-friendly feedback on the trip delay setting.

and so on) does not affect the average voltage values, that is, it is

ﬂ Changing of the Time Interval by a parameter session (HMI, remote,

assumed that they are valid also for the new time interval.
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Over-Yoltage-Average Net 1 . ﬂ

Generall Fast I.l'Ol Sensorsl Parameters Ewerts |Pins |

[ 295 EO Start L1 started A ;
[T 295 E1 Start L1 back

[T 295 E2 Stert L2 started Clear Al
[T 235 E3 Start L2 back

[T 295 E4 Start L3 started Set Defaul |

[T 285 E5 Start L3 back

|- 285 E6 Trip started Save Default |

[ 285 E7 Trip back

[ 285 E5 General start started T mom s ——
[ 235 E9 General start back
[T 295 E10 e
[T 295 EN S
I 285 E12 =z
[C 235 E13
Ee E31 .. E16
[C 295 E15 0000 Hex
[T o9s AR LI
Ok | Cancel | Al |

Figure 195: Events

x
General | Fast I'D | Sensors | Parameters | Ewerts  Pins |
o 34 IN RAST Reset average values
qeer s (13 1N INIT Init average values with
—IHIT START L2 |-
UAG sTaET L3 16 IN BS Block signal
SEEREL| (38 OUT  Start L1 Start L1
37 OUT StartlL2 Start L2
36 OUT StartL3 Start L3
42 0OUT GEN.START General start
11 OUT Trip Trip
1| | »
’Tl Cancel Aeply

Figure 196: Pins

5243 Measurement mode

The method of calculating average voltage measurement values is based on standard
IEC 61000-4-30 and is performed by three successive aggregations.
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1. The voltage input samples are aggregated to calculate the RMSg/12¢ycles

voltages.
2. The RMSg/jo¢ycles VOltages are aggregated to get an intermediate value

(RMSgefresh) used to refresh the final average value.
3. The RMSRgefesh Values are aggregated to obtain the final average value

(RMSAverage)'

The calculated RMS 4 yerqge VOltage values can be selected as LED bar measurements

and into the Analog Threshold FUPLA function. They have also been added to the CB
trip context measurements set.

Calculation of RMSg/12¢ycles VOltages

The RMS¢/12¢ycles VOltages are calculated by applying the standard RMS formula

using the voltage samples at 1200 Hz (10/12 cycles = 200 ms = 240 samples at 1200
Hz).

Case A

Protection works on phase-to-earth voltages or on phase-to-phase voltages directly
connected to the relay.

RMS

10/12cycles —

(Equation 19)

S Sample value at 1200 Hz relative to the input voltage

Case B

Protection works on phase-to-phase voltages calculated from the two connected
phase-to-earth input voltages.

R M 81 0/12cycles =

(Equation 20)

Sx, Sy Sample values at 1200 Hz relative to the two phase-to-earth input voltages used for phase-to-
phase voltage calculation
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Calculation of RMSRgefresh VOltages

The RMSgefesn voltages are calculated by aggregating the RMS /1 2¢ycles 0N an
interval that depends on the Time Interval parameter (T pyerage)- This interval
represents the refresh time of the final measurement (Tgefesn) and is given by:

T Average

T
Refresh — RoundUp 2—00

(Equation 21)
The RoundUp() function rounds up the result of the division to the nearest time
multiple of T1/12¢ycles (0.2 5). This is necessary because the result of the division is not
a multiple of 0.2 s in case of odd Time Interval settings (1, 3,5, ..., 119). The T yerage
divisor (200) represents the maximum number of items reserved to the buffer for

calculating the final measure. This number has been chosen to be compatible with the
standard that provides a T pyerage Of 10 minutes with a 3 second refresh time.

Therefore, the number of elements to be reserved for the buffer is:

10min
3s

=200

(Equation 22)

The RMSgcfesh VOltages are calculated by applying the standard RMS formula using
the RMSo/12¢ycles-

N
Z RMS1 0/120ycles2 ( I)
RMS, E

efresh — N
(Equation 23)

N is the number of elements to be aggregated given by:

T

N — Refresh

T

10/12cycles
(Equation 24)

Table 80 contains the relevant average voltage refresh time (rounded up, in case of odd
time interval, to be a multiple of 0.2 s) for each configurable Time Interval.

Table 80: Average voltage refresh times and the corresponding configurable fime infervals

Time Interval Time Interval Time Interval

[min] [min] [min] TRefresh [S]

TRefresh [S] TRefresh [S]

1 0.4 41 12.4 81 244

0.6 42 12.6 82 24.6

2
3 1 43 13 83 25
4 1.2 44 13.2 84 25.2

5 1.6 45 13.6 85 25.6

Table continues on next page
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Tim?nl]ri\rt‘;arval TRefresh [S] Tim([er:]ri\rt‘]erval TRefresh [S] Tim?nl]ri\rt‘]erval Trefresh [S]
6 1.8 46 13.8 86 25.8
7 2.2 47 14.2 87 26.2
8 2.4 48 14.4 88 26.4
9 2.8 49 14.8 89 26.8
10 3 50 15 90 27
11 3.4 51 15.4 91 27.4
12 3.6 52 15.6 92 27.6
13 4 53 16 93 28
14 4.2 54 16.2 94 28.2
15 4.6 55 16.6 95 28.6
16 4.8 56 16.8 96 28.8
17 5.2 57 17.2 97 29.2
18 5.4 58 17.4 98 29.4
19 5.8 59 17.8 99 29.8
20 6 60 18 100 30
21 6.4 61 18.4 101 30.4
22 6.6 62 18.6 102 30.6
23 7 63 19 103 31
24 7.2 64 19.2 104 31.2
25 7.6 65 19.6 105 31.6
26 7.8 66 19.8 106 31.8
27 8.2 67 20.2 107 32.2
28 8.4 68 20.4 108 32.4
29 8.8 69 20.8 109 32.8
30 9 70 21 110 33
31 9.4 71 21.4 111 33.4
32 9.6 72 21.6 112 33.6
33 10 73 22 113 34
34 10.2 74 22.2 114 34.2
35 10.6 75 22.6 115 34.6
36 10.8 76 22.8 116 34.8
37 11.2 77 23.2 117 35.2
38 11.4 78 23.4 118 35.4
39 11.8 79 23.8 119 35.8
40 12 80 24 120 36
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524.4

5.24.5

Calculation of RMSayerage Voltages

The RMS o yerage VOltages are calculated by applying the standard RMS formula using
RMSRefresh~

N
2 .
Z R M SHefresh (I )
RMSAverage = = N
(Equation 25)

N is the number of elements to be aggregated given by:

Refresh

T

(Equation 26)

The Round() function rounds the result of the division to the nearest integer if T ayerage
is not a multiple of Trefesh-

Operation criteria

If the measured average voltage exceeds the setting threshold value (Start Value), the
overvoltage average protection function is started. The start signal is phase selective.
It means that when at least one average voltage value is above the setting threshold
value, the relevant start signal is activated.

The protection function remains in the START status until at least one phase is started.
The status returns to PASSIVE and the start signal is cleared if, for all the phases, the
voltage falls below the setting threshold value. After the protection has entered the
START status and the preset trip delay time (multiple of) has elapsed, the function
goes in TRIP status and the trip signal is generated. In TRIP status the start signals
remain frozen to identify the fault phases at the instant of the trip.

The protection function exits the TRIP status and the trip/start signals are cleared
when all the measured average voltages fall below 0.96 of the setting threshold value.

Considering the slow dynamic of the measurement, the protection
may remain in the START status for a long time. This time period
could exceed the maximum allowed duration of the latest START
situation (ms). In this case, the START event is shown in the HMI
events page with this value.

Setting groups

Two parameter sets can be configured for each of the overvoltage average protection
functions.
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5.24.6 Parameters and events
Table 81: Seffing values
Parameter Values Unit Default Explanation
Status On/Off On Operating status
Time Interval 1...120 Min. 10 Time interval for average voltage
calculation
Start value 0.1...3.00 Un 1.1 Average voltage threshold for
U>avg Start condition detection
Trip Delay 0...100 Tref 1 Trip delay expressed as a
Multiplier multiple of refresh time
Table 82: Events
Code Event reason
EO Protection start on phase L1
E1 Start on phase L1 cancelled
E2 Protection start on phase L2
E3 Start on phase L2 cancelled
E4 Protection start on phase L3
E5 Start on phase L3 cancelled
E6 Trip signal is active
E7 Trip signal is back to inactive state
E8 Protection general start (logical OR combination of all start signals)
E9 General start is cancelled
E18 Block signal is active
E19 Block signal is back to inactive state
E20 Reset signal is active (set to 0)
E21 Reset signal is back to inactive state
E22 Initialization signal is active (set to actual )
E23 Initialization signal is back to inactive state

5.3

5.3.1

198

By default all events are disabled.

Motor protection

The protection functions described in the following subsections are provided for
protection of the motor from overloads and faults.

Thermal overload protection

REF 542plus has one thermal overload protection function.
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Figure 197: Thermal overload protection
5.3.1.1 Input/output description
Table 83: Inpufts
Name Type Description
BS Digital signal (active high) Blocking signal
RST Trigger signal (active low-to-high) Reset signal
When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all the internal registers and timers are cleared. The protection function will then
remain in idle state until the BS signal goes low.
When the reset input pin (RST) is triggered, the estimated motor temperature is set to
the parameter value Trst (Reset Temperature Trst).
Table 84: Outputs
Name Type Description
Warn Digital signal (active high) Warning signal
TRIP Digital signal (active high) Trip signal
Overheat Digital signal (active high) Overheat signal
Sensor Error | Digital signal (active high) Error on RTD (used with 0...20 mA input)
The WARN signal will be activated when the calculated temperature exceeds the
setting threshold value (Twarn).
The TRIP signal will be activated when the calculated temperature exceeds the
setting threshold value (Ttrip).
The Overheat signal will be activated when the calculated temperature exceeds the
setting threshold value Nominal Motor Temperature (TMn).
The Sensor Error signal will be activated when the external Environment
Temperature (Tenv) sensor use is set and its failure is detected.
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5.3.1.2 Configuration

| Thermal-Overload

Figure 198: General

} Thermal-Overload

Figure 199: Fast I/O

Output Channel different from 0 means a direct execution of the trip command, that
is, skipping the FUPLA cyclic evaluation.
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Input Channel different from 0 means a direct execution of the block command, that
is, skipping the FUPLA cyclic evaluation.

Thermal-Overload I x|

General | Fastui0 Sensors | parameters | Parameters | Everts | Pns |

-~ Metwaork

+ Netwiork 1 © Network 2

* Phase € Line

[ Measures
¥ Phase 1 Sensor 1
¥ Phase 2 Sensor 2

¥ Phase 3 Sensor 3

Figure 200: Sensors

The protection function operates on any combination of phase currents in a triple, for
example, it can operate as single phase, double phase or three-phase protection on
phase currents belonging to the same system.

An external sensor connected to the 4-20 mA Analog Input can directly measure the
environment temperature. When it is used, it is automatically selected and displayed
in the General tab.
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Thermal-Overload x|

General | Fast O | Sensors  Parameters | parameters | Everts | Pns |

Parameter Set Set1 Set 2
Morninal Motor Temperature (Thn) |15| |100 50 .. 400 deg.C

Mominal Motor Current (IMn) : |1 000 |1 000 0.100 .. 5000 In
Intial Ternperature (Tini) © |5CI |50 10 .. 400 deg.C
Tirne Constant Off (1 <01 M) : IEJII ISOO 10 .. 100000 =

Wees Constant Noveel |50E| |500 10 .. 20000 =

(0.1 IMn <= 1 <= 2 IMn) :

Time Constant Owerheat (| > 2IMn) |50CI |5m 10 .. 20000 =

OK I Cancel Apply

Figure 201: Parameters

Nominal Motor Temperature (TMn) Nominal Motor Temperature, asymptotically reached at IMn with
environment temperature Tenv

Nominal Motor Current (IMn) Nominal Motor current for operational condition detection
Initial Temperature (Tini) Initial motor temperature at protection initialasing
Time Constant Off Time constant for cooling down
Time Constant Normal Time constant for motor operational condition
Time Constant Overheat Time constant for overload condition
202 Multifunction Protection and Switchgear Control Unit REF 542plus
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Thermal-Overload

General | Fast O | Sensors | Parameters Parameters | Everts | pns |

Parameter Set Set 1 Set2

Trip Temperature (Thrip) : f100] j1oo 50 ..
Warning Temperature (Twarn) © |10 froo 50 ..
Enwironment Temperature (Tenv) [20 j20 10,
Reset Temperature (Trst) : j100 100 10 ..

400 dea.C
400 deg.C
50 deg.C
400 deg.C

Figure 202: Parameters

Trip Temperature (Ttrip)

Warning Temperature (Twarn)

Environment Temperature (Tenv) Ambient temperature

Reset Temperature (Trst)

Multifunction Protection and Switchgear Control Unit REF 542plus
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Temperature threshold for trip condition

Temperature threshold for warning condition

Initial (i.e. after reset by RST input PIN) motor temperature
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Thermal-Overload )

General | Fast 0 | Sensors | Porameters | Parameters Everts | pins |

™ 74 E0 Waming started
[™ 74 E1 Warning back
IF 7462

e

4l

T 7s€3
o 7464 Set Defautt
F 7ae5
[~ 74 E6 Trip started Save Defaul
[™ 74 E7 Trip back
I 7ae0 T - Evert Masks —
T 74ea8
RS S
foooo

7 7412 Hecx
IE 7413
F 74E14 ESL L EIC
IC 7am15 Iﬁ Hex
[T 74 F1R Ower heat started =l

| cancet | appy

Figure 203: Events

Thermal-Overload

General | Fast 0 | Sensors | Parameters | Parameters | Everts Pins |

<

OVERHEAT

s [[T N RST
ol ;9 ::TIUT e
[ |2 OUT WARNING
2 OUT Trip
2 ouT

SENSOR ERROR Ambient temperature s¢

Reset function

Block signal
Temperature over the n
Warning

Trip

Figure 204. Pins
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5.3.1.3

5.3.1.4

Measurement mode

Thermal overload protection function evaluates the square average of phase currents
at the fundamental frequency. The instantaneous temperature estimation is based on
the average of the phase currents monitored.

The environment temperature can either be set in the Parameter tab (Tenv) or
measured through as external sensor and a 4-20 mA Analog Input. In case of an
external measure failure the set parameter Tenv is used as backup.

Operation criteria

The thermal overload protection function estimates the instantaneous value of motor
temperature.

If the estimated instantaneous temperature exceeds the first setting threshold value
(Twarn), the protection function enters the START status and generates a WARNING
signal.

Ifthe estimated instantaneous temperature exceeds the second setting threshold value,
the protection function generates a TRIP signal.

If the estimated instantaneous temperature exceeds the setting threshold value
(Nominal Motor Temperature TMn), the protection function generates an overheat
signal.

The protection function will exit the START status and come back in passive status.
The start signal will be cleared if the estimated temperature falls below the setting
threshold value Twarn.

The protection function will exit the TRIP status and the trip signal will be cleared
when the estimated temperature falls below the setting threshold value Ttrip.

The protection function avoids also reconnection after a trip of overheated machines
until the estimated motor temperature falls below the warning temperature Twarn
(according to calculated motor cooling process, based on Time Constant OFF).

When the thermal overload protection is instantiated the motor temperature can be
estimated. Therefore, after a trip for maximum number of starts, an overheated motor
cannot be reconnected until its temperature has fallen below the warning temperature
(Twarn). Therefore, the time to decrement the number of start counters will be the
maximum between the setting time interval (Reset Time, t rst) and the motor cooling-
down time estimation.

If the protection function is reset by means of the reset input pin (RST), the estimated
motor temperature will be set to value Trst (Reset Temperature).
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5.3.1.5 Thermal memory at power-down
At power-down, REF 542plus saves the estimated motor temperature (T) and at
subsequent power-up is able to estimate the new motor temperature, under the

hypothesis that the motor was cooling in the meantime (that is the timeconstant OFF
is used).

5.3.1.6 Setting groups

Two parameter sets can be configured for the thermal overload protection function.

5.3.1.7 Parameters and events

Table 85: Setfing values

Parameter Values Unit Default Explanation
Nominal Motor 50...400 °C 100 Motor temperature at rated
Temperature (TMn) condition
Nominal Motor Current | 0.1...5.0 In 1.0 Current for operational mode (1)
(IMn) detection
Initial Temperature 10...400 °C 50 Initial temperature after Reset
(Tini) Signal at BS
Constant Off 10...100000 s 500 Cooling time constant
(1< 0.1 x IMn)
Time Constant Normal 10...20000 s 500 Time constant under normal load

condition
Time Constant 10...20000 S 500 Time constant under overload
Overheat (I > 2 x IMn) condition
Trip Temperature (Ttrip) | 50...400 °C 100 Temperature threshold for Trip
condition

Warning Temperature 50...400 °C 100 Temperature threshold for warn
(Twarn) condition
Environment 10...50 °C 20 Ambient Temperature
Temperature (Tenv)
Reset Temperature 10...400 °C 100 Initial (after reset by RSTPIN) motor
(Trst) temperature

Table 86: Events

Code Event reason
EO Warning signal is active
E1 Warning signal is back to inactive state
E6 Trip signal is active
E7 Trip signal is back to inactive state
E16 Overheat signal is active
E17 Overheat signal is back to inactive state
E18 Protection block signal is active

Table continues on next page
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Code Event reason
E19 Protection block signal is back to inactive state
E20 Reset input signal is active
E21 Reset input signal is back to inactive state
E22 Sensor error is active
E23 Sensor error is back to inactive state

By default all events are disabled.

5.3.2 Motor start protection

REF 542plus has one motor start protection function.

|
ES STRRT

B0

roTak TRIF-
STAET

Figure 205: Motor start protection

5.3.2.1 Input/output description
Table 87: Inputs
Name Type Description
BS Digital signal (active high) Blocking signal

When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all internal registers and timers are cleared. The protection function will then remain
in idle state until the BS signal goes low.

Table 88: Outputs
Name Type Description
Start Digital signal (active high) Start signal
TRIP Digital signal (active high) Trip signal
BO Digital signal (active high) Block output signal

The START signal will be activated when the current exceeds 10% motor nominal
current value IMn and within 100 ms the setting threshold value (Motor Start IMs).
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5.3.2.2

208

The TRIP signal will be activated when the start conditions are true and the calculated

current-time integration (Is2 x Time) is exceed.

The Block Output (BO) signal becomes active at protection initialization until when
the current exceeds 10% motor nominal current value IMn.

Configuration

General | Fast O | Sensors | Parameters | Events | Pins |

Field bus address E

Mator-Start-Protection

Fast output channel
Trip
Start
Block Out o

a0

Fast input channel
Blockinp1 (i}
Blockinp2 0

Used Sensors
Metwork 1

Figure 206: General
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Motor-Start-Protection I

General Fast IO | Sensors | Parameters | Events | pins |

- Fast output channel
Trip fol 0.8
Start o 0.8
Block Out o 0.8
~ Fast input channel
Blockinpi o 0.14
Blockinp2 o 0.14
ok | cancel Epply
Figure 207: Fast /O

Output Channel different from 0 means a direct execution of the trip command, that
is, skipping the FUPLA cyclic evaluation.

Input Channel different from 0 means a direct execution of the block command, that
is, skipping the FUPLA cyclic evaluation.

Motor-Start-Protection I

General | Fast 10 Sensors | parameters | Events | pins |

x|

~ MNetwork:
&+ Network 1

O Metwork 2

[ 5 Lirpe

W Fhaseq
W Prase2

¥ Fhasea

Sensor 1
Sensor 2
Sensor 3

OK I Cancel

Apply

Figure 208:

Sensors

The protection function operates on any set of phase currents in a triple.
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Motor-Start-Protection x|

General | Fast U0 | Sensors  Parameters | Everts | ins |

Morniral Motor Current (IMn) © |1 [EH 0.200.. 2000 * In

Parameter Set Set1 Set2

Start Value (Is) : |1 000 1 000 1.000 ., 20,000 * IMn
Tirne [toooo [roo00 0.040 .. 300,000 s
Motor Start (IMs) : |o_?oc| o700 0.200..0800* Is

oK I Cancel Apply

Figure 209: Parameters

Nominal Motor Current (IMn) Nominal Motor current for operational condition detection

Start Value (1Is) Motor start current for Trip condition detection (start energy integral I2t)
Time Time for Trip condition detection
Motor Start (IMs) Current threshold for motor start condition detection
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Gomrﬁl !-'ut!.fol Smsl Parameters Events |Pns |
F 80 EQ Start started £
80 E1 Start back
IF aoE2 Clear Al |
I soE3
I &0 €4 Set Defautt
I= eoEs
[ 80 E6 Trip started Save Defaul
[ &0 E7 Trip back
IE soEs e et Aaatcs
¥ soes
e s 0
7 soE12 0000 Hex
IF soE13
= soEis ESLLEIC
I soeis Iﬁ Hex
[T &N F1f Rinrk sinnal started =
oK | Cancel | 2pply |
Figure 210: Events
Motor-Start-Protection x|
General | Fast 0 | Sensors | Parameters | Everts Pins |
1 IN BS Block signal
80 OUT Start Stant
2 OUT Trip Trip
2 0UT BO Block output
OK I Cancel Apply
Figure 211 Pins
5.3.2.3 Measurement mode

Motor start protection function evaluates the current at the fundamental frequency.

Multifunction Protection and Switchgear Control Unit REF 542plus

Protection Manual

211



Section 5 IMRS755860 G
Protection functions

The maximum measured motor current Irps max 1S used to detect Start and Trip
conditions.

The motor start behavior depends on the switching torque of the specific machine

load. The manufacturer assigns an allowable current-time start integral It for motors
or, as an alternative, information on the maximum allowable start current and the
maximum allowable start time is provided.

5.3.24 Operation criteria

A motor start is detected if:

*  The maximum measured motor current exceeds 0.10 the setting threshold value
nominal motor current (Nominal Motor Current IMn)

*  Within 100 ms later the measured motor current exceeds the setting motor start
detection (Motor Start IMs). When a motor start is detected the protection is
started, the start signal is activated and the current-time integral

[iceydr
(Equation 27)

is calculated.

The protection function will come back in passive status and the start signal will be
cleared if the maximum motor current falls below 0.95 the setting motor start
detection threshold value (IMs). At that time, calculation of current-time integral is
stopped.

After the protection has entered the start status and the calculated current-time
integration exceeds the default

2
.7
(Equation 28)

value, where:

* I is Start current parameter (Start Value Is)
* T is Time parameter (7ime)

the function goes in TRIP status and the trip signal is generated.

The protection function will exit the TRIP status and the trip signal will be cleared
when the measured current value falls below 0.95 the setting motor start detection
threshold value (IMs).

5.3.2.5 Setting groups

Two parameter sets can be configured for the motor start protection function.
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5.3.2.6 Parameters and events
Table 89: Seffing values
Parameter Values Unit Default Explanation
Nominal Motor 0.20...2.00 In 1.00 Motor nominal current for Start condition
Current (IMn)
Start Value (Is) 1.00...20.00 IMn 1.00 Trip condition detection (integral 12t)
Time 40...300000 ms 10000 Time for integral Trip condition
Motor Start (IMs) 0.20...0.80 Is 0.70 Current threshold for Start condition
Table 90: Events
Code Event reason
EO Protection start
E1 Start cancelled
E6 Trip signal is active
E7 Trip signal is back to inactive state
E16 Block signal is active
E17 Block signal is back to inactive state
E18 Protection block signal is active state
E19 Protection block signal is back to inactive state
By default all events are disabled.
5.3.3 Blocking rotor
|
ES SLiF
[EI:] Sl
Sl
gLock TRIF -
ROTOR
Figure 212: Blocking rotor
5.3.3.1 Input/output description
Table 91: Input
Name Type Description
BS Digital signal (active high) Blocking signal

Multifunction Protection and Switchgear Control Unit REF 542plus
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When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all internal registers and timers are cleared. The protection function will then remain
in idle state until the BS signal goes low. This input can be assigned to the speed
indicator signal (tachometer generator or a speed switch).

Table 92: Outputs

Name Type Description
S L1 Digital signal (active high) Start signal of IL1
SL2 Digital signal (active high) Start signal of IL2
SL3 Digital signal (active high) Start signal of IL3
TRIP Digital signal (active high) Trip signal

S L1,S L2andS L3 are the phase selective start signals. The phase starting signal

will be activated when respective phase current start conditions are true (one phase
current exceeds Start Value Is).

The TRIP signal will be activated when at least for a phase current the start conditions
are true and the operating time has elapsed.

5.3.3.2 Configuration

=
General | Fast 0 | Sensors | Parameters | Events | pins |

Field bus address @

[~ Description =1
Blocking-Rotor -

Fast output channel
Trip 0
GenStart 0

Fast input chaninel

Blockinp1 0
Blockinp2 o
Used Sensors
MNetwork 1
Phase 1 (Sensor 1) ;I

Figure 213: General
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Figure 214. Fast l/O

Output Channel different from 0 means a direct execution of the trip or start command,
that is, skipping the FUPLA cyclic evaluation.

Input Channel different from 0 means a direct execution of the block command, that
is, skipping the FUPLA cyclic evaluation.

Figure 215: Sensors
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The protection function operates on any combination of phase currents in a triple, for
example, it can operate as single phase, double phase or three-phase protection on
phase currents belonging to the same system.

Blocking-Rotor N .EI

General | Fast O | Sensors  Parameters | events | ins |

Morninal Motor Currert (IMn) : 1 o0d] 0200 ..2000* In
Parameter Set Set 1 Set 2

Start Value (1) : 1000 000 1.000 .. 20,000 * IMn
Time [toooo [10.000 0.040 .. 30,000 s

Figure 216: Parameters

Nominal Motor Current (IMn) Nominal Motor current

Start Value (Is) Current threshold for motor start condition detection
Time Time delay for Trip condition detection
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xl

Wudlfmﬂolwslwwws Eﬂ‘ﬂslphs |

Fasms:mu started £

86 E1 Start L1 back

[~ 86 E2 Start L2 started Clear Al |
[~ 86 E3 Start L2 back

[ 86 E4 Start L3 started Set Defaut

™ 86 E5 Start L3 back

[~ 86 E6 Trip started Save Defaul

[ 86 E7 Trip back

[" 86 EB General start started ~ Evant Masks —
[ 86 E9 General start back

I ssE10 E16 . ED

I ssEn 100

i 85 E12 Hex

= ssE13

T 85 E14 £31..E16

IE 85 E15 0000 Hex

I re F1R =

ok | cancet | o |

Figure 217: Events

Blocking-Rotor i x|

General | Fast 0 | Sensors | Parameters | Everts Pins |

b 1 IN BS Block signal
) 2 O0OUT StartLl StartlLl
ok 2 O0OUT Startl2 Startl2
2 O0OUT StartL3 Startl3
81 OUT Trip Trip

OK I Cancel Apply

Figure 218: Pins

5333 Measurement mode

Blocking rotor protection function evaluates the current at the fundamental frequency.
It operates like an overcurrent protection function.
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The blocking rotor protective function is used to detect a locked rotor condition by
sensing the current increase arising from the loss of synchronism between the rotor
revolving and phase voltages.

It can be used to monitor the starting characteristics of three-phase asynchronous
motors to check whether the rotor braking is on and other conditions preventing the
motor to speed up. If this malfunction occurs, the starting current would flow
permanently and the motor would be thermally overloaded.

5.3.34 Operation criteria

The blocking rotor protection function can be blocked on the BS input. The blocking
input can be provided by a speed switch or by the start signal output from the motor
start protection function.

A tachometer generator or a speed switch is used to send a defined signal at a specified
speed. If the rotor of the monitored motor is locked, the missing speed signal will
ensure that the overcurrent function in the protective function will continue to remain
active.

The protection function can also be used without a speed signal by using the start
signal output from the motor start protection function to block it during the motor
starting phase. When the motor start condition is detected the blocking rotor function
is blocked by the BS input.

If the measured current exceeds the setting motor starting threshold value (Start
Value, Is), the protection function is started. The start signal is phase selective It means
that when at least the value of one phase current is above the setting threshold value
the relevant start signal will be activated (SL. 1, SL. 2 or SL. 3).

The protection function will remain in START status until there is at least one phase
started. It will come back in passive status and the start signal will be cleared if for all
the phases the current falls below 0.95 the setting threshold value. After the protection
has entered the start status and the preset operating time (7ime) has elapsed, function
goes in TRIP status and the trip signal is generated.

The protection function will exit the TRIP status and the trip signal will be cleared
when the measured current value falls below 0.4 the setting threshold value.

5.3.3.5 Setting groups

Two parameter sets can be configured for the blocking rotor protection functions.
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5.3.3.6 Parameters and events
Table 93: Seffing values
Parameter Values Unit Default Explanation
Nominal Motor | 0.20...2.00 In 1.00 Nominal Motor current
Current IMn
Start Value Is 1.00...20.00 Imn 1.00 Current threshold for motor start condition
detection
Time 40...30000 ms 10000 Time delay for Trip condition detection
Table 94: Events
Code Event reason
EO Protection start on phase L1
E1 Start on phase L1 cancelled
E2 Protection start on phase L2
E3 Start on phase L2 cancelled
E4 Protection start on phase L3
E5 Start on phase L3 cancelled
E6 Trip signal is active
E7 Trip signal is back to inactive state
By default all events are disabled.
5.3.4 Number of starts

REF 542plus has an additional motor protection function that supervises the number
of motor starts. It distinguishes between the cold and warm starts, the allowable
number which is generally provided by the motor manufacturer. The starting signal
(START output) of the motor start protection function is used to count the starts.

|
ES 5l
WAERH

HF.of TRIF
STRETS

Figure 219:

Number of starts
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5.3.4.1

220

Input/output description

Table 95: Inputs
Name Type Description
BS Digital signal (active high) Blocking signal
Sl Trigger signal (active high) Motor start signal

When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all internal registers and timers are cleared. The protection function will then remain
in idle state until the BS signal goes low.

The ST signal is used to provide to the number of start function the start signal output
from the motor start protection function by wiring the connection in FUPLA. Itis used
to count the motor number of starts.

Table 96: Outputs

Name Type Description
Warn Digital signal (active high) Warning signal
TRIP Digital signal (active high) Trip signal

The WARN signal will be activated when the cold (or warm) starts counter reaches the
setting threshold value maximum number of starts (Ncs and Nws respectively).

The TRIP signal will be activated when the cold (or warm) starts counter exceeds the
setting threshold value maximum number of starts (Ncs and Nws respectively).
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5.34.2 Configuration
"-un:'!'.vz of Starts
Figure 220: General
"-uu:'!'.r: of Starts
Figure 221: Fast I/O
Output Channel different from 0 means a direct execution of the trip or start command,
that is, skipping the FUPLA cyclic evaluation.
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Input Channel different from 0 means a direct execution of the block command, that
is, skipping the FUPLA cyclic evaluation.

Number of Starts i x|

General | Fastuo Parameters | Everts | pins |

Parameter Set Set 1 Set2

Max Num. of Warm Starts (Nws): ] 1 1.10

Max Num of Cold Starts (Nes): [t |1 1.10

Reset Time ( rst) : [fooo  [000  1.00.720000s
Warm Start Temp.Thveshold (Tws): [50  [j0  20.200°C

QK I Cancel Apply

Figure 222: Parameters

Max Num. of Warm Starts (Nws)  Motor manufacturer declared N° of starts above temperature
threshold Tws

Max Num. of Cold Starts (Ncs) Motor manufacturer declared N° of starts below temperature
threshold Tws
Reset Time (¢ rst) Cooling down motor time; time to dissipate the heat of a motor start
Warm Start Temp. Threshold Above Tws temperature threshold a start is assumed to be warm
(Tws)
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Number of Starts ) _!ﬂ

General | Fast 0 | Porameters Events | pins |

meamsmw
87 E1 Start back
IF a7e2 Clear Al |
IF s7E3
I5 &7 € Set Defautt
I s7es5
[ 87 E6 Trip started Save Defaul
[ &7 E7 Trip back
IF e7es e et Aaatcs
F &7 E9
87 E10

I s7en Elaaty
IF s7E12

IE 8713

™ 87 E14 Warning started
[ 87 E15 Warning back 0000 Hex

I a7 E18 hd

|»

Figure 223: Events

Number of Starts ) _!ﬂ

General | Fast O | Parameters | Everts Pins |

1 IN Si Motor Input
1 IN BS Block signal
2 O0UT WARNING Warning

82 OUT Trip Trip

OK I Cancel Apply

Figure 224. Pins

5343 Measurement mode

Number of starts protection function supervises the motor number of starts. The
starting signal of motor start protection function is used to count starts.
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It is also important to distinguish between the cold and warm starts, the allowable
number of which is generally provided by the motor manufacturer.

Motor temperature estimated by the thermal overload function is used to determine
whether a start is cold or a warm. When the thermal overload function is not
instantiated, a cold start is assumed.

5.34.4 Operation criteria

If thermal overload protection is not enabled, the estimated machine temperature is
not available and the warm counter is not increased (the warm counter is frozen to
zero). In this case, all the counted starts are classified as cold.

When the thermal overload protection is enabled the estimated motor temperature is
compared with the setting temperature threshold (Warm Start Temp. Threshold Tws).
Above Tws temperature thereshold a start is assumed to be warm, below it is assumed
to be a cold start.

At every motor start (detected by the motor start protection function), depending on
the type of start (warm or cold start) the related counter is incremented by one unit. At
every warm start, both the warm counter and the cold counter are incremented. Cold
starts to increment only the cold counter.

If no start has occurred after the setting time interval (Reset Time, ¢t rst) it is assumed
that the motor had time to cool down and both the cold and warm start counters are
decremented by one unit.

If the preset number of warm (Max Num. of Warm Starts, Nws) or respectively of cold
starts (Max Num. of Cold Starts, Ncs) is reached, the protection function is started and
the relevant warning signal will be activated. If there is another start, the protection
function will enter the TRIP status and the trip signal will be activated.

If the protection function is in TRIP status and the above condition is satisfied, the
protection function will exit the trip status and the trip signal will be cleared. The
protection function is in TRIP status and the trip signal remains active until the reset
period t rst has expired. Then both cold and warm start counters are decremented and
the trip signal will be cleared.

The protection function will exit START status, come back in passive status and the
start signal will be cleared, if the cold and warm counters fall below the respective
maximum setting values Ncs and Nws, that is after the reset period t rst has expired.

5.3.4.5 Setting groups

Two parameter sets can be configured for the number of starts protection functions.
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5.3.4.6 Parameters and events
Table 97: Seffing values
Parameter Values Unit Default Explanation
Max num. of warm 1...10 - 1 Number of starts above Tws

starts (Nws)

Max num. of cold 1...10 - 1 Number of starts below Tws
starts (Ncs)

Reset time (t rst) 1.00...7200.0 | s 30.00 Time to cool down after a start
0
Warm start temp. 20...200 °C 80 Temperature threshold to define a
threshold (Tws) warm start
Table 98: Events
Code Event reason
EO Protection start
E1 Start cancelled
E6 Trip signal is active
E7 Trip signal is back to inactive state
E14 Warning signal is active
E15 Warning signal is back to inactive state
E18 Block signal is active
E19 Block signal is back to inactive state

By default all events are disabled.

5.4 Distance protection

541 Distance protection V1

Distance protection V1 is dedicated to protect a meshed medium-voltage system or a
simple high-voltage system. Version V1 is compatible with the distance protection of
the previous releases.

DISTANCE <2
PROTECTION-U1  srRRT LI
STRRTLE [

STRRTLI|

ERRTHSTRRT |
GENERALSTART -

TRIF

SIGHAL COME 0

Figure 225: Distance protection
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5411

226

Input/output description

Table 99: Inputs
Name Type Description
BL Digital signal (active high) Blocking signal
SIGNAL COMP Digital signal (active high) Signal comparison scheme

When the BL signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all internal registers and timers are cleared. The protection function will then remain

in idle state until the BL signal goes low.

Table 100: Outputs
Name Type Description
<zZ1 Digital signal (active high) Z1 signal used for signal comparison
START L1 Digital signal (active high) Start signal in L1
START L2 Digital signal (active high) Start signal in L2
START L3 Digital signal (active high) Start signal in L3
EARTH START Digital signal (active high) Start Earth signal
GENERAL START | Digital signal (active high) General start signal
TRIP Digital signal (active high) Trip signal
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54.1.2 Configuration
distance protection |
Field bus address 81 —Pins
BI: 1
—netkbype ——— used sensors 71 < o
™ high chmic % 11 1-3, Uk 45 SL1: i
% |ow ohmic 0 1 4-6, L 1-3 D23 z
S L3 Z
—earth skark———— EST: 2
3 &T: Z
N> used s 5
& IN> unused signal i
—switching onko Faults
" normal Behaviour
i~ overreach zone used
{* trip after occurance of general skark
Cutput Channel: ID [0.. 1&6]
signal cormp.tire sk 1 |3|:| 30, 300000 ms
signal comp.kire set 2 I 30 30 ., 300000 ms
Startvalues Zones Events..,
Phaseselection Zancel
Earthfactaors (a4

Figure 226: General

Output Channel different from 0 means direct execution of the trip command, that is
skipping FUPLA cycle evaluation.
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—Mainsetking

= W 0,05 .. 4.00 * In
I = W 0.05 .. 4.00 * In
UF < W 0.05 .. 0.90°* Un
IF = W 0,05 .. 4.00* In
—Secondsetking

1= [Too 0.05. 4.00%In
N > [0.20 0.05.. 4.00*In

UF < |.;.,5,;. 0,05 .. 0,90 * Un

STRRTIHIE
[REEA]

Cancel

IF > ||;.,5|;. 0,05 .. 4.00 * In

K

Figure 227: Start values

choose zone

cablersactance: 1.00 905, 120 [Shrnykn]

overheadlinereactance: I 1,00 9.05.. 120 [Shryknn]

border cable overhead I 1,00  0.05 .. 120 Chm

—kype af transmission line
Zone 1
™ only cable
™ only overhead Zane 2
" overhead before cable
{%' cable before overhead Fone 3
Overreachzone Butoreclose Cancel
Direct,Backup Mondir, Backup (04
Figure 228: Zones
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—Mainsetting
Direckion:
resistance R Im 0.05 ., 120,00 Chm ' Farnerd
reactance X I 1.o0  0.05.. 120,00 Ohm " backward
% Zone unused
angle delta 1 I oo -45.00.. 0.008
! :  R-%Dia |
grarm
angle delta 2 I gp,00 90,00, 135,00 &
[y K
tirne |2|:| 20 .. 10000 ms 1| t-Z Diagram |
— Secondsetting

resistance R

—

SIEEIEE

il

(=]

reackance ¥

angle delta 1 oo -45.00.. 0.008

angle delta 2 gg,o0 20,00 .. 135.00 @

kime 0 20, 10000 ms

0.05 ., 120,00 Ohm

0.05 ., 120,00 Ohm

Direckion:
" forward
" backward

% Zone unused

2

R-% Diagram |

f‘_"

[y K
k-2 Diagram |

Figure 229: Zone 1

—Mainsetting

Direction;
resistance B Ilm 0.05 .. 120,00 Chm ' Farnerd
reackance X I 1,00 0.05 .. 120.00 Chm " backward

% Zone unused
angle delta 1 I oo -45.00.. 0.008

* :  R-XDia |
granm

angle delta 2 I gg,o0 20,00 .. 135.00 @

[y B
tirne |2|:| 20 .. 10000 ms 1| t-Z Diagram |
—Secondsetting

Direckion:
resistance R I 1.00  0.05.. 120.00 Chrn  Forward
reackance X 1.00  0.05.. 120.00 Chrn " backward

&+ Zone unused
angle delta 1 I oo -45.00.. 0.008

4 . o |

angle delta 2 [o0.00 90.00.. 135,008 R Diagram

kime I 0 20, 10000 ms

[yt K
1| t-Z Diagram |

Figure 230: Zone 2
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zones x|

—Mainsetting

Direckion:
" forward
o 0.05. 120,00 hm | ¢ backward

resistance R 1,00  9.05 .. 120.00 Chm

reactance ¥

[1
I 1.0
&+ Zone unused
angle delta 1 I oo -45.00.. 0.00 &
! 2 RXDia |
granm
angle delta 2 I gp,00 0,00, 135,00 &
[y K
tirne |2|:| 20 .. 10000 ms 1| t-Z Diagram |

— Secondsetting

Diir eckion;
resistance R I 1.00  0.05.. 120.00 Chra  Forward
reactance X 1.o0  0.05.. 120.00 Chrn " backward

&+ Zone unused
angle delta 1 oo -45.00.. 0.00 &

4 . o |

angle delta 2 o000 90,00 .. 135.00 @ R Diagram

REE

[ K
kime 0 20, 10000 ms t-Z Diagram |

f‘_"

Figure 231 Zone 3

o
—Mainsetting
Direction;
resistance R I [t.o0  0.05.. 120.00 Ohm  forward
reactance X I 1,00  9.05 .. 120.00 Chm " backward
&+ Zone unused
angle delta 1 I -45.00 .. 0.00@
: o # z R-% Diagram |
angle delta 2 I gg,o0 0,00 .. 135.00 @
[y B
tirne |2|:| 20 .. 10000 ms 1| t-Z Diagram |
— Secondsetting
Diir eckion;
resistance R I 1.00  0.05.. 120.00 Chra  Forward
reactance X 1.00  0.05.. 120.00 Chra " backward
&+ Zone unused
angle delta 1 I oo -45.00.. 0.00 &
! B -3 Diagram |
angle delka 2 [e0.00 90.00..135.008 e
[y E
kime Izg 20, 10000 ms 1| t-Z Diagram |
Ok I Cancel |

Figure 232: Zone overreach
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Block AR Zone x|

—Mainsetting
Direckion:
resistance R 1,00 0.05 .. 120.00 Chm  forward
reactance X 1.o0  0.05.. 120,00 Ohm " backward %
(% Zone unused

angle delta 1 I oo -45.00.. 0.008

# z R-% Diagram |
angle delta 2 gp,00 90,00, 135,00 &
[y K
tirne |2|:| 20 .. 10000 ms 1| t-Z Diagram |
— Secondsetting
Direckion:
resistance R 1.00  0.05.. 120.00 Chrn  Forward
reackance X 1.o0  0.05.. 120.00 Chrn " backward
% Zone unused
angle delta 1 I oo -45.00.. 0.008
4 . o |
angle delta 2 [eo.00 90.00.. 135008 R Diagram

[y K
kime Izg 20, 10000 ms t-Z Diagram |
oK I Cancel |

f‘_"

Figure 233: Zone autoreclose (control)

directional backup x|

—Mainsetting

Direckion:
" forward
" backward

% Zone unused

angle delta 1 I oo -45.00.. 0.008 \

angle delta 2 I gg,o0 20,00 .. 135.00 @

R K
tirne |2|:| 20 .. 10000 ms 1| t-Z Diagram |

—Secondsetting

z R-% Diagram |

Direckion:
" forward
" backward

% Zone unused

angle delta 1 I oo -45.00.. 0.008

. o
angle delta 2 | 90,00 90.00 .. 135.00 6 R-¥ Diagram |

[ E
kime Izg 20, 10000 ms 1| t-Z Diagram |
Ok I Cancel |

Figure 234. Directional backup
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non directional backup x|
—Mainsetting
" 8
z R-% Diagram |
[ K
tirne |2|:| 20 .. 10000 ms % 1| t-Z Diagram |
— Secondsetting
" 8
z R-% Diagram |
[ K
kime Izg 20, 10000 ms 1| t-Z Diagram |
oK I Cancel |

Figure 235: Non-directional backup

phase selection |

—Mainsetking

" normal acyele L3-L1-L2
" normal cycle L1-L2-L3-L1
" inverse acycle L1-L3-L2

i inverse cyele L1-L3-L2-L1

— Secondsetting

" normal acyele L3-L1-L2
" normal cycle L1-L2-L3-L1
" inverse acycle L1-L3-L2

% inverse cycle L1-L3-L2-L1

Ik Zancel

Figure 236: Phase selection
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earth Factors x|
—Mainsetting
Factaor k. 1,00 0.00.. 10,00
angle k I 0 -60 ., 60 @
—Secondsetting
Factaor k. 1,00 0.00.. 10,00
angle k I 0 -60 ., 60 @
I, Cancel
Figure 237: Parameters earth factors
SetEventMask x|
|~ &1 E0 Start L1 started [~ 81E16 21 < started
[~ 81 E1 Start L1 back [~ 81E17 Z1< back
[ &1 E2 Start L2 started [~ 81 E18 Pratection black started
[~ 81 E3 Start L2 back [~ 81 E19 Prokection block back.
[~ &1 E4 Start L3 started [~ &1 Ez0
[~ &1 ES Start L3 back I~ |a1 E21
[~ &1 E6 Trip started [~ 81 E22 G-Start started
[ &1 E7 Trip back. [~ 81 E23 G-Start back
T &lER [~ 81 E24 E-Start starked
I~ 51 ES [~ 81 E25 E-Start back.
[~ &1 Eln [T 81 E28
[~ 51 E1L [~ a1E27
I~ 51 E12 [~ 81 E25 Signal comparison started
" &1 Elz [~ 81 E29 Signal comparison back.
[ BLEl [~ |21 E30
[ &1 E1S [T &1 E3L
Cancel |
Figure 238: Events
54.1.3 Operation mode

The distance protection comprises the following subordinate functions:

»  Start

*  Impedance determination
*  Directional memory

»  Tripping logic

Multifunction Protection and Switchgear Control Unit REF 542plus

Protection Manual

233



Section 5 1MRS755860 G
Protection functions

To run the protection function, the phase currents and the phase voltages measurement
quantities are required. The phase currents and the phase voltages are arranged in
consecutive groups of three. The following combinations can be configured:

*  Measuring input 1,2,3: current signals; measuring input 4,5,6: voltage signals in
phase L1, L2, L3

*  Measuring input 1,2,3: voltage signals; measuring input 4,5,6: current signals in
phase L1, L2, L3

The start function is intended to check for the presence of a system failure and to detect
the type of the fault. The appropriate measured quantities for determining the
impedance and the directional decision are selected depending on the type of system
fault. Once the direction and the zone of the system fault have been determined, the
tripping logic is used to determine the trip time in accordance with the set impedance
time characteristic.

A signal comparison protection scheme, which enables to protect a very short line
selectively, is also integrated. This requires pilot wires for signal exchange.

For the network operation, it is important to localize the fault as soon as possible after
the system fault has been switched off in order to repair the damage. Because the
medium-voltage networks are usually spread over wide areas, fault-tracking
information in km or in reactive ohm is desirable for network operation after the
system fault has been tripped. For this reason, the fault locator, which can derive the
fault distance from the measured fault impedance, is also implemented in the distance
protection. It calculates the distance in km to the fault from the nominal value of the
cable reactance.

The requirement of current transformers for distance protection must
be fulfilled. Otherwise the proper function behavior can not be assure.
Besides, the fault locator would not be in position to display the
correct value.

Once the system fault has been switched off, it may also be of interest for the system
operator to carry out a fault analysis from a disturbance recorder and the sequences of
the appearance of the signaling events. The fault recorder function can be started
either by an external signal (via a binary input) or by a signal from the distance
protection. The general start or the trip signal can be used for this purpose.

If the fault recorder is started by the general start signal, the system quantities will be
recorded. However, a correct fault reactance can only be detected if the fault is in the
first protection zone. Therefore, it is recommended to start the fault recorder by a trip
signal.

The option of switching the distance protection over to the overcurrent protection
shall normally be provided. This procedure is generally referred to the so-called
emergency overcurrent protection and is required if the voltage measurement
quantities do not exist anymore, for example due to an MCB failure. Detailed

234 Multifunction Protection and Switchgear Control Unit REF 542plus
Protection Manual



1MRS755860 G Section 5
Protection functions

information regarding to the operation principle and the calculation of the setting
parameter can be found in the related application note.

5414 Setting groups

Two parameter sets can be configured for the thermal overload protection function.

54.1.5 Parameters and events
Table 101: General paramefer
Net type: high ohmic, low ohmic
Used sensors: 1: 1-3; U: 4-6 or |: 4-6; U: 1-3
Earth start: IE> used or IE> unused (residual current)
Switching onto normal behavior, overreach zone used or trip after occurrence of general start
faults: signal
Signal Comp. 30...30,000 ms (set 1/set 2), default 30 ms
Time:
Table 102: Start values
Parameter Values Unit Default Explanation
1> 0.05...4.00 In 1.00 Phase current high set
IN> 0.05...4.00 In 0.20 Residual current
UF 0.05...0.90 Un 0.50 Phase or line voltage (net
type)
IF> 0.05...4 In 0.50 Phase current low set
Table 103: Choose zone
Parameter Values Unit Default Explanation
Cable reactance 0.05...120 Ohm/k | 1
m
OH line reactance | 0.05...120 Ohm/k | 1
m
Border OH/cable 0.05...120 Ohm 1
Type of transmission line only cable, only OH line, OH line before cable or cable before OH
line
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Table 104: Zone 1, 2, 3, Zone Overreach, Autoreclose (border)
Parameter Values Unit Default Explanation
Resistance R 0.05...120 Ohm 1
Reactance X 0.05...120 Ohm 1
Angle delta 1 -45...0 ° 0
Angle delta 2 90...135 ° 90
Time 20...10000 ms 20
Direction forward, backward | - zone un-used
or zone unused
Table 105: Directional backup
Parameter Values Unit Default Explanation
Angle delta 1 -45...0 ° 0
Angle delta 2 90...135 ° 90
Time 20...10000 ms 20
Direction forward, backward | - zone un-used
or zone unused
Table 106: Non-directional backup
Parameter Values Unit Default Explanation
Time 20...10000 ms 20
Table 107: Phase selection
Parameter Trip Selection
Normal acycle L3-L1-L2
Normal cycle L3-L1-L2-L3
Inverse acycle L1-L3-L2
Inverse cycle L3-L2-L1-L3
Table 108: Earth factor
Parameter Values Unit Default Explanation
Factor k 0...10
Angle k -60...60 °
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Table 109: Events
Code Event reason
EO Start L1 started
E1 Start L1 back
E2 Start L2 started
E3 Start L2 back
E4 Start L3 started
E5 Start L3 back
E6 Trip started
E7 Trip back
E16 Z1< started
E17 Z1< back
E18 Protection block started
E19 Protection block back
E22 General start started
E23 General start back
E24 Earth start started
E25 Earth start back
E28 Signal comparison started
E29 Signal comparison back
By default all events are disabled.
54.2 Distance protection V2

Distance protection V2 is introduced in Release 3.0, starting from version V4F08x,
and dedicated to protect a three-phase meshed medium-voltage system or a simple
high-voltage system. It is designed so that it can also be used to protect a single-phase
as well as a two-phase railway system. In that case, two separate networks can be
protected simultaneously.

The first function block is used for the common fault detection. The second function
block can be configured for the related zones as needed by the protection scheme.

DISTANCE
FROTECTION

ve

START LA

STRART L2

STRART LI
ERRTHSTRART |
GEMERRLSTART [
TRIF |

1

Figure

239:
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ES

DISTANCE
20HE STRETL[
v STRRTLZf
STRRTLI

ERKTHSTART [

GENERAL START |

HprT TRIF |
0

Figure 240: Distance protection zone (configurable for up to eight distance

zones)
54.21 Input/output description
Table 110: Inputs, common fault detection
Name Type Description
BS Digital signal (active high) Blocking signal

When the BS signal becomes active, the protection function is reset regardless of its
state. This means that all the output pins go low, generating the required events, if any,
and all the internal registers and timers are cleared. The protection function remains
idle until the BL signal goes low.

Table 111: Outputs, common fault detection

Name Type Description
START L1 Digital signal (active high) Start signal in L1
START L2 Digital signal (active high) Start signal in L2
START L3 Digital signal (active high) Start signal in L3
EARTH START Digital signal (active high) Start Earth signal
GENERAL START | Digital signal (active high) General start signal
TRIP Digital signal (active high) Trip signal

START L1, START L2 and START L3 are the phase-selective start signals. The
phase-starting signal is activated when the respective phase current start conditions
are true (current exceeds the setting threshold value and the fault is in the specified
direction).

GENERAL START is a logical OR combination of the start signals START L1,
START L2 and START L3 and remains active until the reset time, if used, has
expired.

EARTH START is activated when the residual current value exceeds the threshold
value.

The TRIP signal is activated when at least for the start conditions are true and the
operating time has elapsed.
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Table 112: Inputs, distance zone
Name Type Description
BS Digital signal (active high) Blocking signal
PTT Digital signal (active high) Transfer trip signal
When the BS signal becomes active, the protection function is reset regardless of its
state. This means that all the output pins go low, generating the required evens, if any,
and all the internal registers and timers are cleared. The protection function remains
idle until the BS signal goes low.
PTT is activated by an incoming transfer trip signal and can control the trip signal of
the zone.
Table 113: Ouftpufts, distance zone
Name Type Description
START L1 Digital signal (active high) Start signal in L1
START L2 Digital signal (active high) Start signal in L2
START L3 Digital signal (active high) Start signal in L3
EARTH START Digital signal (active high) Start Earth signal
GENERAL START | Digital signal (active high) General start signal
TRIP Digital signal (active high) Trip signal
START L1, START L2 and START L3 are the phase-selective start signals. The
phase-starting signal is activated when the respective phase current start conditions
are true (current exceeds the setting threshold value and the fault is in the specified
direction).
GENERAL START is a logical OR combination of the start signals START L1,
START L2 and START L3 and remains active until the reset time, if used, has
expired.
EARTH START is activated when the residual current value exceeds the threshold
value.
The TRIP signal is activated when at least for the start conditions are true and the
operating time has elapsed.
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54.2.2 Configuration
|
General | Fast 1O | Setings | impedance | Double EF | Losd Encr. | Everts | Pins |
~ Description
Distance Protection V2 Net 1 -
Fast output channel
Trip 1
GenStart 0
Fast input channel
Blockinp1 0
Blockinp2 (i
Opersting Status ~ On
Network type  Low ohmic
=
[oxk ] cance | Apply |
Figure 241 Common fault detection, general
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Distance Protection ¥2 Net 1 _El

General FastUO | settings | impedsnce | Doutle EF | Load Encr. | Events | Pins |

- Fast output channel
Trp f 0.8
GenStart b~ o.s

- Fast input channel
Blocking? IU 0.14
Blockinp2 IU 0.14

ok | cance | cenis

Figure 242: Common fault detection, Fast I/O

Trip Generate trip signal from the subsequent zones
GenStart Generate general start signal from the subsequent zones
Blockinp1 Block the operation of all zones

Blockinp2 Block the operation of all zones

Fast input/output channel other than 0 means a direct execution of the trip command,
that is, skipping the FUPLA cyclic evaluation.
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Distance Protection ¥2 Net 1 i x|

Generai | Fast 0 Settings | impedance | Doutle EF | Load Encr. | Everts | Pins |

e mm
Status | on - |
- Network type
High ohmic, o
Low ohic c
ok | cancer | sppy
Figure 243: Common fault detection, settings

The operating status for the entire distance protection can be set to “On” or “Off.” In
case it is set to “Off,” all subsequent distance zones are off too.

Distance protection can be used either in a network type with a high- or low-ohmic
earthing. The high-ohmic earthing describes an electrical system with an isolated
neutral or earth fault compensation. In the low-ohmic system the neutral is connected
to earth via resistance or reactance.
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ﬂ
General | Fast O | Settings Impedance | Doutle EF | Load Encr. | Events | Pins |
 Measures
Fzuz Fz uE
¥ 2Lz F 2 L12E
Fzuw F 2 136
1~ Minirmurn current and Earth Fault supervision
Parameter Set Set1 Set2
Irniiry = |Ua IU.SU 005 .. 4000 % In
0> I[].SQ |g_5u 005 .. 4000* In
U = IEI.SD |D_5EI 010 ..120* Un
ok | cancer | sppy
Figure 244 Common fault detection, impedance
Imin> Minimum phase current to release the impedance calculation
/0> Threshold value for the residual current
U0> Threshold value for the residual voltage
All the impedance loops to be calculated are listed in the property sheet. In a three-
phase system there are six impedance loops in total to be considered. For single or two-
phase applications, for example for the protection of a railway system, the calculated
impedance loops, depending on the selected current and voltage sensor configuration,
are shown accordingly.
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Distance Protection ¥2 Net 1 i x|

General | Fast O | Settings | impedance Doutle EF | Load Encr. | Everts | pins |

Parameter Set Set 1 Set 2

UF < |n.?0 |0.?n 040 ..1.20* Un

Farameter Set Set1 Set2
Normal acycle L3-L1-12 C -
Normal cycle L1-L2-L3-L1 » C
Inverse acycle L1-13-12 " -
Inverse cycle L1-13-12-11 o ~

Figure 245: Common fault detection, double-earth fault

UF< Undervoltage supervision of the line voltages to detect the involved phases
Phase Clearance of one earth fault during a double-earth fault in the high-ohmic net type. For
selection example, for the setting normal acycle L3-L1-L2, the earth faultin phase L3 is switched off

during a double-earth fault in phases L2 and L3.

The double-earth fault parameters are only available and released for the high-ohmic
net type. The aim is to switch off only one of the two earth faults which occur on
different locations in the network according to a specific phase selection scheme.
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Distance Protection ¥2 Net 1 _!l_tj

General | Fast 1O | Settings | impedsnce | Doutle EF Losd Encr. | Events | pins |

- Ower \oltage
Parameter Set Set1 Set2

Uload > IU.?O IO_?D 040..120*Un

- Area parameters
Parameter Set Set1 Set2

R forward IU.SDG |o.5m 0.000 .. 3,000 * Zn
R backward IEI.SOO |0.5(I'I 0.000 .. 3,000 * Zn
Angle |3a:| [0 1.60"

Figure 246: Common fault detection, load encroachment

Uload> Overvoltage supervision of all line voltages to indicate normal operation
R forward  Reach for the start of the load encroachment area in forward direction
R backward Reach for the start of the load encroachment area in backward direction

Angle Angle for limitation of the load encroachment area in both directions
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Distance Protection ¥2 Net 1 ] ﬁ[

General | Fast 0 | Setings | impedance | Doube EF | Load Encr. Events | pins |

[ 270 EO Start L1 started 4 [

[T 270 E1 Start L1 back

[T 270 E2 Start L2 started Clear Al |

[™ 270 E3 Start L2 back

I” 270 E4 Stert L3 started Set Defaut
[T 270 ES Start L3 back
I” 270 €6 Trip started Save Defout
" 270 €7 Trip back
I” 270 €8 General start started = et o
[™ 270 E3 General start back aas
F 270 E10 Earth start started e E

270 E11 Earth start back
[T 27 E12 foooo Hex
F 270E13
I 270E14 E31 .. E16
T 27018 o000 hex
7 2mFis | %] Bl Bl |

ok | _comcel | sy |

Figure 247: Common fault detection, events

X
General | Fast 0 | Setings | impedance | Double EF | Load Encr. | Everts FPins |
1 IN BS Block signal
2 O0UT Startll Start L1
2 O0UT StartlL2 Start L2
2 O0OUT StartL3 Start L3
2 OUT Earth Start  Earth Start
64 OUT GEN.START General start
2 O0UT Trip Trip
(o e s
Figure 248: Common fault detection, pins
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Distance Zone ¥2 Net 1 ) x|

General | Fast 10 | Operating | Arealimits | AreaParams | Earth | Everts | Pins |

Field bus address 71

Marne |Distance Zone Net 1

—

 Description

Distance Zone V2 Net 1 Stage 1

Fast output channel
Trip 1]
GenStart i}

Fast input channel
Blockinpd 0
Blockinp2 (1}

Operating
Status  On
Functionuse  Tripping

Figure 249: Zone, general

Stage Number of zones for the required protection scheme (8 in total)

Name Free selectable naming of the zone, eg overreach zone
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Distance Zone ¥2 Net 1 x|

General FastUO | Operating | Arealimts | AreaParams | Earth | Events | pins |

~ Fast output channel
Trip b~ 0.
Genstart b~ 0.8
- Fastinput channel
BlockInpt b 0.14
Blockinp2 b 0.14
PTTI b 0.1a
PTT2 o 0.14

K Cancel Apply

ﬂ

Figure 250: Zone, fast I/O

Trip Generate trip signal

GenStart Generate general start signal

GenStart  Generate general start signal

Blockinp1 Block the operation of the zone

Blockinp2 Block the operation of the zone

PTT1 Transfer trip signal for the signal comparison scheme

PTTZ2 Transfer trip signal for the signal comparison scheme

Fast input/output channel other than 0 means a direct execution of the trip command,
that is, skipping the FUPLA cyclic evaluation.
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Figure 251 Zone, operating

Distance Zone ¥2 Net 1

Figure 252: Zone, area limits
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Distance Zone ¥2 Net 1 )

General | Fast 0 | Operating | arealimts AreaParams | Eartn | Everts | Prs |

x|

~ Area parameters

Parameter Set Set1 Set2

Rforward [rood  [roso 0001 .3000%2n

Xforward [fooo~  [roso 0001 .3000*2n

R backward W FEEC.— 0001 3000220

¥ backward W fiooo 00013000820

Angle defta 1 P 4.0

Angle deta 2 o [0 %0.13s"

Time foozo fooo 00203000005
ok ] _coma | o

Figure 253: Zone, area parameters

R forward Zone limitation in forward direction

X forward

Zone limitation in forward direction

R backward Zone limitation in backward direction

X backward Zone limitation in backward direction

Angle delta1 Directional angle limitation

Angle deltaZ Directional angle limitation
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Distance Zone ¥2 Net 1 ]

General | Fast 0 | Operating | arealimits | Areaporams Esrth | Everts | pns |

~ Earth factors

|1 [ﬂ |1 00 0.00 ..10,00
IU |0 £0 .. 60"

x|

Cancel Apply

Figure 254: Zone, earth

Earth factor group Setting group of the earth factor for the zones

Modulus Modulus of the complex earth factor

Angle Angle of the complex earth factor

Distance Zone ¥2 Net 1 ]

General | Fast 0 | Opersting | Arealimts | AreaParams | Earth  Evert

E

[~ 271 E0 Start L1 started
[T 271 E1 Start L1 back
[T 271 E2 Start L2 started
[~ 271 E3 Start L2 back

C
awu|

[~ 271 E4 Start L3 started Set Defautt
™ 271 E5 Start L3 back
[ 271 E6 Trip started Save Defaul
[~ 271 E7 Trip back
[~ 271 E8 General start started R it Ao
[~ 271 E9 General start back
[T 271 E10 Earth start started €15 . €O
™ 271 E11 Earth start back o
F 271 E12 Hex

271 E13
IE 271 E14 E31 . E16
[ 271 B15 0000 hex
[T 271 Fin =]

Cancel | Apply |

Figure 255: Zone, events
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x
General | Fast 1O | Operating | Arealimts | AreaPorams | Earth | Events Pins |
= 1 |IN Bs Block signal
1 IN PTT Permissive Transfer
prsisat sl | |2 OUT  StartLl Start L1
ug s (12 OUT  StartL2 Start L2
] 2 O0UT StartlL3 Start L3
FrT THIF 2 O0UT Earth Start Earth Start
65 OUT GEN.START General start
2 O0UT Trip Trip
0 | &
OK I Cancel | |

Figure 256: Zone, pins

Operation mode

The distance protection comprises of one common fault detection function and the
zones. The number of required zones can be freely configured.

Please refer to the related application notes for more detailed
information.

To run the protection function, the measurement quantities for the phase currents and
phase voltages are required. For the application in a three-phase system, the phase
currents and phase voltages are arranged in consecutive groups of three. In a single
phase or two-phase system the corresponding input shall be used. The following
combinations can be configured:

*  Measuring input 1,2,3: current signals; measuring input 4,5,6: voltage signals in
phase L1, L2, L3

*  Measuring input 1,2,3: voltage signals; measuring input 4,5,6: current signals in
phase L1, L2, L3

The common fault detection function is intended to check for the presence of a system
failure and to detect the type of the fault, a system fault with or without the earth
involvement. The appropriate measured quantities for determining the fault
impedance and the directional decision are selected, depending on the type of system
fault. Once the direction and the zone of the system fault have been determined, trip
condition, operation time and transfer trip scheme, if applied, are checked.
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54.2.5

For the network operation, it is important to localize the fault as soon as possible after
the system fault has been switched off in order to repair the damage. Because the
medium-voltage networks are usually spread over wide areas, fault-tracking
information in the primary value of the reactive ohm is available. An optional fault
locator function is provided too.

The requirement of current transformers for distance protection must
be fulfilled. Otherwise the proper function behavior cannot be
assured. Besides, the fault locator would not be in position to display
the correct value.

Once the system fault has been switched off, a fault analysis can be carried out from
a disturbance recorder and the sequences of the appearance of the signaling events.
The fault recorder function can be started either by an external signal (via a binary
input) or by a signal from the distance protection. The general start or trip signal can
be used for this purpose.

If the fault recorder is started by the general start signal, the system quantities are
recorded. However, a correct fault reactance can only be detected if the fault is in the
first protection zone. Therefore, it is recommended to start the fault recorder by a trip
signal.

The option of switching the distance protection to the overcurrent protection is
normally provided. This procedure is generally referred to as the so-called emergency
overcurrent protection and is required if the voltage measurement quantities do not
exist anymore, for example due to an MCB failure. Detailed information regarding to
the operation principle and the calculation of the setting parameter can be found in the
related application note.

Setting groups

Two parameter groups can be configured for the distance protection V2 function. A
switch-over between the parameter sets can be performed, depending on the network
configuration. If this is not required, set 1 and set 2 can be parameterized identically
to avoid a wrong setting if the switch-over of parameters has happened accidentally.

Parameters and events

Table 114: Common fault defection, setting values

Parameters Values Unit Default Explanation

Trip 0...8/16/24 0 Fast output
channel

Gen Start 0...8/16/24 0 Fast output
channel

Blocklnp1 0...14/28/42 0 Fast input
channel

Blockinp2 0...14/28/42 0 Fast input
channel

Table continues on next page
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Parameters Values Unit Default Explanation
Status On/off On Operating status
Network type High ohmic/low Low Earthing of the

ohmic system neutral
Imin > 0.05...40.00 In 0.50 Current for
starting the
calculation
10> 0.05...40.00 In 0.50 Residual current
uo> 0.05...40.00 Un 0.50 Residual voltage
UF< 0.10...1.20 Un 0.70 Low line voltage
during double
earth fault
Phase selection L3-L1-L2 L1-L3-L2-L1 Phase selection
L1-L2-L3-L1 to switch off an
L1-L3-L2 earth fault
L1-L3-L2-L1 location during a
double-earth fault
condition
Uload > 0.10...1.20 Un 0.70 All line voltages
high for load
encroachment
R forward 0.000...3.000 Zn" 0.500 Forward area for
load
encroachment
R backward 0.000...3.000 Zn" 0.500 Backward area for
load
encroachment
Angle 1...60 o 30 Limitation of the
area for load
encroachment

1) Zn Reference-rated impedance value for setting of the reaches defined by Un divided by In

Table 115: Common fault defection events
Code Events

EO Protection start on phase L1

E1 Start on phase L1 canceled

E2 Protection start on phase L2

E3 Start on phase L2 canceled

E4 Protection start on phase L3

E5 Start on phase L3 canceled

E6 Trip signal active

E7 Trip signal back to inactive status

E8 General protection start (logical OR combination of starts)

E9 General start canceled

E10 Protection start on earth

E11 Start on earth canceled

E18 Protection block signal active
Table continues on next page
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Code Events
E19 Protection block signal back to inactive status
E28 Operation on fault direction forward
E29 Operation on fault direction backward
E30 Operation on fault direction unknown
E31 Operation on fault direction both
Table 116: Zone
Parameters Values Unit Default Explanation
Trip 0...8/16/24 0 Fast output
channel
Gen Start 0...8/16/24 0 Fast output
channel
Blocklnp1 0...14/28/42 0 Fast input
channel
Blocklnp2 0...14/28/42 0 Fast input
channel
PTT1 0...14/28/42 0 Fast input
channel (transfer
trip scheme)
PTT2 0...14/28/42 0 Fast input
channel (transfer
trip scheme)
Status On/off On Operating status
Function use Tripping/signaling Tripping Zone used for

tripping or only for
indication

Works on Phase Phase AND Earth | Calculation of the
Earth impedance loops
Phase AND Earth
PTT logic OR/AND OR Trip control by
transfer trip
scheme
Trip logic Op. Time/Op. Op. Time Trip initiated by
Time AND operation time
PTT/Op. Time OR and/or by transfer
PTT/PTT trip scheme
Load Used/Not used Not used Used/Not used of
encroachment load
encroachment
Reaches Used/Not used Used Used/Not used of
the impedance
limitation
Angles Used/Not used Used Used/Not used of
the directional
limitation
Direction Forward/ Forward Zone directional
Backward/Both

Table continues on next page
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Parameters

Values

Unit

Default

Explanation

R forward

0.000...3.000

Zn"

0.500

Forward area for
the impedance
zone

X forward

0.000...3.000

Zn"

0.500

Forward area for
the impedance
zone

R backward

0.000...3.000

Zn"

0.500

Backward area for
the impedance
zone

X backward

0.000...3.000

Zn"

0.500

Backward area for
the impedance
zone

Angle delta1

-45..0

Limitation of the
area by
directional angle

Angle delta2

90...135

90

Limitation of the
area by
directional angle

Time

0.020...300.000

0.0200

Operation time

Group

0.4

Group setting for
the impedance
calculation

Modulus

0.00...10.00

1.00

Modulus of the
complex earth
factor

Angle

-60...60

Angle of the
complex earth
factor

1) Zn Reference-rated impedance value for setting of the reaches defined by Un divided by In

Table 117: Zone
Code Events
EO Protection start on phase L1
E1 Start on phase L1 canceled
E2 Protection start on phase L2
E3 Start on phase L2 canceled
E4 Protection start on phase L3
E5 Start on phase L3 canceled
E6 Trip signal active
E7 Trip signal back to inactive status
E8 General protection start (logical OR combination of starts)
E9 General start canceled
E10 Protection start on earth
E11 Start on earth canceled
E18 Protection block signal active
E19 Protection block signal back to inactive status

Table continues on next page
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E20 Transfer trip scheme start
E21 Transfer trip scheme canceled
E28 Operation on fault direction forward
E29 Operation on fault direction backward
E30 Operation on fault direction unknown
E31 Operation on fault direction both
54.3 Fault locator
The fault locator is introduced in release 3.0, starting from version V4F08x. It is
designed as a separate and autonomous function block to calculate the location of the
system fault. By applying the calculated fault reactance and the necessary input data,
reactance per km of the related line section, the fault location in km within the line
section is derived. The fault locator is in position to cover up to four line sections.
1
ES
— EX.TEIS.
FAULT B
LOCATOR
0 DUT.TRIG.|
Figure 257: Fault locator
5.4.3.1 Input/output description
Table 118: Inputs, common fault detection
Name Type Description
BS Digital signal (active high) Blocking signal
EX. TRIG Digital signal (active high) External trigger signal
When the BS signal becomes active, the fault locator function is reset, no matter its
state. This means that all the output pins go low, generating the required events, if any,
and all the internal registers and timers are cleared. The fault locator function remains
in the idle state until the BS signal goes low.
EX. TRIG s an external trigger signal through a binary input which can be used to
start the fault locator to calculate the fault location in km within the related line
section.
Table 119: Outputs, common fault detection
Name Type Description
START Digital signal (active high) Start signal
OUT. TRIG. Digital signal (active high) Output trigger indication
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The START signal is activated when the fault locator is triggered.

The TRIP signal is activated when at least for the start conditions are true and the
operating time has elapsed.

5.4.3.2 Configuration

Fault Locator Net 1 |

General | Fast 11O I Settings I Impedance I Line zectionz I Events I Pinz |

Field bus address 290

— Description
Fault Locatar Met 1 S

Faszt output channel
Ot trigoer a

Fast input channel
Block lngrel

Elock Inp2

Ext tricigerd

Ext trigger2

Lo R e B R

Opergting Status On
PTRC trigget mode  Trip LI

Ok I Cancel | Aol |

Figure 258: General
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Fault Locator Net 1

Genersl Fast O | Settings | Impedance | Line sections | Everts | Pinz |

— Fast output channel

Ot trigoger

D|
==
o

— Fast input channel
Block Ingp
Blocklngp2

Ext trigmer

Ext triciger2

.14

1

:

K

Cancel

Al

Figure 259: Fast I/O

Blockinp?  Block signal
Blockinp2  Block signal
Ext.trigger1 Trigger signal
Ext.trigger2 Trigger signal

Fast input/output channel different from 0 means a direct execution of the trip
command, that is, skipping the FUPLA cyclic evaluation.
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Fault Locator Net 1 x|

Genersl | Fast /0 Seftings | Impedance | Line sections | Everts | Pinz |

— Operating
Status
PTRC trigger mode Trip i

Mr. af line sections

I

Ok I Cancel Aol

Figure 260: Settings

Status Operating status
PTRC trigger mode Triggering of the fault locator by internal protection functions

Nr. of line sections  Number of different line sections to be covered by the fault locator

The fault locator function operates on any combination of the phase current and phase
voltages in a triple. For example, it can operate as a single-phase, double-phase or
three-phase fault locator on the phase currents and the corresponding phase voltages
belonging to the same network.
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General | Fast IO | Seftings  mpedance | Line sections | Events | Pins |
— Measures
7z Lz ¥ =z LE
¥ z 123 ¥ z L2E
I z L3 ¥ z L3E
— Minirnumn current and Earth Fault supervision
Parameter Set Set1 Set 2
Imin = [0.50 [050 0.05 .. 40.00 * In
0= |u_5n |n.50 005 . 40.00* In
o = [0.:50 [050 040..1.20 % Un
Ok I Cancel | Aol
Figure 261 Impedance
Imin> Minimum phase current to release the fault calculation
lo> Residual current for earth fault supervision
Uo> Residual voltage for earth fault supervision
The "Measures" section shows the calculated fault loops for deriving the fault location
from the fault reactance. It can operate on any combination of the phase currents and
voltages in a triple, for example, and in the single-phase and double-phase systems by
applying the related phase currents and phase voltages belonging to the same network.
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Fault Locator Net 1

General | Fast 110 | Settings | impedance ~ Line sections |E\rents| Pins |

— Line sections
2 B C D
= f1.000 froon 000 |1 000 0.001 .. 50,000 Shnskm
iy r.000 frooo o000 1,000 0.001 . 50.000 Chmikim
RO frooo fooo frooo | frooo 0.001 .. 60.000 Chmikn
0 f1.000 froon 000 |1 000 0.001 .. 50.000 Ghmdkn
Length  |1.00 .00 f1.00 f1.00 0.01 .. 100.00 K
Ok I Cancel Apply
Figure 262: Line sections
R1 Line resistance (positive sequence value) in Ohm per km

X1
RO
X0
Length

O O W

Line reactance (positive sequence value) in Ohm per km

Line resistance (zero sequence value) in Ohm per km

Line reactance (zero sequence value) in Ohm per km

Line length in km

1st Line section A
2nd Line section B
3rd Line section C

4th Line section D
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Fault Locator Net 1 x|

Genersl | Fast [0 | Settings | Impedance | Line sections  Events | Pinz |

[T 200 E0 Start started - Set Al
[T 290 E1 Start back

[T 2002 Clear Al |

[T 290 E3
[T 290 E4 Set Default |
[T zs0es

|- 280 E6 Outt trigger started Save Default |

[ 280 E7 Outtrigger back

[ 290 Es Data ready T Euwernt Masks —
[ 230 E9 Data reset
||: 290 E10 E15 .. E0

280 E11

IDDDD

[T za0E12 Fex
[T 230 E13
il E31 .. E16
T z20E15 o000 e
[T can ke :I

Ok | Cancel | Apply |

Figure 263: Events

Fault Locator Net 1 x|

General | Fast WO | Seftings | Irnpedance | Line zections | Everts FPins |

. 1 |IN BS Block signal
| ERTRIS. 1 |IN EX TRIG. External Trigger
FRULT _swerl- | |28 OUT Start Start

HHERTR 2  OUT OUTTRIG. OutputTrigger

OUT.TRIG.|-

Ok I Cancel Apply

Figure 264: Pins

5433 Operation mode

After the fault locator has been triggered, the calculation of the fault locator is started,
provided that the corresponding phase currents for the related fault loops exceed the
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threshold value Imin>. To detect the earth fault condition, the residual voltage Uo>
and the residual current Io> are supervised. Depending on the fault condition, the fault
impedance is calculated. The fault location is derived from the value of the fault
reactance and the input data of the line section. The line can comprise up to four
different line sections.

Setting groups

Two parameter sets can be configured for the fault locator. A switch-over between the
parameter sets can be performed depending on the network configuration. If this is not
required, set 1 and set 2 can be parameterized identically to avoid a wrong setting if the
switch-over of parameters has happened accidentally.

Parameters and events

Table 120: Setfing values

Parameters Values Unit Default Explanation

Out.trigger 0...8 0 Fast output channel

Blocklnp1 0...14 0 Fast input channel

Blockinp2 0..14 0 Fast input channel

Ext.trigger1 0...14 0 Fast input channel
(external trigger)

Ext.trigger2 0...14 0 Fast input channel
(external trigger)

Status On/Off On Operating status

PTRC trigger Not used/Start/ Trip Trigger by internal

mode Trip protection functions

Nr. of line 1/2/3/4 4 Number of the different

sections line sections to be
covered

Imin> 0.05...40.00 In 0.50 Overcurrent condition

lo> 0.05...40.00 In 0.50 Residual overcurrent
condition

Uo> 0.10...1.20 Un 0.50 Residual overvoltage
condition

R1 0.001...50.000 Ohm/km 1.000 Resistance (positive
sequence) per km

X1 0.001...50.000 Ohm/km 1.000 Reactance (positive
sequence) per km

Ro 0.001...50.000 Ohm/km 1.000 Resistance (zero
sequence) per km

Xo 0.001...50.000 Ohm/km 1.000 Reactance (zero
sequence) per km

Length 0.01...100.00 km 1.00 Length of the related line
section

A 1st line section

Table continues on next page
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Parameters Values Unit Default Explanation
B 2nd line section
C 3rd line section
D 4th line section
Table 121: Evenfs
Code Events
EO Protection start on phase L1
E1 Start on phase L1 canceled
E6 Trip signal active
E7 Trip signal back to inactive status
5.5 Differential protection
5.5.1 Transformer Differential Protection

Differential protection can be used to protect power transformers, motors and
generators. The protection function has the following properties:

» Differential protection of two windings power transformer

*  Amplitude and vector group adaptation

»  Zero sequence current compensation

*  Three-fold tripping characteristic

* Inrush stabilization by 2" and 5™ harmonics

»  Stabilization during through-faults also in case of current transformers (CT)
saturation

EL
TEIF

EHE |-

EHS

GE -
DIFFEREMTIAL
FEOTECTION

Figure 265: Transformer Differential Protection

5.5.1.1 Input/output description

Table 122: Inputs

Name Type Description

BS Digital signal (active high) Blocking signal
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When BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all internal registers and timers are cleared. The protection function will then remain
in idle state until BS signal goes low.

Table 123: Outputs

Name Type Description
TRIP Digital signal (active high) Trip signal
BH2 Digital signal (active high) Block by 2" harmonic signal
BH5 Digital signal (active high) Block by 5t harmonic signal
GB Digital signal (active high) General Block output signal

The TRIP signal will be activated when at least one of the calculated differential
currents Id exceeds the bias-dependent setting threshold value AND if the harmonic
stabilization is enabled, the harmonic content of differential current is below the set
thresholds (2" |5 Threshold).

When the harmonic stabilization is enabled, the Block Output (BH2, BHS5) signals
become active if the protection function detects a differential current exceeding the
preset threshold and the harmonic content of differential current is above the set
thresholds (2" |5 Threshold).

5.5.1.2 Configuration
x|
General |quo| Sensors | Transformer | Current | Harmonics | Everts | pins |
Field bus address Iﬁ
Differential Protection -
Fast output channel
Trip 0
Block Out 0
Fast input channel
Blocking 0
Blockinp2 0
used sensors  Wirong sensor configuration: Sensor 4 @ Sensor Type not valid
Transformer Group 0 *30*
hd|
OK I Cancel | Apiply |
Figure 266: General
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Figure 267: Fast l/O

Output Channel different from 0 means a direct execution of the trip command, that
is, skipping FUPLA cyclic evaluation.

Input Channel different from 0 means a direct execution of the block command, that
is, skipping the FUPLA cyclic evaluation.

Differential Protection

Figure 268: Sensors
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Transformer differential protection requires 6 current sensors; it operates on two sets
of phase currents in a triple on primary and secondary side of the transformer.

Differential Protection ﬁ[

General | Fast 0 | Sensors  Transformer | current | Harmorics | Events | Pins |

Transformer group H 0.11 (*30°)
- Transformer Earthing
[ Primary side
[~ Secondary side
[ ok ] camce | oo
Figure 269: Transformer
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x|
General | Fast 1 | Sensors | Transformer ~ Currert | Harmorics | Events | Pins |
Parameter Set Set 1 Set 2
Primary nominal current fro0.00 fro0.00 10.00 .. 100000.00 A
Secondary nominal current f1o0.00 j100.00 10,00 .. 100000.00 4
Threshald current jozo jo.20 010 ..050 I (pu)
Unbiased region limit joso jo.s0 050 ..6.00 I (pu)
Slightly biased region threshold  [0.20 jo20 020..200  (pu.)
Slightly bissed region limit j3.00 j3.00 1.00 .. 10.00 I (pu)
Heavily biased slops {40 jo.40 0.40..1.00
Trip by Id> j600 |6.00 500 .. 40.00 Ir (p.u.)
[ ok | cocsl | son
Figure 270: Current
Primary nominal current Nominal transformer current on primary side
Secondary nominal current Nominal transformer current on secondary side, to be used for power
transformer ratio compensation
Threshold current First region Id threshold
Unbiased region limit First region Ib threshold
Slightly biased region threshold Second region Id threshold
Slightly biased region limit Second region Ib threshold
Heavily biased slope Third region slope
Trip by Id Upper Id threshold for Trip condition detection

All the Differential protection thresholds are referred the Rated power
transformer current Ir (p.u) in per unit; i.e. normalized on the primary
or secondary nominal power transformer current (Primary,
Secondary nominal current). In this way all differences due to CT
ratios and board transformer analog input are automatically

normalized.
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Differential Protection

Figure 271 Harmonics

Threshold Threshold value for 2", 5" harmonic content detection

Block Flag enabling the harmonic content detection. When threshold value is exceeded it blocks
the protection function and generates a blocking signal

e ERRE

Figure 272: Events
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x
General | Fast 1O | Sensors | Transformer | Current | Harmorics | Events Pins |
& 1 IN BL  Block function
™12 OUT Trip Trip Delta |
ms | |2 OUT BHZ Block by 2nd harmonic
wrsenrae | | |2 OUT  BHS  Block by 5th harmonic
phiben 2 OUT GB General Block
OK | Cancel Apply
Figure 273: Pins
5.5.1.3 Measurement mode
Differential protection function evaluates the measured amount of differential current
at the fundamental, 2°4 and 5™ harmonic frequencies.
5514 Operation criteria
Transformer differential protection is a current comparison scheme for the protection
of a component with two sides, like for example two windings power transformer,
therefore the incoming and outgoing currents through the component to be protected
are compared with each other.
If no fault exists in the protection zone, the incoming current and the outgoing current
are identical.
Therefore the difference between those currents, the differential current Id, is used as
criteria for fault detection. The protection zone of transformer differential protection
is limited by the place where the current transformers or current sensors are installed.
The signals path and the measurement processing to obtain the differential current Id
sed as criteria for fault detection are described in the following flowchart:
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Figure 274: The signals path and the measurement processing

After transformer ratio compensation and vector group adaptation the bias and
differential currents are calculated on the three phases.

If harmonic stabilization is enabled (in “Harmonic” dialog window), 2" and/or 5t
harmonic contents of differential currents are calculated.
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If at least one of the calculated differential currents Id is above the bias (of the
considered phase) dependent setting threshold (given by the tripping characteristic,
Threshold current, Slightly biased region threshold, Heavily biased region slope or
Trip by Id>), then (if required) the check for harmonic stabilization is performed.

If harmonic content of differential current Id is above the set threshold (274,
5thThreshold), then the protection function will be blocked and the relevant Block
signal will be activated, else it goes in TRIP status and the trip signal is generated. The
Block of the protection function with the corresponding signal generation will appear,
if the Id harmonic content exceeds the setting threshold value for the 2" and the 5.
harmonics.

The protection function will remain in TRIP status if there is at least one differential
current above the threshold. It will come back in passive status and the Trip signal will
be cleared if for all the phases the differential current falls below 0.4 the setting
threshold value. To perform the current comparison, it is necessary to correct the
amplitude of the currents to compensate the transformer ratio. The amplitude
correction is done by software. In the case of power transformer protection for
example, the current measurement quantities on the primary and the secondary side
are corrected by taking into account the different nominal values of the sensors and
primary/secondary nominal current parameters.

Tripping characteristic

The tripping characteristic of the transformer differential protection function is a
three-fold characteristic. In the following figure the characteristic is shown.

Id |

T I - Heawily

Trip only without I:uia_sed
2nd and &th regian
Harmonic s

hias curmrent
b= (11+12)2

Il - Slightly
hiazed

T Unbiased ™ reginn_-
reion

Trip area
(2

[d1 » Mo trip amea

b1 o2 — = |b

Figure 275: Tripping characteristic of the transformer differential profection
function
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The tripping characteristic is drawn on p.u. basis after normalization of I1 and 12
currents on on the primary or secondary nominal power transformer current (Primary
nominal current, Secondary nominal current). Therefore Id and Ib currents are
expressed in p.u. as multiples of the Rated power transformer current Ir (p.u).

The bias currents are defined as the average values (in p.u.) between primary and
secondary currents obtained after transformation ratio compensation and vector group
adaptation.

Due to the measurement error of the current quantities on both sides of the object to
be protected, a small differential current Id will occur during normal operation
condition.

The first fold of the characteristic curve is given by the settable threshold value of the
differential current (Threshold current) and the bias current limit (Unbiased region
limit).

The second fold of the characteristic curve is defined by the threshold value of the
differential current (Slightly biased region threshold) and the bias current limit
(Slightly biased region limit).

Afterwards a line with a selectable slope (Heavily biased slope) continues the
characteristic.

In case of the occurrence of a high differential current, a direct tripping can also be
generated by the threshold value (7rip by Id>) as the third fold of the tripping
characteristic. The setting value should be selected in such a way, that no tripping
could happen during the energizing of the power transformer.

5516 Inrush stabilization

When switching on a power transformer without the connected loads, a high inrush
current might occur. As consequence, there could be some unwanted tripping

To stabilize this condition of the power transformer the presence of the 2"d harmonic
in the differential current can be used as criteria. Therefore the ratio of the 2"d
harmonic current to the current at fundamental frequency is important. As soon as the
threshold value (threshold) is exceeded, the protection function is blocked and a
blocking signal is activated.

In case of switching on a power transformer in parallel without the connected loads,
the inrush current can also be generated in the transformer which is already in

operation. In this case, it is necessary to detect the 5" harmonic in the differential
current to avoid the undesired tripping.

For that reason, the differential protection in REF 542plus is foreseen with the 2" and
the 5™ harmonic blocking possibilities, which can be set separately from each other.
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Two parameter sets can be configured for the transformer differential protection
function.
5.5.1.8 Parameters and events
Table 124: Setting values
Parameter Values Unit Default Explanation
Transformer group 0...11 - 0 Parameters for vector group
adaptation and transformation
Trans.for.mer ratio compensation between
earthing: primary - secondary currents.
Primary side Yes/No - No
Secondary side Yes/No - No
Primary nominal 10...100000 | A 100
current
Secondary nominal | 10...100000 | A 100
current
Threshold current 0.10...0.50 Ir (p.u.) 0.20 First region Id threshold.
Unbiased region 0.50...5.00 Ir (p.u.) 0.50 First region Ib threshold.
limit
Slightly biased 0.20...2.00 Ir (p.u.) 0.20 Second region Id threshold.
region threshold
Slightly biased 1.00...10.00 | Ir(p.u.) 3.00 Second region Ib threshold.
region limit
Heavily biased 0.40...1.00 - 0.40 Third region slope.
region slope
Trip by Id> 5.00...40.00 Ir (p.u.) 6.00 Upper Id threshold for Trip.
Second harmonic:
Threshold 0.10...0.30 Id 0.30 Stabilization against no load
block Enabled/ - Enabled transformer inrush current
Disabled
Fifth harmonic:
Threshold 0.10...0.30 Id 0.30 Stabilization against transformer
block Enabled/ - Enabled overexitation current
Disabled
Table 125: Events
Code Event reason
E6 Trip signal is active
E7 Trip signal is back to inactive state
E18 Protection block signal is in active state
E19 Protection block signal is back to inactive
E20 Block signal due to the 2"4 harmonic is active
E21 Block signal due to the 2" harmonic back to inactive
E24 Block signal due to the 5t harmonic is active
Table continues on next page
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Code Event reason
E25 Block signal due to the 5t harmonic is back to inactive
E26 General block harmonic start
E27 General block harmonic back

By default all events are disabled.

5.6.2 Restricted differential protection

Restricted differential protection can be used as restricted earth fault protection to
detect and disconnect a fault in the grounding system of the transformer.

ES  Sturt|-
TRIF |-
O
RESTRICTED
QIFF. FROT.

Figure 276: Restricted differential protection

5.5.2.1 Input/output description
Table 126: Inputs
Name Type Description
BS Digital signal (active high) Blocking signal

When the BS signal becomes active, the protection function is reset no matter its state,
this means that all the output pins go low generating the required events, if any, and
all the internal registers and timers are cleared. The protection function will then
remain in idle state until the BS signal goes low.

Table 127: Outputs

Name Type Description
Start Digital signal (active high) Start signal
TRIP Digital signal (active high) Trip signal

The START signal will be activated when the differential current Id exceeds the
setting threshold value.

The TRIP signal will be activated when the start and trip conditions are true and the
operating time (7ime) has elapsed.
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5.5.2.2 Configuration

Restricted Differential Protection

Figure 277: General

Restricted Differential Protection

Figure 278:  Fast I/O

Output Channel different from 0 means a direct execution of the trip command, that
is, skipping FUPLA cyclic evaluation.
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Input Channel different from 0 means a direct execution of the block command, that
is, skipping the FUPLA cyclic evaluation.

Restricted Differential Protection .EI
General | Fastui0 Sensors | parameters | Events | Pins |
i~ Line Currents
— Netwwork:
 Metwork 1  Network 2
~ Measures
" Earth Sensor Sensor 7
(<" Earth Calculated Sensor1,2,3
~ Neutral Current
(¥ Earth Sensor Network 1 Sensor 7
" Earth Sensor Network 2 Mo sensor
OK I Cancel Apply

Figure 279: Sensors

The protection function operates on the comparison of two neutral currents; the zero-
sequence current calculated by means of current measures acquired from the lines (on
any set of phase currents in a triple), and the measured earth-fault current flowing
through the neutral conductor towards the ground. The protection is used in case of
star windings with earthed neutral transformers.
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I
General | Fast O | Sensors Parameters | Events | ins |
Parameter Set Set1 Set2
Rated current () : [ioooo fioooo  1.00..100000.00 A
Unbiased region threshold | o0 Joao  005.080 'k
Unbiased region im# fpsa s o0o1.100 %k
Siightly biased region siope : b0 70 061.200
Slightly biased region i : 125 [z o001.200*k
Heavily biased region slope : ffoo— froo 040 ..1.00
Relay Operate Angle s[5 e0.180deg
Time : foos— Joos  004.10000s
Figure 280: Parameters
Rated current Rated current for CT ratio compensation and currents
normalization

Unbiased region limitUnbiased region First region Id threshold

threshold

Slightly biased region threshold First region Ib threshold

Slightly biased region limit Second region Id threshold

Heavily biased slope Second region Ib threshold

Relay Operate Angle Third region slope

Time Directional criteria
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Restricted Differential Protection i ﬂ

General | Fast 10 | Sensors | Parameters Events | pins |

[ 95 E0 Start started A
Clear Al |

[T 95 E1 Start back
F asE2
7 as5e3
5 95 E4 Set Defautt
IF ases
[~ 95 E6 Trip started Save Defaul
[ 95 E7 Trip back
= o5 €8 T [~ Event Masks —
T a5€a
7 ase0
I asen
IF asE12
F 95 E13
a5 E14
= g5 €15 foooo Hex

[T aaFis =

Figure 281: Events

Restricted Differential Protection i ﬂ

General | Fast 0 | Sensors | Parameters | Events Pins |

) 1 IN BS Block signal
me- [ [2 OUT Start Start
2 0UT Trip Trip

ok | cancel Apply

Figure 282: Pins

5523 Measurement mode

The restricted differential protection function evaluates the differential current
between two neutral currents at the fundamental frequency.

280 Multifunction Protection and Switchgear Control Unit REF 542plus
Protection Manual



1MRS755860 G

Section 5
Protection functions

55.2.4

The two currents can be the calculated or measured residual current 10 from the phase
currents compared with the neutral current IG in the transformer restricted earth-fault
application, in case of line differential protection, the neutral currents of each end of
the line (I1.and 12).

Operation criteria

The restricted differential protection is a current comparison scheme. Therefore, the
incoming and outgoing currents, through the object to be protected, are compared with
each other. If no fault exists in the protection zone, the incoming current and the
outgoing current are identical. That is why the difference between those currents, the
differential current Idq = Iy - IGg =1, - I}, is used as criteria for fault detection.

The protection zone of the restricted differential protection is limited by the place
where the current transformers or current sensors are installed.

If the calculated differential current Id is above the bias-dependent setting threshold
(given by the tripping characteristic, Unbiased region threshold, Slightly biased
region threshold or Heavily biased slope), protection function is started and the Start
signal will be activated.

The protection function will come back in passive status and the start signal will be
cleared, if the differential current Id falls below 0.95 the setting threshold value.

If the start conditions are true then the following conditions are checked:

Direction. The directional check is made only if 10 is more than 3% of the rated
current (Rated current Ir). If the result of the check means “external fault”, the trip is
not issued. If the directional check cannot be executed, then direction is no longer a
condition for a trip.

External fault. For as long as the external fault persists (flag enabled in passive
condition only, for Id< 0.5 the lower setting threshold and 1G> 0.5 the Rated current
Ir), an additional temporary condition is introduced, which requires that IG has to be
higher than 0.5 Ir for protection temporarily desensitization.

Bias. The bias current Ib is above 0.5 the maximum bias current calculated during the
start condition period. Ibtrip > 0.5 Ibmax (start period).

When the protection has entered the start status and the preset operating time (7ime)
has elapsed, the function goes in TRIP status and the trip signal is generated if all the
above conditions are true.

The protection function will exit TRIP status to come back in passive status and the
Trip signal will be cleared, if the differential current Id falls below 0.4 the setting
threshold value.
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5.5.2.5 Tripping characteristic

The tripping characteristic of the restricted differential protection function is a three-
fold characteristic.

Assumptions:

Ick/Ir =
W i =I5 0= N =12 then |1 =1b

Ib Biased current
! ? ! [d Differential current
Id

Il - Heavily
biased

region
Trip area
Il - Slightly
biaged
region
[ - Unhiased ;
1d1/1 Lregion Emump area
Ib1/1r (b2 f e —_— Ibflr

Figure 283: Tripping characteristic

The tripping characteristic is drawn on p.u. basis after normalization of I1 and 12
currents on power transformer rated current (Rated current Ir).

The bias current is per definition always the one with the higher magnitude, Ib = max
(IG, 10) or Ib = max (11, 12).

After the compensation of different sensor nominal values, the differential current Id
and the bias current Ib are calculated.

The first fold of the characteristic curve is given by the settable threshold value of the
differential current (Unbiased region threshold) and the bias current limit (Unbiased
region limit).

The second fold of the characteristic curve is defined by the threshold value of the
differential current (Slightly biased region threshold) and the bias current limit
(Slightly biased region limit).

Afterwards a line with a selectable slope (Heavily biased slope) continues the
characteristic.

In case of an external fault characterized from a high fault current, it could happen that
the different CTs do not transform the primary current the same way (even if they have
the same characteristics), allowing the circulation of a differential current through the
protection.
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The tripping characteristic allows facing CT introduced error (for example due to
phase and ratio error, different CT load or magnetic properties), without decreasing
the sensitivity of the differential protection. In fact, in case of high line currents and
high ground current, the higher differential current threshold compensates such an
error even if there are differences about the 10 and IG transformation.

Directional criterion for stabilization against CT saturation

Earth faults on lines connecting the power transformer occur much more often than
earth faults on a power transformer winding. It is important therefore that the
restricted earth fault protection should remain secure during an external fault and
immediately after the fault has been cleared by some other protection.

The directional criterion is applied in order to distinguish between internal and
external earth faults in case of CT saturation, to prevent misoperations at heavy
external earth faults. This criterion is applicable is the residual current [0 is at least 3%
Ir.

For an external earth fault with no CT saturation, the residual current in the lines I0 and
the neutral current IG are equal in magnitude and phase. The current in the neutral IG
is used as directional reference because it flows for all earth faults in the same
direction.

To stabilize the behavior against CT saturation, a phase comparison scheme is
introduced. In case of a heavy current fault with saturation of one or more CT, the
measured currents IG and [0 may no more be equal, nor will their positions in the
complex plane be the same, and a certain value of false differential current Id can
appear.

If the fault is inside of the protection zone, the currents to be compared must have a
phase shift to each other. That is why a so-called relay operate angle ROA (Relay
Operating Angle) is introduced, like shown in Figure 5.5.2.6. The direction of neutral
current is inside the ROA, if it is an internal fault. The direction of both current is
outside the ROA for external faults.
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External
Fault
ROA
; A
Reference
Figure 284: Currents at an external earth fault with CTs saturation

In case of an internal fault, the 10 lies into the operate area for internal fault and the
protection is allowed to operate, see Figure 285.

4
ROA
Y lo

In Reference

Internal
Fault

Figure 285: Currents at an internal earth fault

ROA can be taken out of operation by setting it to 180°, if no CT saturation has to be
considered.

In case the restricted differential is used for the line application, the same
considerations apply by using I1 and 12 neutral currents.
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5.5.2.7 Setting groups
Two parameter sets can be configured for the restricted differential protection
function.
5.5.2.8 Parameters and events
Table 128: Setfing values
Parameter Values Unit Default | Explanation
Reference nominal | 1...100000 A 100 Reference current for CT ratio
current compensation/ currents normalization.
Unbiased region 0.05...0.50 Ir 0.30 First region Id threshold.
threshold
Unbiased region 0.01...1.00 Ir 0.50 First region Ib threshold.
limit
Slightly biased 0.01...2.00 - 0.70 Second region Id threshold.
region slope
Slightly biased 0.01...2.00 Ir 1.25 Second region Ib threshold.
region limit
Heavily biased 0.10...1.00 - 1.00 Third region slope.
region slope
Relay operate 60...180 ° 75 Directional criteria.
angle
Time 0.04..100.0 | s 0.05 Time delay for trip condition detection.
0
Table 129: Events
Code Event reason
EO Protection start
E1 Start cancelled
E6 Trip signal is active
E7 Trip signal is back to inactive state
E16 Block signal is active state
E17 Block signal is back to inactive state
E18 Protection block signal is active state
E19 Protection block signal is back to inactive state
By default all events are disabled.
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5.6.1

5.6.1.1

286

Other protections

Unbalanced load protection

REF 542plus has one unbalanced load protection function.

EX
—R=T Stertf
TEIF[~
EO
UHERALAHCED
LOAD

Figure 286: Unbalanced load protection

Input/output description

Table 130: Inputs

Name Type Description
BS Digital signal (active high) Blocking signal
RST Trigger signal (active low-to-high) Reset signal

When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all the internal registers and timers are cleared. The protection function will then
remain in idle state until the BS signal goes low.

When the reset input pin (RST) is triggered, the protection function is reset.

Table 131: Outputs
Name Type Description
Start Digital signal (active high) Start signal
TRIP Digital signal (active high) Trip signal
BO Digital signal (active high) Block output signal

The START signal will be activated when the calculated negative phase sequence
current exceeds the setting threshold value (Zs).

The TRIP signal will be activated when the start conditions are true and the operating
time has elapsed.

The Block Output (BO) signal becomes active when the protection function exit TRIP
status and remains active for the setting delay time (Reset Time).
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5.6.1.2 Configuration

i Unbalanced Load Protection

Figure 287 General

i Unbalanced Load Protection

Figure 288: Fast I/O

Output Channel different from 0 means a direct execution of the trip, start or block
output command (skipping FUPLA cyclic evaluation).
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Input Channel different from 0 means a different execution of the block command,
that is, skipping the FUPLA cyclic evaluation.

Unbalanced Load Protection i x|

General | Fast 10 Sensors | parameters | Events | pins |

~ Metwork:
% Network 1 € Network 2

(¥ Phase C Lire

W Frazed Sensor 1
W Phase?2 Sensor 2
W Frase s Sensor 3

0K I Cancel Aoply

Figure 289: Sensors

The protection function operates on any set of phase currents in a triple.
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x4
General | Fast O | Sensors Parameters | Events | ins |

Parameter Set Set1 Set 2

Is fprd oo 005.030m
K foo foo  0s5.300
Reset time o o 0.2000s
Timer decreasing rate o o o0.100%

OK I Cancel Apply

Figure 290: Parameters

Is Current threshold for negative sequence condition detection
K Heating parameter to vary time delay for trip condition
Reset Time Time BO output s high (for example to block the re-closing possibility of a motor)

Timer decreasing rate Parameter to vary thermal memory effect
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Unbalanced Load Protection : _!ﬂ

General | Fast 10 | Sensors | Parameters Events | pins |

F 75 E0 Start started
75 E1 Start back
F 7562 Clear Al |
T 75€3
E 75E4 Set Defautt
F 7565
[~ 75 E6 Trip started Save Defaul
[™ 75 E7 Trip back
IE 758 O Eaerd Mk —
T 75e8
IF 75e10
F 75en
F 75e12
IF 75813
!!: 75 E14
75 E15 0000 Hex
E 7518 =l

|»

Figure 291: Events

Unbalanced Load Protection : _!ﬂ

General | Fast 0 | Sensors | Parameters | Events Pins |

IN RST Reset function
IN BS Block signal
OUT Start Start

OUT Trip Trip

ouT BO Block output

P P P e b

ok | cance Apply

Figure 292: Pins

56.1.3 Measurement mode

Unbalanced load protection function evaluates the measured amount of negative
phase sequence current at the fundamental frequency.
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The negative-sequence three phase system L1 - L3 - L2 is superimposed on the three-
phase system that corresponds to the standard phase sequence. This results in different
field intensities in the magnetic laminated cores. The points with particularly high
field intensities, the so-called hot spots, lead to the local overheating.

Operation criteria

If the calculated negative phase sequence current exceeds the setting threshold value
(Is), then the protection function is started and the start signal will be activated.

When the protection enters the START status, the operating time is continuously
recalculated according to the set parameters (K, Is) and the negative phase sequence
current value.

If the calculated operating time is exceeded, the function goes in TRIP status and the
trip signal becomes active.

The protection function will exit the TRIP status and the trip signal will be cleared
when the measured current value falls below 0.4 the setting threshold value. The
operating time depends on the calculated negative phase sequence as follows:

K
f=——

2 2
-1
(Equation 29)

t  Time until the protective function trips under sustained overcurrent
K Heating parameter of the component
I, Calculated negative phase sequence current expressed in In

Is Start threshold expressed in In

According to the standard the characteristic is only defined for [,/1; in the range up to

20. If the values of the mentioned ratio are higher than 20, the operation time remains
constant as the operation time calculated for I/I,= 20.

If a trip is generated, for example in case of a motor protection, the motor should be
blocked for reclosing. The BO signal is dedicated to block the reclosing possibility of
the motor in this case. The BO signal remains active for the reset time after the
functions exit TRIP status.

If the re-closing of the CB is not intended to be blocked, the Reset
Time setting should be 0 or not used, because during the activation of
BO signal the unbalanced load function is taken out of operation.
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Thermal memory

To avoid machine overheating in case of an intermittent negative phase sequence
current, the internal time counter is not cleared when the negative phase sequence
current falls below the start threshold. Instead, it is linearly decremented with time,
using a user-configurable slope (that is timer decreasing rate related to the setting of
the Reset Time). 100% means full memory and 0% means no memory.

5.6.1.5 Setting groups

Two parameter sets can be configured for the unbalanced load protection function.

5.6.1.6 Parameters and events

Table 132: Setting values

Parameter Values Unit Default Explanation
Is 0.05...0.30 | In 0.10 Current threshold for negative

sequence detection

K 0.5...30.0 - 10.0 Heating parameter
Reset time 0...2000 s 60 Time to reset BO after a trip
Timer decreasing 0...100 % 10 Parameter to vary thermal memory
rate effect

Table 133: Events

Code Event reason
EO Protection start on phase L3
E1 Start on phase L3 cancelled
E6 Trip signal is active
E7 Trip signal is back to inactive state
E16 Block signal is active
E17 Block signal is back to inactive state
E18 Protection block is back to inactive state
E19 Protection block is back to inactive state
E20 Reset input is active
E21 Reset input is back to inactive state

By default all events are disabled.

5.6.2 Directional power protection

Directional power protection function can be added as a supervision function with
generators, transformers and three-phase asynchronous motors.
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Figure 293: Directional power protection

5.6.2.1 Input/output description
Table 134: Inpufts
Name Type Description
BI Digital signal (active high) Blocking signal

When the BT signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all the internal registers and timers are cleared. The protection function will then
remain in idle state until the BT signal goes low.

Table 135: Outputs

Name Type Description
Start Digital signal (active high) Start signal
TRIP Digital signal (active high) TRIP signal

The START signal will be activated when the calculated active power exceeds the
setting threshold value (Max Reverse Load) and the power flow is in the opposite
direction to the specified one.

The TRIP signal will be activated when the start conditions are true and the operating
time has elapsed.
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5.6.2.2 Configuration

Directional Power

Figure 294. General

ional Power

Figure 295: Fast I/O

Output Channel different from 0 means a direct execution of the trip or start command,
that is, skipping the FUPLA cyclic evaluation.
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Input Channel different from 0 means a direct execution of the block command, that
is, skipping the FUPLA cyclic evaluation.

Directional Power L x|

General | Fastuo Parameters | Everts | Pins |

Parameter Set Set 1
forward
backward
Mom. Real Power I1ﬁ 1 .. 1000000 ki
Max Rev. Load: IE 1..50%Pn
Op. Time: 10.0 1.0 .10000s

Figure 296: Parameters

Direction Directional criteria to be assessed with Power flow for START detection
Nominal Real Power Power reference Pn for quantities normalization
Max Reverse Load  Power threshold in opposition to set direction for start detection

Operating Time Time delay for trip condition detection
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Directional Power i x|

General | Fast O | Parameters Events | pins |

" 76 EO Start started
[T 76 E1 Start back

F 7sEe2

T 75€3

T 75E4 Set Defaut
IF 7565
[~ 76 E6 Trip started Save Defaul
" 76 E7 Trip back
= 76E8 O Eaerd Mk —
T 768
IF 75 E10
F 7sen
I 75 E12

IF 7se13
= 75 E14 E31..E6

IE 76 E15 foooo Hex

[T 7 F1R Binrk sinnal started

|»
ik

Lo

ok | cancet | oty |

Figure 297: Events

Directional Power i x|

General | Fast O | Parameters | Everts Pins |

1 IN BS Block signal
2 0OUT Start Start
2 0UT Trip Trip

ok | cancel Apply

Figure 298: Pins

56.2.3 Measurement mode

The directional power protection function evaluates the active power at the
fundamental frequency.
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5.6.2.4 Operation criteria
The directional power supervision compares the calculated active power with a preset
nominal value (Pn, Nominal Real Power) and a set power flow direction (Direction).
If the calculated active power exceeds the setting threshold value (Max Reverse
Load), and the power flow is in the opposite direction to the specified one
(“backward”/”forward”), the protection function is started and the start signal is
generated.
The protection function will come back in passive status and the start signal will be
cleared if the calculated active power falls below 0.95 the setting threshold value, or
the power flow changes direction.
When the protection has entered the start status and the preset operating time
(Operating Time) has elapsed, the function goes in TRIP status and the trip signal is
generated.
The protection function will exit the TRIP status and the trip signal will be cleared
when the measured current value falls below 0.4 the setting threshold value.
5.6.2.5 Setting groups
Two parameter sets can be configured for the directional power protection function.
5.6.2.6 Parameters and events
Table 136: Setfing values
Parameter Values Unit Default Explanation
Direction Forward / Backward Directional criteria for
Backward START detection
Nom. active power 1...1000000 kW 1000 Power reference for
normalization
Max reverse load 1...50 % Pn 5 Power threshold for
START detection
Operating time 1.0...1000 S 10 Time delay for trip
condition
Table 137: Events
Code Event reason
EO Protection start
E1 Start cancelled
E6 Trip signal is active
E7 Trip signal is back to inactive state
E18 Protection block signal is active state
E19 Protection block signal is back to inactive state
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By default all events are disabled.

5.6.3 Low load protection

REF 542plus has one low load protection function.

Three-phase asynchronous motors are subject to load variations. The low load
monitoring function is provided to supervise the motor operational conditions for
operation below the required load.

]
E§ Sterkf-

TEIF |-
LoH LOAD

Figure 299: Low load profection

5.6.3.1 Input/output description
Table 138: Inputs
Name Type Description
BS Digital signal (active high) Blocking signal

When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all the internal registers and timers are cleared. The protection function will then
remain in idle state until the BS signal goes low.

Table 139: Outputs

Name Type Description
Start Digital signal (active high) Start signal
TRIP Digital signal (active high) Trip signal

The START signal will be activated when the function is enabled (maximum phase
current above Min. Current) and the calculated active power falls below 0.95 the
setting threshold value (Min. Load).

The TRIP signal will be activated when the start conditions are true and the operating
time (Operating 7Time) has elapsed.
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5.6.3.2 Configuration

Low Load

Figure 300: General

Figure 301: Fast I/O

Output Channel different from 0 means a direct execution of the trip or start command,
that is, skipping the FUPLA cyclic evaluation.
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Input Channel different from 0 means a direct execution of the block command, that
is, skipping the FUPLA cyclic evaluation.

x

General | Fastui0 Sensors | parameters | Events | Pins |

- Network
&+ Netwaork 1 O Network 2

(¥ Phase C Lire

 Measures
¥ Phase1 Sensor 1
¥ Phase 2 Sensor 2
¥ Phase 3 Sensor 3

Figure 302: Sensors

The protection functions operate on any combination of phase currents in a triple, for
example, it can operate as single-phase, double-phase or three-phase protection on
phase currents belonging to the same system.
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General | Fast O | Sensors Parameters | Events | ins |

Parameter Set set 1

Nom. RealPower: fioo0 50 .. 1000000 KW
Min.Load: o §..100 % Pn
Min, Current: [ 2.20%n

Op Time: 100 10..10000 s

oK I Cancel Apply

Figure 303: Parameters

Nominal Real Power Power reference Pn for quantities normalization

Min. Load Power threshold for start detection
Min. Current Current threshold for start detection
Operating Time Time delay for Trip condition detection
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5.6.3.3

302

General | Fast 10 | Sensors | Parameters Events | pins |

[ 77 E0 Start started A
[T 77 E1 Start back
E 77e2
I 7763
5 77 €4 Set Defautt
E 7765
" 77 6 Trip started
[” 77 E7 Trip back
I 7768 .
IF 77ea
F 77 &0
E 77en
F 77E12
IE 77813
II: 77 E14
77 E15
E 77F18 =l

Figure 304: Events

Low Load

General | Fast 0 | Sensors | Parameters | Events Pins |

(3

1 IN BS Block signal
2 0OUT Start Start
2 0UT Trip Trip

Apply

Figure 305: Pins

Measurement mode

The low load protection function evaluates the measured amount of current and of

active power at the fundamental frequency.
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5.6.3.4 Operation criteria
Low load protection function is enabled only if the maximum phase current of the
configured sensors is above the preset threshold value (Min Current). It then
normalizes the active power on a preset nominal value (Pn, Nominal Real Power).
When enabled, if the calculated active power falls below 0.95 the preset threshold
value (Min. Load) the protection function is started and the Start signal is generated.
The protection function will come back in passive status and the start signal will be
cleared if the calculated active power exceeds the setting threshold value.
After the protection has entered the start status and the preset operating time
(Operating Time) has elapsed, function goes in TRIP status and the trip signal is
generated.
The protection function will exit the TRIP status and the trip signal will be cleared
when the calculated active power exceeds 1.05 the setting threshold value.
5.6.3.5 Setting groups
Two parameter sets can be configured for low load protection function.
5.6.3.6 Parameters and events
Table 140: Setfing values
Parameter Values Unit Default Explanation
Nom. real power 1...1000000 | kW 1000 Power reference for normalization
Min load 5...100 % Pn 10 Power threshold for start detection
Min current 2..20 % In 5 Current threshold for start detection
Operating time 1.0...1000 S 10 Time delay for trip condition
detection
Table 141: Events
Code Event reason
EO Start started
E1 Start back
E6 Trip started
E7 Trip back
E18 Protection block started
E19 Protection block back
By default all events are disabled.
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5.6.4

5.6.4.1

304

Frequency supervision
REF 542plus has one frequency supervision function.

It is worth checking the network frequency for it to remain within the set limits when
time and frequency-dependent processes are involved. Frequency changes influence,
for example, the power dissipation, the speed (motors) and the firing characteristics
(converters) of equipment. The frequency supervision function is used to report
frequency variations in a configurable frequency range.

|
ES STRART

Hz

TEIF |-

Figure 306: Frequency supervision

Input/output description

Table 142: Input
Name Type Description
BS Digital signal (active high) Blocking signal

When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all the internal registers and timers are cleared. The protection function will then
remain in idle state until the BS signal goes low.

Table 143: Outputs

Name Type Description
Start Digital signal (active high) Start signal
TRIP Digital signal (active high) Trip signal

The START signal will be activated when the frequency exceeds the setting threshold
value (Start Value).

The TRIP signal will be activated when the start conditions are true and the operating
time (7ime) has elapsed.
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5.6.4.2 Configuration

| Frequency Supervision

Figure 307: General

i Frequency Supervision

Figure 308: Fast I/O

Output Channel different from 0 means a direct execution of the trip command, that
is, skipping the FUPLA cyclic evaluation.
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Input Channel different from 0 means a direct execution of the block command, that

is, skipping the FUPLA cyclic evaluation.

Sensors:

The supervision function selects automatically the best sensor. The function operates
preferably on a voltage sensor, but it can work also on a current sensor.

General | Fastuo Parameters | Everts | Pins |

Parameter Set Set1 Set 2

Start Value |U.20 |U.2|J 0.04 .. 5.00 Hz
Time |10.DU |1D.DU 1.00 .. 30000s

X

Figure 309: Parameters

Start Value Frequency threshold for start condition detection

Time Time delay for trip condition detection
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General | Fast 0 | Porameters Events | pins |
F 54 EO Start started A Set Al |
84 E1 Start back

IF ase2 Clear Al |

I 84 €3

7 84 €4 Set Defaut

IF sses

[ 84 E6 Trip started Save Defaul |

[ 84 E7 Trip back

I= essen e et Aaatcs

7 ssEsn

I s4E10 €15 . €0

I s4E1 o

7 81E12 Hex

IF ssE13

T 8414 i . K8

IE s4E15 0000 Hex

¥ rsF1R =

ok | camcer | cem |
Figure 310: Events
Frequency Supervision I ﬂ
General | Fast O | Parameters | Everts Pins |
- 1 IN BS Block signal
2 QUT Start Start
83 OUT Trip Trip
OK | Cancel Bpply
Figure 311 Pins
5.6.4.3 Measurement mode

The frequency supervision function evaluates network frequency on the measured

value of the first available (voltage or current) sensor.
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5.6.4.4

5.6.4.5

5.6.4.6

308

Operation criteria

If the measured network frequency is outside the allowed range, the supervision
function is started.

If the measured network frequency remains outside the allowed range for at least
operating time setting, a trip signal becomes active.

If the measured network frequency falls outside the allowed range, that is the network
nominal frequency plus/minus the setting threshold value (Start Value), the frequency
supervision function is started and the Start signal is generated.

The frequency supervision function will come back in passive status and the start
signal will be cleared, if the frequency difference to the nominal network frequency
falls below 0.95 the setting threshold value.

When the protection has entered the start status and the preset operating time (7ime)
has elapsed, the function goes in TRIP status and the Trip signal is generated.

The protection function will exit the TRIP status and the trip signal will be cleared
when the measured frequency value falls back within the allowed range, that is the
network nominal frequency plus/minus 0.95 the setting threshold value.

Setting groups

Two parameter sets can be configured for frequency supervision function.

Parameters and events

Table 144: Setting values
Parameter Values Unit Default Explanation
Start value 0.04..5.0 Hz 0.20 Frequency threshold for start
condition detection
Time 1.0...300.00 s 10.00 Time delay for Trip condition
detection
Table 145: Events
Code Event reason
EO Start started
E1 Start back
E6 Trip started
E7 Trip back
E18 Protection block started
E19 Protection block back

By default all events are disabled.
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5.6.5 Synchronism check
REF 542plus has one synchronism check protection function.
Paralleling monitoring is required if two networks are interconnected whose voltages
may differ in quantity, phase angle and frequency as a result of different power
supplies (SYN). The switching operation for coupling the separate systems can be
enabled by the Synchronism Check SYN signal.
|
El |
gy HIHR- T
CHECK
0 SYH|
Figure 312: Synchronism check
5.6.5.1 Input/output description
Table 146: Input
Name Type Description
BI Digital signal (active high) Blocking signal
When the BT signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all the internal registers and timers are cleared. The protection function will then
remain in idle state until the BT signal goes low.
Table 147: Outputs
Name Type Description
Start Digital signal (active high) Start signal
SYN Digital signal (active high) Sync signal
The START signal will be activated when both the differential voltage AU and phase
difference A® between corresponding line voltages of two networks fall below the
setting threshold values (Delta Voltage AND Delta Phase respectively).
The SYN signal to parallel networks will be activated when the start conditions are true
and the operating time (7ime) has elapsed.
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5.6.5.2 Configuration

Figure 313: General

Figure 314 Fast I/O

Output Channel different from 0 means a direct execution of the synchronization
command, that is, skipping the FUPLA cyclic evaluation.
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Input Channel different from 0 means a direct execution of the block command, that
is, skipping the FUPLA cyclic evaluation.

x
General | Fast 0 Sensors | Energizing | Parameters | Everts | Pins |
~Works on
¥ Phase " Line
Metwork 1 — Network 2
Sensor 4 Mo sensor
2 Sensor § Mo sensor
Sensor B Mo sensor

(0] 4 I Cancel Aoply

Figure 315: Sensors

The protection function operates on the combinations of phase (or line) voltages
reported in the following table. The two phase voltages belonging to the two networks
or a line voltage belonging to the second network are needed.

Multifunction Protection and Switchgear Control Unit REF 542plus 311
Protection Manual



Section 5

Protection functions

1MRS755860 G

312

Synchro Check

General | Fast O | Sensors  Energizing | parameters | Everts | Pins |

Parameter Set Set 1 ‘ Set 2

Dead line - Dead bus r L

Dead line - Live bus = »

Live line - Dead bus | I

U Dead line jo.10 jo10 010..080 * Uni

U Live line f1.00 j1.00 050 .1.00 * Uni

U Dead bus joao jo10 040 .. 080 * Un2

U Live bus j1.00 j1.00 0.50 ..1.00 * Un2

Dead time joa jo1 01.200s
Figure 316: Energizing

Dead line — Dead bus Maximum allowed amplitude difference between two synchronous networks

Dead line - Live bus

Live line — Dead bus

U Dead line
U Live line
U Dead bus
U Live bus

Dead Time

Voltage setting to detect dead line condition

Voltage setting to detect live line condition

Voltage setting to detect dead bus condition

Voltage setting to detect live bus condition

Time delay for detection of synchronism condition

Maximum allowed phase difference between two synchronous networks
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General | Fast 0 | Sensors | Energizing Parsmeters | everts | pins |

Parameter Set Set1 Set 2

Defta Voltage |UE 0.05 002 ..040 * Und
Detta Phase |10 |10 5.50°
Tirne |100.m |1C0.CIZI 020 ..1000.00 s

OK I Cancel Apply

Figure 317: Parameters

Delta Voltage Maximum allowed amplitude difference between two synchronous networks
Delta Phase  Maximum allowed phase difference between two synchronous networks

Time Time delay for detection of synchronism condition

x

General | Fast 0 | Sensors | Energizing | Parameters Everts | pins |

[ 85 ED Start started A
Clear Al |

E4 Set Defautt
ES

0 o
L}
2
|
1
Eii

Sadal E15.. ED
D000
= 85 E12 Hex

E31 .. E16
IE s5E15 0000 Hex

2k | Cancel | Apply |

Figure 318: Events
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5.6.5.3

5.6.5.4

314

x

General | Fast O | Sensors | Energizing | Parameters | Everts Pins |

L 1 IN BS Block signal

st (2 QUT  Start Start
-1 (79 OUT Synchro:

oK I Cancel

Figure 319: Pins

Measurement mode

Synchronism check protection function evaluates the measured amplitude and the rate
of change of differential voltage between two networks corresponding the line
voltages.

Operation criteria

The synchronism check protection function monitors the differential voltage AU
between corresponding line and phase voltages of two networks and their phase
difference A®.

If the measured differential voltage and phase difference fall below the setting
threshold values (Delta Voltage AND Delta Phase respectively), the synchro check
protection function is started.

The protection function will come back in passive status and the start signal will be
cleared if differential voltage and phase difference exceed 1.05 the setting threshold
value. After the protection has entered the start status and the preset operating time

(Time) has elapsed, the signal for parallel switching of networks (SYN) is generated.

The protection function will exit the synchro status and the SYN signal will be cleared
when the start conditions on differential voltage and phase difference values become
false. Delta Voltage Maximum allowed amplitude difference between the two
synchronous networks.
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The determination of the setting of the synchronism check function is shown in an
example below. If two networks must be switched in parallel, the voltage amplitudes
in both networks must first be almost the same and should have approximately the
value of the rated voltage.

As long as the frequencies in the networks are different, the two networks can
naturally not be synchronized. A phase displacement will therefore occur between the
two voltages that are compared.

As aresult, a voltage difference occurs as a function of time. This voltage difference
is the criteria for whether the two systems can be switched in parallel. The voltage
condition are shown in an example in the following diagram.

s

Figure 320: diagram of the voltage quantities with unequal frequencies.

As shown in the diagram, the phase difference that needs to be set depends on the
setting of the differential voltage as follows:

AU
AS = arctan| —
U

Ad Setting the phase difference

(Equation 30)

AU Setting the differential voltage as start value

U Rated voltage as reference quantity

The equation for the required voltage difference can be calculated as follows:
AU =UtanAé
(Equation 31)

A time window t, which is equal to the time setting, can be used to check the frequency
variation
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L _2TA8 f,
©360° Af
(Equation 32)
t  Time window to check frequency deviation
T, Period duration at rated frequency
f, Rated frequency

Af  Frequency difference

As long as the frequency deviation remains within the allowable limit, the set time
expires and generates the signal "SYN" to be formed for parallel switching of both
networks.

An example of the calculation of the setting is as follows:

In a system with 50 Hz rated frequency the voltage deviation may be 20%.
Consequently, the setting of the phase shift according to the above calculation is, at the
maximum 11°. The minimum time setting can then be calculated according to the
above equation to be 0.6 seconds.

5.6.5.5 Setting groups

Two parameter sets can be configured for the synchronism check protection function.

5.6.5.6 Parameters and events
Table 148: Setfing values
Parameter Values Unit Default Explanation
Delta voltage 0.02...0.40 Un 0.05 Max amplitude difference
Delta phase 5...50 ° 10 Max phase difference
Time 0.2...1000 s° 100.00 Time delay for synchro detection
Table 149: Events
Code Event reason
EO Protection start
E1 Start cancelled
E6 Synch is present
E7 Synch is not present
E18 Protection block is active
E19 Protection block is back to inactive

By default all events are disabled.
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5.6.6 Switching resonance protection
REF 542plus has one switching resonance protection function, to be used together
with the power factor controller and the high harmonic protection.
Stwrt L1
Sturt L2
Skwrt L3
TRIF
REZOHAMCE
Figure 321: Swifching resonance protection
5.6.6.1 Input/output description
Table 150: Inputs
Name Type Description
BS Digital signal (active high) Blocking signal
PFC OP Trigger signal (active low-to-high) PFC operation trigger
When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all the internal registers and timers are cleared. The protection function will then
remain in idle state until the BS signal goes low.
The PFC OP trigger is provided by the PFC function block to temporarily enable the
resonance protection function at switching-in or switching-out of PFC controlled
capacitor banks.
Table 151: Outputs
Name Type Description
Start L1 Digital signal (active high) Start signal of IL1
Start L2 Digital signal (active high) Start signal of IL2
Start L3 Digital signal (active high) Start signal of IL3
TRIP Digital signal (active high) Trip signal
START L1, START L2 and START L3 are the phase selective start signals. The
phase starting signal will be activated when respective phase current start conditions
are true.
The TRIP signal will be activated when at least for one phase current the start
conditions are true and the operating time has elapsed.
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5.6.6.2 Configuration

i Switching Resonance Protection

Figure 322: General

i Switching Resonance Protection

Figure 323: Fast I/O

Output Channel different from 0 means a direct execution of the trip or general start
command, that is, skipping the FUPLA cyclic evaluation.
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Input Channel different from 0 means a direct execution of the block command, that

is, skipping the FUPLA cyclic evaluation.

Switching Resonance Protection ) .l‘.l

General | Fastti0 Sensors | parameters | Events | Pins |

~ Netwark
+ Metwork 1 O Netwark

~Works on
(¥ Phase | Lire

~ Measures
W Frase1 Sensor 4
W Prase2 Sensor &
¥ Fhased Sensor &

Figure 324. Sensors

The protection function operates on any combination of line or phase voltages in a

triple, for example, it can operate as single-phase, double-phase or three-phase
protection on voltages belonging to the same system.
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x4
General | Fast U0 | Sensors  Parameters | Everts | ins |

Parameter Set Set1 Set 2

Woltage THD Startvalue |5 |5 5..60%
Detta Voltage THD Startvalue |2 |2 1.50%
Voltage THD Time Delay 0.03 0.03 001 ..60.00s

Time 010 040 005 .. 6000 s

PFC OP Time |0.Dﬁ |0.Dﬁ 001 . 12000=
Rms Wolage Startvalue |0.5Cl |D.5|J 040 ..1.00* Un

oK I Cancel Apply

Figure 325: Parameters

Voltage THD Start value THD amplitude threshold
Delta Voliage THD Start value THD amplitude difference threshold
Voltage THD Time Delay Time delay for THD detection
Time Time delay for trip condition detection
PFC OP Time Enabling time at PFC trigger
Rms Voltage Start value Function enabling voltage threshold condition
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GorﬂrleuﬂUGlSmslPﬁmdnrs thm |
rf: 89 EO Start L1 started 2] sem |
83 E1 Start L1 back
[~ 89 E2 Start L2 started Clear Al |
[~ 89 E3 Start L2 back
[~ 89 E4 Start L3 started Set Defaul
™ 59 E5 Start L3 back
[~ 89 E6 Trip started Save Defaul
[ 89 E7 Trip back
[" 89 EB General start started e et Maatcs =
[ 59 E9 General start back
I7 saenn E16 . ED
IF saen 100
7 saEr2 Hex
IF saEs
I sseis E31 . E16
IE saeis 0000 Hex
B raF1R =
ok | cancet | oty |
Figure 326: Events
X
General | Fast 0 | Sensors | Parameters | Everts Fins |
1 IN BS Block signal
1 IN PFC OP PFC operating
2 OUT StartL1 StartLl
2 OUT StartL? StartL?
2 OUT Startl3 StartL3
83 OUT Trip Trip
OK | Cancel el
Figure 327: Pins
5.6.6.3 Measurement mode

Switching resonance protection function evaluates the amount of voltage RMS with
harmonic content up to the 25th harmonic and THD (Total Harmonic Distortion).
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Operation criteria

Operation of switching resonance protection function is triggered by an external
signal connected to input pin PFC OP (provided by the PFC function switch ON/OFF
output pins) and remains enabled for the preset time (PFC OP Time).

At PFC OP trigger instant, the voltage THD values are saved.

While enabled, if there is for at least one phase voltage (respectively line voltage,
depending on the configuration):

e The RMS value is above the preset threshold (Rms Voltage Start value)

e The THD value is above the preset threshold (Voltage THD Start value) for at
least the preset detection time (Voltage THD Time Delay)

*  The variation of THD value with respect to the saved value (that is THD value at
trigger time) is above the preset threshold (that is Delta Voltage THD Start value)
for at least the preset detection time (that is Voltage THD Time Delay)

Then the protection function is started. The start signal is phase selective. When the
above conditions are true at least the for one phase voltage, then the relevant start
signal (START L1, START L2 or START L3) will be activated.

The protection function will remain in START status until there is at least one phase
started. It will come back in passive status and the start signal will be cleared if for all
the phases the voltage falls below 0.95 one of the setting threshold values (Rms

voltage start value OR Voltage THD start value OR Delta Voltage THD start value).

When the protection has entered the start status and the preset operating time (7ime)
has elapsed, the function goes in TRIP status and the trip signal is generated.

Setting groups

Two parameter sets can be configured for the switching resonance protection
function.

Parameters and events

Table 152: Setting values

Parameter Values Unit Default | Explanation
Voltage THD start 5...50 % 5 THD amplitude threshold
value
Delta Voltage THD | 1...50 % 2 THD amplitude difference threshold
start value
Voltage THD time 0.01...60.00 s 0.03 Stabilizing delay for THD detection
delay
Time 0.05...60.00 S 0.10 Time delay for Trip condition detection
PFC OP time 0.01...120.00 s 0.06 Function enabling time at PFC trigger
Rms voltage start 0.10...1.00 Un 0.50 Function enabling Voltage threshold
value condition
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Table 153: Events
Code Event reason
EO Protection start on phase L1
E1 Start on phase L1 cancelled
E2 Protection started timing on phase L2
E3 Start on phase L2 cancelled
E4 Protection start on phase L3
E5 Start on phase L3 cancelled
E6 Trip signal is active
E7 Trip signal is back to inactive state
E16 Block output signal is active
E17 Block output signal is back to inactive
E18 Protection block signal is active state
E19 Protection block signal is back to inactive state
E20 PFC operation started
E21 PFC operation back
By default all events are disabled.
5.6.7 High harmonic protection
REF 542plus has one high harmonic protection function, to be used together with the
power factor controller and the switching resonance protection.
1
E=
Stwrkt L1
Stwrk L2
Stwrk LI
TRIFf~
HIGH
HARMOHIC
Figure 328: High harmonic profection
5.6.7.1 Input/output description
Table 154: Input
Name Type Description
BS Digital signal (active high) Blocking signal

When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
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all internal registers and timers are cleared. The protection function will then remain
in idle state until BS signal goes low.

Table 155: Outputs

Name Type Description
Start L1 Digital signal (active high) Start signal of IL1
Start L2 Digital signal (active high) Start signal of IL2
Start L3 Digital signal (active high) Start signal of IL3
TRIP Digital signal (active high) Trip signal

START L1, START L2 and START L3 are the phase selective start signals. The
phase starting signal will be activated when respective phase current start conditions
are true.

The TRIP signal will be activated when at least for a phase current the start conditions

are true and the operating time has elapsed.

5.6.7.2 Configuration

High Harmonic Protection L x|

General | Fast 10 | Sensors | Parameters | Events | Pins |

Field bus address E

High Harmonic Protection .

Fast output channel
Trip 0
GenStart 0

Fast input channel
Blockinp1 0
Block Inp2 0

Used Sensors
Metwork 1
Phase 1 (Sensor 4) ;I

Figure 329: General
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High Harmonic Protection R _!ﬂ

General Fast IO | Sensors | Parameters | Events | pins |

~ Fast output channel

Trip b~ 0.8
GenStart b~ o.s

~ Fast input channel
Biockinp1 b 0.14
Blockinp2 o 0.14

ok | cancel Apply

Figure 330: Fast /O

Output Channel different from 0 means a direct execution of the trip or general start
command, that is, skipping the FUPLA cyclic evaluation.

Input Channel different from 0 means a direct execution of the block command, that
is, skipping the FUPLA cyclic evaluation.

X
General | Fast 10 Sensors | parameters | Events | pins |
~ Network
+ Metwork 1 O Network 2
~Works on
{* Phase € Une
~ Measures
F Fraseq Sensor 4
W FPhase 2 Sensor &
¥ Frases Sensor 6
OK | Cancel Aeply
Figure 331 Sensors

The protection function operates on phase or line voltages in a triple.
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x4
General | Fast U0 | Sensors  Parameters | Everts | ins |

Parameter Set Set1 Set 2

Vokage THD Startvalue o e s.s0%

Vottage THD Time Delay psa~  [pso oo .3s000s
Tire oo~ [ps0  o00s5.38000s
Rins Voage Startvaiue foso foso  010.1.00%Un

OK I Cancel Aoply

Figure 332: Parameters

Voltage THD Startvalue  THD amplitude threshold
Voltage THD Time Delay Time delay for THD detection
Time Time delay for Trip condition detection

Rms Voltage Startvalue  Function enabling Voltage threshold condition
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High Harmonic Protection R _!ﬂ

General | Fast 10 | Sensors | Parameters Events | pins |

F 93 E0 Start L1 started
93 E1 Start L1 back
[~ 93 E2 Start L2 started Clear Al |
[~ 93 E3 Start L2 back
[~ a3 E4 Start L3 started Set Defaut
™ 93 E5 Start L3 back
™ 93 E6 Trip started Save Defaul
[ 93 E7 Trip back
[” 93 E8 General start started ~ Evant Masks —
Fmﬁmusmm
93 E10

E15 . ED
IF asen
IF a3E12
IF a3E13
IE a3Eis
IF a3E15 0000 Hex
T azFis =

|»
\i
3

Figure 333: Events

High Harmonic Protection R _!ﬂ

General | Fast 0 | Sensors | Parameters | Everts Pins |

1 IN BS Block signal
2 OUT Startl1 StartlLl

2 OUT Startl2 Startl2

2 OUT Startl3 Startl3

79 0OUT Trip Trip

oK | cancel Apply

Figure 334. Pins

56.7.3 Measurement mode

High harmonic protection function evaluates the measured amount of voltage RMS
and THD (Total Harmonic Distortion).
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Operation criteria

If there is at least one phase voltage (respectively line voltage, depending on the
configuration):

*  The RMS value is above the preset threshold (Rms Voltage Start value)
*  The THD value is above the preset threshold (Voltage THD Start value) for at
least the preset detection time (Voltage THD Time Delay).

Then the protection function is started. The start signal is phase selective. It means that
when the above conditions are true at least the for one phase voltage, then the relevant
start signal (START L1, START L2 or START L3) will be activated.

The protection function will remain in START status until there is at least one phase
started. It will come back in passive status and the start signal will be cleared if for all
the phases the voltage falls below 0.95 one of the setting threshold values (Rms OR
Voltage THD OR Delta Voltage THD).

When the protection has entered the start status and the preset operating time (7ime)
has elapsed, the function goes in TRIP status and the trip signal is generated.

Setting groups

Two parameter sets can be configured for the high harmonic protection function.

Parameters and events

Table 156: Setting values
Parameter Values Unit Default Explanation
Voltage THD 1...50 % 10 THD amplitude threshold
start value
Voltage THD 0.01...360 s 0.50 Stabilizing delay for THD detection
time delay
Time 0.05...360 S 0.50 Time delay for Trip condition detection
Rms voltage 0.10...1.00 Un 0.50 Function enabling Voltage threshold
start value condition
Table 157: Events
Code Event reason
EO Start L1 started
E1 Start L1 back
E2 Start L2 started
E3 Start L2 back
E4 Start L3 started
E5 Start L3 back

Table continues on next page
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Code Event reason
E6 Trip started
E7 Trip back
E16 Block signal started
E17 Block signal back
E18 Protection block started
E19 Protection block back

By default all events are disabled.

5.6.8 Frequency protection

REF 542plus can install up to 6 frequency protection functions per protected net.

The frequency protection function is used to detect frequency variations in a
configurable amplitude and rate of change frequency range.

|

ES  STRRT|-
Hz TRIF |-
O ELuER

FREQLLEHCY
FREOTECTIOH

Figure 335: Frequency protection

5.6.8.1 Input/output description
Table 158: Input
Name Type Description
BS Digital signal (active high) Blocking signal

When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all internal registers and timers are cleared. The protection function will then remain
in idle state until the BS signal goes low.

Table 159: Outputs
Name Type Description
Start Digital signal (active high) Start signal
TRIP Digital signal (active high) Trip signal
BLOCK Digital signal (active high) Block output signal
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The START signal is activated if the start condition is fulfilled. If the setting value of
the start signal is selected below the nominal frequency, the protection function
operates as underfrequency protection. If the setting value is selected above the
nominal frequency, the protection function operates as overfrequency protection.
Also the rate rise of the frequency decrease or increase can be detected. The TRIP
signal is generated according to the selected setting of the trip logic. The BLOCK
output signal appears if the line voltage or the phase voltage depending on the setting
parameter is below the setting value of the undervoltage threshold value.

5.6.8.2 Configuration

Frequency Protection Net 1 ) ﬁl

General | Fast 10 | Trip Logic | Sensors | Parameters | Events | pins |

Field bus address |1a Stage |1 "'|

[~ Description 1
Frequency Protection MNet 1 Stage 1 - |
Fast output channel
Trip o
Start 0
Block Out 0

Fast input channel

Blockinpl o
Blockinp2 0
Used Sensors
Metwork 1 ;I

Figure 336: General
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Frequency Protection Net 1

General Fast IO | Trip Logic | Sensors | Parameters | Everts | Pins |

- Fast output channel
Trip |5| 0.8
Start b~ o.s
Block Out o 0.8
- Fast input channel
BlockInpt o 0.14
Blockinp2 IEI 0.14
ok | cancel Al
Figure 337: Fast /O

Output Channel different from 0 means a direct execution of the trip, start or block

output command, that is, skipping the FUPLA cyclic evaluation.

Input Channel different from 0 means a direct execution of the block command, that

is, skipping the FUPLA cyclic evaluation.

Frequency Protection Net 1

General | Fast 10 Trip Logic | Sensors | Parameters | Everts | Pns |

~ Trip Logic

' Frequency Only

" Frequency AND frequency gradient

" Frequency OR frequency gradiert

x|

o |

Apply

Figure 338:

Trip Logic
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Frequency Protection Net 1 _!5_[

General | Fast 40 | Trip Logic  Sensors | parameters | Everts | pins |

-~ Metwork
% Network 1  Network 2

-~ Works on
~ Phase * Line

-~ Measures
W Une1-2 Sensor 4, Sensor &
V¥ Lre23 Sensor 5, Sensor B
W Lneaq Sensor B, Sensor 4

OK I Cancel Apply

Figure 339: Sensors

The protection functions can operate on any combination of phase or line voltages in
a triple, for example, it can operate as single phase or double phase, three-phase
protection on voltages belonging to the same system. The default setting is to use the

line voltage.
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Frequency Protection Net 1 ] _El

General | Fast O | Trip Logic | Sensors Parameters | Events | pins |

Parameter Set Set1 Set 2
Start value |49.95 49.95 40,00 .. 75.00 Hz

Frequency aradient IT IF 00 .. 1. 00HZE
Tirne |U.5C| |D.5|:| 005 .. 30000 =
Underyoltage threshold |U.20 ID.?D 040 ..1.00 * Un

Figure 340: Parameters

Start value Delta frequency amplitude threshold, with respect to the rated network
frequency fr. If set below fr, it behaves as underfrequency, otherwise as
overfrequency.

Frequency gradient Rate of frequency change threshold

Time Time delay for Trip condition detection
Undervoltage Minimum voltage threshold to be exceed for protection enabling, otherwise it is
threshold blocked
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x
qudlfmﬂolmtmlSmalPuMus Emsli’hs |
rl':mafastmstmw =
150 E1 Start back
= 150 E2 Clear Al |
IF 150E3
5 150 €4 Set Defautt
I 150E5
™ 150 E6 Trip started Save Defaul
™ 150 E7 Trip back
I~ 1s50e8 — Ewvent Masks ——
T 150E8
7 1s0E10 €15 E0
I 1s0E11 100
T 1s0E12 Hex
IF 18013
IF 150E14 E31..E6
I 150 Ei5 0000 Hex
[T 180 F1R Rinck sinnal started =l
ok | cancet | oty |
Figure 341: Events
x

General | Fast 0 | Trip Logic | Sensors | Parameters | Everts Pins |

1 IN BS Block signal
2 O0OUT Start Start
79 OUT Trip Trip
2 0UT BO Block output

ok | cance Apply

Figure 342: Pins

5.6.8.3 Measurement mode

Frequency protection functions evaluate the frequency and/or the frequency gradient
of voltage signals through the zero-crossing detection of the voltage measurement
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quantity. The measure is performed on the first voltage measure available above the
minimum voltage amplitude (Undervoltage threshold).

Operation criteria

The start condition and trip logic is selected by the user and it can be:

*  Frequency only (only frequency value is considered)

*  Frequency and frequency gradient (both the values must exceed thresholds to
have a start and trip)

*  Frequency or frequency gradient (at least one of the values must exceed the
threshold to have a start and trip)

Depending on the set frequency threshold (Start Value) with respect to the network
rated frequency, the protection function behaves either as underfrequency or
overfrequency protection. For example, if the set frequency threshold is below rated
frequency value, the protection function behaves as underfrequency).

The condition on frequency gradient, when used, is in the same direction as the
condition on frequency. For example, if the protection function is set as
underfrequency, the frequency gradient is significant only if it is negative and if the
actual frequency is below the rated value.

If the frequency cannot be measured or one of the three phases or line voltages
(according to the selected setting parameter) falls below 0.95 the Undervoltage
threshold value, the protection function is blocked and a block signal is generated.
Internally the trip time counter is frozen to the present counter value. The protection
function will exit the block status and clear the block signal if the minimum voltage
amplitude rises above the setting threshold value.

Do not set the Undervoltage threshold value too close to 1. The
calculated value of the voltage itself is also dependent on the
frequency due to the impacts of the applied sampling rate. If the
frequency goes down, the calculated value of the voltage might be
lower than the actual voltage value, which again will lead to an
unwanted blocking of the protection.

In case the minimum voltage amplitude is above the undervoltage threshold value and
the frequency can be measured, the start condition is fulfilled if the value of the
measured frequency is below or exceeds the Start value setting parameter. For setting
the value above the rated frequency the overfrequency condition will be detected. On
the contrary an underfrequency condition will generate the start signal. For selecting a
Trip Logic with Frequency gradient, the start signal will be generated similarly. The
Frequency gradient is positive for overfrequency condition and negative for
underfrequency condition.

The protection function will exit the Trip status and the trip signal will be cleared when
all the start conditions fall below 0.95 of the calculated threshold value setting (Start
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Value and/or Frequency gradient). For example, if the setting for the frequency
protection with 50 Hz rated frequency is selected as following:

Start Value
Undervoltage threshold

49 Hz
0.7 Ur

The resetting value for the Start Value is 50 Hz—0.95 (50 Hz— 49 Hz) =49.05 Hz and
for the Undervoltage threshold is 0.7 Ur / 0.95 = 0.74 Ur.

When the protection has entered the start status, if the above conditions remain true
and the preset operating time (7ime) has elapsed, the function goes in TRIP status and

the trip signal is generated.

The protection function will exit the TRIP status and the trip signal will be cleared
when all the start conditions fall below 0.95 the setting threshold value (Start Value

and/or Frequency gradient).

Setting groups

Two parameter sets can be configured for each of the frequency protection functions.

Parameters and events

Table 160: Setfing values
Parameter Values Unit Default Explanation
Trip criteria f/f_AND_df/dt / - f Definition of start/trip criteria
f_OR_df/dt
Start value 40.00...75.00 Hz 49.95 Delta frequency amplitude
59.95 threshold
Frequency 0.10...1.00 Hz/s 0.50 Rate of frequency change threshold
gradient
Time 0.10...30.00 S 0.50 Time delay for trip condition
detection
Undervoltage 0.10...1.00 Un 0.20 Minimum voltage threshold function
threshold block/enabling
Table 161: Events
Code Event reason
EO Protection start
E1 Start cancelled
E6 Trip signal is active
E7 Trip signal is back to inactive state
E16 Block output signal is active state

Table continues on next page
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Code Event reason
E17 Block output signal is back to inactive state
E18 Protection block signal is active state
E19 Protection block signal is back to inactive state
By default all events are disabled.
5.6.9 Circuit-breaker failure protection
REF 542plus contains the circuit-breaker failure protection (CBFP) to initiate the
isolation of the system fault by the other adjacent circuit breakers.
27
1
ES
~ EXTRIG.
CEBFF  START
EXT.CE 0 TRIF
IHT.CE 1
Figure 343: Circuit-breaker failure protection (CBFP)
5.6.9.1 Input/output description
Table 162: Input
Name Type Description
BS Digital signal (active high) Blocking signal
EX TRIG Trigger signal (active high) External trigger

When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all internal registers and timers are cleared. The protection function then remains in
idle state until the BS signal goes low.

Name Type Description
START Digital signal (active high) Start signal
TRIP Digital signal (active high) Trip signal

The START signal is generated when an internal or external trigger is detected.

The internal trigger opens the circuit breaker due to a TRIP of a configured protection.
The external trigger is a low to high transition of the EX TRIG input pin.
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The trigger activates the CBFP only if the flowing current is exceeding the open
current threshold value. The START signal drops when all the phase currents fall
below the current threshold value.

The TRIP signal occurs when the CBFP detects a start condition and at least one phase
current exceeds the set current threshold at timer expiration. The TRIP signal drops
again after all the phase currents fall below the 40% of the current threshold.

5.6.9.2 Configuration

=
Genersi | Fast 10 | Sensors | Settings | Protections | Everts | Pins |

Field bus address El

L =
CE Failure Protection -

Fast output channel
Trip (1]
Start 0

Fast input channel
BlockInpt 1]
Blockinp2 1]

Used Sensors
MNetwork 1

Phase 1 (Sensor 1) ll

Figure 344: General
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General Fast VO |5um|m|mm|m|m |
- Fast output channel
Trip |0 0.8
Start [o 0.8
Fast input channel - -
Blockinp? b 0.14
Blocking2 o 0.14
[ ok | canca
Figure 345: Fast I/O
Output Channel different from 0 means a direct execution of the external circuit
breaker trip or start command, that is, skipping the FUPLA cyclic evaluation.
Input Channel different from 0 means a direct execution of the block command, that
is, skipping the FUPLA cyclic evaluation.
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CB Failure Protection x|

Genersi | FastO  Sensors | Settings | Protections | Everts | Pns |

- Metwiork
& Metwork 1 ! Netivork 2

- Measures -
¥ Phase 1 Sensor 1
V¥ Phase 2 Sensor 2
¥ Phase 3 Sensor 3

Figure 346: Sensors

The protection functions operate on any combination of phase currents in a triple, for
example, it can operate as single-phase, double-phase or three-phase protection on
phase currents belonging to the same network.
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CB Failure Protection x|

Genersi | Fast 1O | Sensors  Settings | protections | Everts | Pns |

Operating
s ]
CE Open channel |1 0.8

~ Parameters — al
Parameter Set Set1 Set 2

Open current |D.DSD IEDS(J 0.050 .. 40,000 * In
Faiure time fooso  foosc 0040300000

Figure 347: Settings

Status Operating status
CB Open Internal circuit breaker open channel. It is taken, if available, from the switching object
Channel 2-2 configured as circuit breaker or from PTRC General. If not available, it has to be

set with the output channel used to open the internal circuit breaker.
Open Current Current threshold for internal circuit breaker open detection

Failure time Time for the protection wait before generating trip signal. Depending on the related
circuit breaker open time.
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Figure 348: Protection

Selection of protection functions which trigger the circuit breaker failure protection.

SIS S S St 1TSS )]

Figure 349: Events
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CB Failure Protection x|

General | Fast 11O | Sensors | Settings | Protections | Events Pins |

I’

IN BS Block signal
IN EX TRIG. External Trigger
OuUT Start Start

3 OUT Trip Trip

H
xR,
CBFP  smarf

EXLCH TRIF -
INTCR

OO Py e o

Figure 350: Pins

Measurement mode

The CBFP function evaluates the current RMS value at the fundamental frequency.

Operation criteria

When the CBFP detects an internal circuit breaker failure or is activated by an external
trigger, it starts a timer. If the overcurrent condition in one phase still exists after the
timer has expired, the CBFP generates a trip signal at the output channel indicating
that the related internal circuit breaker has failed to operate.

If a trigger occurs while CBFP is blocked, the trigger will never be
processed also in case the trigger condition is still present after the
disappearing of the blocking state.

Setting groups

Two parameter sets can be configured for the CBFP function. Switch-over between
the parameter sets can be performed in dependency of the network configuration. If
this is not required, set 1 and set 2 can be parameterized identically to avoid wrong

setting if switch-over of parameters has happened accidentally.
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Parameters and events

Table 163: Seffing values
Parameter Values Unit Default Explanation
Status On/Off On Operating status
CB Open 0...max. output 0 Internal CB open channel
channel channel
Open Current 0.050...40.000 In 0.0500 Current threshold for start
Failure time 0.040...200.000 s 0.080 CB time to open
Table 164: Events
Code Event reason
EO Protection start
E1 Start is cancelled
E6 Trip signal is active
E7 Trip signal is back to inactive
E18 Protection block is started
E19 Protection block is back to inactive
E20 External trigger is started
E21 External trigger is back to inactive

By default all events are disabled.

Switching onto fault protection

The switch onto fault protection is introduced in release 3.0, starting from version
V4F08x. It is designed as a separate and autonomous function block in order to control
the closing sequence of the circuit breaker to energize a disconnected line back to the
electrical system. If during the energizing procedure a fault occurs, the switch onto
fault protection generates a trip command to open the circuit breaker again.

ES

SOTF
START

0 TRIF

Figure 357:

Switch onfo fault
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5.6.10.1 Input/output description
Table 165: Inputs, common fault detection
Name Type Description
BS Digital signal (active high) Blocking signal
When the BS signal becomes active, the protection function is reset, regardless of its
state. This means that all the output pins go low, generating the required events, if any,
and all the internal registers and timers are cleared. The protection function remains
in the idle state until the BS signal goes low.
Table 166: Outputs, common fault detection
Name Type Description
START Digital signal (active high) Start signal
TRIP Digital signal (active high) Trip signal
The START signal is activated when the respective start condition is true, that is, the
phase currents exceed the setting threshold value without or with voltages lower than
the setting threshold value. If the switching onto fault operates depending on the
distance protection, its starting conditions are used to activate the switch onto fault
protection.
The TRIP signal is activated when at least for the start the conditions are true and the
operating time has elapsed.
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— Description

Configuration

SwitchOnToFault Nek 1

General | Fast 110 | Current | Vokags | settings | Events | Pins |

Field bus address 292

SwitchOnToFault ket 1 S

Faszt output channel
Trip a
Start 0

Fast input channel
Elock I 1]
Block Inp2 a

Operating Status On
Fault criteria 1= QR (IF = AND UF <)

Ok I Cancel | Aol

Figure 352: General
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SwitchOnToFault Met 1

Genersl Fast O | Current | Yaltage | Settings | Everts | Pinz |

— Fast output channel

Trin [ o.s
Start [0 0.8

— Fast input channel

Block Ingp ID 0.14
Blocklngp2 ID 0.14

Ok I Cancel Aol

Figure 353: Fast /O

Trip Generate trip signal from the subsequent zones
Start Generate general start signal from the subsequent zones
Blockinp1 Block the operation of all zones

Blockinp2 Block the operation of all zones

Fast output/input channel different from 0 means a direct execution of the trip

command, that is, skipping the FUPLA cyclic evaluation.
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SwitchOnToFault Net 1 x|

General | Fast o Current |‘\f|:||tage| Seftings | Events | Pins |

— Metwark

& pletwark 1 1 hetwork 2

— Connection

% Phaze  Line

— Measures
¥ Phasze1 Senzar 1
¥ Phase 2 Sensor 2

¥ Phase 3 Sensor 3

Ok I Cancel Aol

Figure 354: Current

The protection function operates on any combination of the phase current in a triple.
For example, it can operate as a single-phase, double-phase or three-phase protection
on the phase currents belonging to the same network.

SwitchOnToFault Net 1 |

General | Fast 10 | current Voltage | settings | Everts | pins |

— Metwark

& pletwark 1 1 hetwork 2

—Wiarks an

" Phase & Line

— Measures
¥ Line 12 Sensor 4, Sensor 5
V¥ Line 23 Sensor 5, Sensor 6

V¥ Line 3-1 Sensor 6, Sensar 4

Ok I Cancel Aol

Figure 355: Voltage
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The protection function operates on any combination of the phase or line voltage in a

triple. For example, it can operate as a single-phase, double-phase or three-phase
protection on the phase currents belonging to the same network.

SwitchOnToFault Nek 1

General I Fast I.l'Ol Current I Yoltage Settings |Events I Pinz I

Operating

Status Iﬂ

CH Close channel |1— 0.8

Fault criteria || N j

Parameters

Parameter Set Set1 Set 2

> W W 0.050 ., 40,000 * In

I |0_5|:||:| In_snn 0050/, 4000 * I

UF = [psoo Joson ooso.osoosun

= [oso0 Josoo | aosn 4nonnsin

Op.Time After CE close W W 0400 .. 5000 =

’Tl Cancel | Apply
Figure 356: Settings

Status Operating status
CB Close channel Output channel used for the CB closing operation
Fault criteria Criteria used for fault detection after closing the circuit breaker
/> Current threshold for overcurrent condition detection
IF> Current threshold for overcurrent condition detection
UF< Voltage threshold for undervoltage condition detection
IN> Current threshold for earth or residual current condition detection

Op. Time after CB Close Time duration for fault monitoring
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SwitchOnToFault Net 1 x|

Genersl | Fast {0 | Current | Yaltage | Settings  Events | Pinz

[T 202 E0 Start started - Set Al
[T 292 E1 Start back

[T 202 E2 Clear Al |

[T za2E3

[T zazE4 Set Default |

[T zaz2e5

|- 282 E6 Trip started Save Default |

[ 282 E7 Trip back

||: 292 E8 - — Ewerit Masks ——
292 E8
[T 23z E10 p—
[T 23z En =

[oo0o
[T zs2E12 Iz
[T 232 E13

E31 . E16
[T 292 E14
[T 292 E15 |DDDD Hex
[C o972 kR LI

Ok | Cancel | Aoply |

Figure 357: Events

SwitchOnToFault Net 1 |

Generall Fast I.l'Ol Current I Yoltage I Settings I Events Finz |

- 1 IN BS Block signal

OTF 2 O0OUT Start Start
mirl- | [2 OUT  Trip  Trip

TRIF [~

Ok I Cancel Apply

Figure 358: Pins

5.6.10.3 Operation mode

The switch onto fault protection is used to monitor the protected line during the
closing of the circuit breaker. If a fault on the monitored line is detected, the switch

350 Multifunction Protection and Switchgear Control Unit REF 542plus
Protection Manual



1MRS755860 G Section 5
Protection functions
onto fault protection trips the circuit breaker according to the operation time of the
configured protection functions.
Depending on the connection of the measurement transformers to REF 542plus, only
current transformers or current and voltage transformers, the detection of the fault can
be performed with the following criteria:
e Overcurrent I>
*  Overcurrent controlled by undervoltage > OR (IF> AND UF<)
As soon as a fault condition is detected after closing the circuit breaker, the switch onto
fault protection is started for the time duration according to the value of the setting
parameter Operation time after CB close.
The value of Operation time after CB close must be set higher than the
operation time setting of the configured protection in the application.
If the switch onto fault protection is configured with the distance protection V2, it is
recommended to use the related overreach zone in order to cover the whole length of
the line to be protected. In this case, the operation time of the circuit breaker is
determined with the time setting of the distance protection V2 overreach zone.
5.6.10.4 Setting groups
Two parameter sets can be configured for the distance protection V2 function. A
switch-over between the parameter sets can be performed depending on the network
configuration. If this is not required, set 1 and set 2 can be parameterized identically
to avoid a wrong setting if the switch-over of the parameters has happened
accordingly.
5.6.10.5 Parameters and events
Table 167: Setting values
Parameters Values Unit Default Explanation
Trip 0..8 0 Fast output channel
Start 0..8 0 Fast output channel
Blocklnp1 0...14 0 Fast input channel
Blockinp2 0..14 0 Fast input channel
Status On/Off On Operating status
CB Close channel | 0...8 0 Binary output channel used to
close the circuit breaker
Fault criteria I>; I> OR (IF> > Criteria for detection of fault
AND UF<); condition
Overreach zone
1> 0.05...40.00 In 1.00 Overcurrent condition
IF> 0.05...40.00 In 0.50 Overcurrent condition
Table continues on next page
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Parameters Values Unit Default Explanation
UF< 0.05...0.900 Un 0.50 Undervoltage condition
IN> 0.05...40.00 In 0.50 Residual overcurrent condition
Op. Time after CB | 0.100...5.000 s 0.200 Operation time
close
Table 168: Events
Code Events
EO Protection start on phase L1
E1 Start on phase L1 canceled
E6 Trip signal active
E7 Trip signal back to inactive status

5.7 Trip conditioning

The trip conditioning function block (PTRC) is designed similarly to the same logical
node in IEC 61850 standards. The advantage of this approach is to generate start and
trip events tagged with correct time stamps, and to avoid delay due to FUPLA cycle
time.

1
ES

FTRC GEH.5TRRT

1 TRIF

General

Figure 359: PTRC general

1
ES

START L1

START L2 |-

PTRC START L1
GEN.START [~

TRIF

Ower Current

Figure 360: PTRC overcurrent profection
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1
ES

START [~
PTRC GEH.5TART [~

TEIF

Earth Fault
Figure 361: PTRC earth fault protection

1
E§

START L1

START L2

PTRC START L3
ZEH.S5TART

TRIF

Ower Yoltage

Figure 362: PTRC overvoltage profection

]
ES

START L1

START L2

PTRC START L3
ZEM.5TART

TRIF

Under Voltage

Figure 363: PTRC undervoltage protection

The PTRC model includes four possible intermediate PTRC instances to collect the
signals from protection functions belonging to the same family and one general PTRC
instance to collect the signals from all installed protection functions (including the
intermediate PTRC). The intermediate PTRC includes:

*  PTRC overcurrent
e PTRC earth fault

*  PTRC overvoltage
e PTRC undervoltage

According to the application needs, it is possible to use intermediate PTRC and
include them afterwards in the general PTRC or to use only the general PTRC which
includes all the protection functions applied.

PTRC must include only the protection functions tripping to the
circuit breaker. This information can be dependent on the application.
Therefore the protection functions used by the PTRC have to be
selected accordingly.
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5.7.1

5.7.2

354

Input/output description

Table 169: Input
Name Type Description
BS Digital signal (active high) Blocking signal

When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all internal registers and timers are cleared. The protection function remains in idle
state until the BS signal goes low.

Each applied protection can be blocked by different conditions:

*  Blocking signal active
*  Operating status set to off (if available)

If the related PTRC function is blocked, for example by activation of the block signal
or by setting the operation status to off, all of the protection functions included in the
PTRC are blocked too. The specific protection function is released only when all
blocking signals are inactive.

Table 170: Output

Name Type Description
START L1 Digital signal (active high) Start signal of IL1 (fault in set direction)

START L2 Digital signal (active high) Start signal of IL2 (fault in set direction)
START L3 Digital signal (active high) Start signal of IL3 (fault in set direction)

GEN.STAR | Digital signal (active high) General start signal (logical OR combination of all starts
T including reset time)

TRIP Digital signal (active high) Trip signal

START L1, START L2 and START L3 are the phase selective start signals. The
phase starting signal is activated when respective phase current start conditions are
true (current exceeds the setting threshold value and the fault is in the specified
direction).

GEN. START is alogical OR combination of the start signals START L1,START L2
and START L3, and remains active until the reset time, if used, has expired.

The TRIP signal is activated when, at least for a phase current, the start conditions are
true and the operating time has elapsed.

Configuration

The main characteristics of the PTRC function are:
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*  Collects signals (starts/trips) belonging to different configurable protections

*  Generates single optional fast trip output configuration (PTRC general)

*  Generates single blocking signal to block all the configured protections

*  Gives communication events with correct timestamp

*  General start/trip updates recorded in fault recorder using real timestamp (direct
connection between the PTRC output pin and the fault recorder input pin)

*  Conditioned trip register/events (PTRC general)

The configuration for the PTRC general is shown as an example.

x|
Genersi | Fast 10 | Settings | Everts | Pins |

Field bus address |2:Sa3

PTRC General

|+

Fast output channel

Gen Start 0

Fast input channel

Blockinp2 0

Operating
Status  On
Fast Trip  Enabled l|

[ ok | comwer | coon |

Figure 364: General
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PTRC General ) x|

Genersl Fast O | settings | Everts | pins |

- Fast output channel
Trip |‘|_ 0.8
GenStart o 0.8
Fast input charnel -
Blockinp? f 0.14
Blockinp2 b 0.14

| QK I Cancel

Figure 365: Fast I/O

Output Channel different from 0 means a direct execution of the trip or general start
command, that is, skipping the FUPLA cyclic evaluation.

Input Channel different from 0 means a direct execution of the block command, that
is, skipping the FUPLA cyclic evaluation.
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I
General | Fast O Settings |£vmts|pm |
— WM
Status |O|"| -vl
Fast Trip Enabled hd
~Apply PTRC10 ...~
[T Over-Current-High-Set
™ Motor-Start-Protection
[ Blocking-Rotor
[T Mumber of Starts
™ Distance Protection V2 Net 1
setan | cear a1 |
[ ok | comca | som
Figure 366: Settings
Operating status (On/ When the operating status is off, all used protections are set in the inactive
Off): status. The off state is equal to the one described for the BS (blocking
signal).
Fast trip mode (enabled/  This setting is available only in the PTRC general. When enabled, the trip
disabled): command is directly forwarded to the circuit breaker open channel without
any FUPLA cyclic execution.
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Figure 367: Events

Block signal
2 OUT GEN.START General start
2 OUT Trip Trip

Figure 368: Pins
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5.7.3

5.7.4

5.7.5

5.7.6

5.7.7

Conditioned trip events
The conditioned trip events are only available in PTRC general. It is defined to fulfill
the IEC 61850 requirements for the common trip of the REF 542plus. Ifa conditioning

logic scheme on the trip signal is used in the application, the correct status is also taken
into account accordingly.

Multiple use of output channel

When the fast trip is enabled in the PTRC general, the same cannot be enabled
anymore in the used protections.

Different output channel

If the fast trip is not enabled, a used protection cannot have different output channel
from the channel configured in the PTRC general.

PTRC general in context wiht IEC-61850

In case the Ethernet board is used and configured with IEC-61850, the PTRC general
is mandatory.

Events

Table 171: Events

Code Event reason

E4 Conditioned trip is active

E5 Conditioned trip back to inactive state

E6 General Trip signal is active

E7 Trip signal is back to inactive state

E8 Protection general start (logical OR combination of starts)

E9 General start is cancelled (after expiration of reset time)

E18 Protection block signal is active

E19 Protection block signal is back to inactive status

E26 Protection general operation”) (logical OR combination of all faults)

E27 General operation cancelled (after expiration of reset time)

E28 Operation on fault direction forward?

E29 Operation on fault direction backward

E30 Operation on fault direction unknown

E31 Operation on fault direction both

1) Start of protection on faults independent of the direction
2) The fault direction events are available in overcurrent and earth- fault PTRC. The fault direction is set
to both when the direction given by the used protection is both forward and backward.
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By default all events are disabled.

5.8 Autoreclose

The autoreclose function can be used to reclose the circuit breaker automatically when
a protection function has tripped. This function block can be applied to all the
protection functions available in REF 542plus.

(33
A5HOT  CLOZECE
CE QK OFEH CE
EXTRIS. AR ACTIVE
IMCE. AR FAILED
=TOF AR FHOTA
SHOTZ
ZHOT =
SHOTY
TEST ZHOTE

AUTO
RECLOZURE

Figure 369: Auforeclose
5.8.1 Input/output description
Table 172: Input
Name Type Description
BS Digital signal (active high) Blocking signal
1 SHOT Digital signal (active high) ARonly performing single shot
CB OK Digital signal (active high) CB drive ready for the following AR
EX. TRIG Digital signal (active high) Triggering of AR by an external signal
INCR. Digital signal (active high) Increment the number of shots
STOP AR Digital signal (active high) Immediate stopping of the AR cycles
TEST Digital signal (active high) Test of AR cycle (O-CO-CO...)

When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all the internal registers and timers are cleared. The protection function will then
remain in idle state until the BS signal goes low.

Table 173: Output
Name Type Description
CLOSE CB Digital signal (active high) CB close signal
OPEN CB Digital signal (active high) CB open signal
AR ACTIVE Digital signal (active high) High as long as AR is active
AR FAILED Digital signal (active high) High in case of an unsuccessful AR

Table continues on next page
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Name Type Description
SHOT 1 Digital signal (active high) 15t Shot signal of AR
SHOT 2 Digital signal (active high) 2nd Shot signal of AR
SHOT 3 Digital signal (active high) 3d Shot signal ofAR
SHOT 4 Digital signal (active high) 4t Shot signal of AR
SHOT 5 Digital signal (active high) 5t Shot signal of AR
5.8.2 Configuration
Autoreclosure Object x|
General |F'arameters| F'arametersl Eventsl Fing I
Field bug address 240 Operation Mode
{® Start and Trip Controlled
" Start Controlled
—Apply autoreclosure function ta
Shot 1 2 3 4 5 Protection Function
T T I T T 0OverCunent-Directional-High-5et
I~ I T [T [T OverCunent-Directional-Low-Set
T T [T [T OwverCumentnstantaneous
I [T T I 0OverCurent-High-Set
T T T T OverCurentLow-Set
[T T [T T [T EathfaultHigh-Set
[T I T T [T Eathiault-LowSet
[T [T [T T [T Eathfault-DirectionakHigh-Set
[T I [T [T [T EathfaulkDirectional-Low-Set
[T T T [T [T Distance Protection
[T T " [T [T Estemal Trigger

QK I Cancel e ]

Figure 370: General
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Autoreclosure Object x|

General Parameters | F'arametersl Eventsl Fing I

Parameter Set Set1 Set 2
Mumber of reclosure cycles |1| |1 0.5
Fexclain time f30.00 Ja0.00 10.00 .. 1000.00 5

ITI Cancel Apply

Figure 371: Parameters

x|
General I Parameters  Parameters | Ewvents I Finz I
Farameter Set Set1 Set 2
Specific time first shot ID_5[1 ID_ED 0.04 .. 30.00 =
Dead time first shot j030 j0.30 0.10..100.00 =
Specific time second zhot |D_ED ID.ED 0.04. 30,00
Dead time second shot j030 j0.30 0.10..100.00 =
Specific time third shot |U,5|:| ||:|_50 0.04.. 30,00 =
Dead time third shot |D.SD ID.SD 010, 100.00 =
Specific time fourth shot |D,5I:| |I:|_50 0.04 .. 30,00 =
Dead time faurth shot j030 j0.30 0.10..100.00 =
Specific time fifth shat |U,5|:| ||:|_50 0.04.. 30,00 =
Dead time fifth shat |D.SD ID.SD 010, 100.00 =

lTl Cancel Apply

Figure 372: Parameters
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Autoreclosure Object

Generall F'arametersl Parameters  Events |F'ins I

[T 250ED
[T 250E1
[T 250E2
[T 250E3
[T 250E4
[T 250E5
[T 250E6
[T 250E7

el

Set Al

Clear all

Set Default

[ 250E8 AR active started oooo - Hex
F 280 E9 AR active back E31 _E1B
250 E10 General enable started I
I~ 250E11 General enable back OB
[ 250 E12 Test enable started E32. E47
[ 250 E13 Test enable back IEIEIEIEI Hex
[~ 250 E14 4R failed started
[T 250 E15 AR failed back S
[T 250E76 > |00 Hex
QK I Cancel Apply
Figure 373: Events
x|
Generall Parametersl Parametersl Events Fins |
1 IN BS Block signal
1 IN 1SHOT
1 IN CB oK
1 IN Ex TRIG. External Trigger
1 IN INCR. Increment Shots
1 IN STOP AR
1 IN TEST AR
2 0UT CLOSECEB
2 0UT OPENCB
2 0UT AR ACTIVE
2 0UT AR FAILED
2 0UT SHOT1
2 0UT SHOT2
2 0UT SHOT3
2 0UT SHOTA
2 0UT SHOTHA

ak. I Cancel

Apply

Figure 374. Pins
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Operation mode

The autoreclose function block can be operated in two different modes.

Start and trip controlled

In this operation mode, the difference of the time duration between the start and the
trip signal of the related protection function is evaluated. Therefore, the different
settings of the specified time are provided. If the time difference between the
protection start and trip signal is within the specified time, the AR-cycle is released
and respectively continued. The corresponding CB shall be reclosed after the relating
dead time is elapsed. If the condition is not fulfilled, the AR function block will be
blocked. To continue the operation of the feeder, the AR function block needs to be
released locally or remotely via the station control system.

Start controlled

This operation mode initiates the AR-Cycle only by a start signal of the related
protection function. The tripping time for each shot can be delayed separately. This
delayed tripping is need in some application, for example to burn out a falling tree on
the overhead line. Therefore, the operation time of the protection function will now be
controlled by AR. Normally, the first shot shall have a relatively short operation time
in the range of 30 to 100 ms. The second and the following shot shall have longer
operation time in the range of 1 to 10 s. If this mode is selected, the settings of the
specified time are to be used to control the operation time of the following shots.

Both AR function can carry out a maximum of 5 shots.

The configuration can be done by a selection table. All the protection functions which
can be connected are shown in the table. The columns are foreseen to define, which of
the protection functions will activate specific AR shots. By selecting the related
protection functions in each shot,AR will be initiated according to the operation mode
defined previously. The protection function can be redefined after each shot. In the
example, AR will operate as follows:

Due to the operation time dependency on the fault current, the IDMT
and earth-fault IDMT are not listed. If this protection shall be used to
initiate the AR-cycle, the relating trip signal shall be connected by a
FUPLA wire to the input EX.TRIG of the AR function block.

The distance protection can only be used in start and trip control mode.
Ifthe AR status is ready, the overreach zone of the distance protection
will be activated. After the first shot, the overreach zone will not be

activated anymore. The trip will be done according to the setting of the
related impedance zone.
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5.8.4

5.8.5

To ensure the proper function of AR, the trip of the protection shall be
send directly to the so-called 2-2 switch object, which controls and
operatesCB. There is no need to make a FUPLA wiring between the

AR function block, 2-2 switch object and the related protection

functions.

The external trigger is to be selected, if AR will be triggered by an external protection
function. The trip must be connected to a binary input of REF 542plus. Afterwards, the
external trip signal needs to be wired to the external trigger input EX. TRIG of the AR

function block.

ﬂ If the AR-cycle is initiated by the input EX. TRIG, the same wire of

this input signal must also be used to open CB via the 2-2 switch

object. Otherwise, in case of blocking AR by a blocking signal, no

opening of CB by the external protection will be possible.

Setting groups

Two parameter sets can be configured for the thermal overload protection function.

Parameters and events

Table 174: Setting values

Parameter Values Unit Default Explanation
Number of reclosure 0..5 1
cycles
Reclaim time 10...30 s 30
Specific time first shot | 0.04...30 s 0.5
Dead time first shot 0.1...100 s 0.3
Specific time second 0.04...30 s 0.5
shot
Dead time second shot| 0.1...100 ] 0.3
Specific time third shot | 0.04...30 S 0.5
Dead time third shot 0.1...100 s 0.3
Specific time fourth 0.04...30 s 0.5
shot
Dead time fourth shot 0.1...100 s 0.3
Specific time fourth 0.04...30 0.5
shot
Dead time fourth shot 0.1...100 0.3
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Table 175: Events

Code Event reason

E8 AR active started

E9 AR active back

E10 General enable started
E11 General enable back
E12 Test enable started
E13 Test enable back

E14 AR failed started

E15 AR failed back

E18 Block AR started

E19 Block AR back

E20 AR 1. shot started

E21 AR 1. shot back

E22 CB OK started

E23 CB OK back

E24 CB OK internal drop delayed started
E25 CB OK internal drop delayed back
E26 External trigger started
E27 External trigger back
E28 Shot increment started
E29 Shot increment back
E30 Stop AR started

E31 Stop AR back

E32 Test started

E33 Test back

E40 Close CB started

E41 Close CB back

E42 Open CB started

E43 Open CB back

E48 Shot 1 started

E49 Shot 1 back

E50 Shot 2 started

E51 Shot 2 back

E52 Shot 3 started

E53 Shot 3 back

E54 Shot 4 started

E55 Shot 4 back

E56 Shot 5 started

E57 Shot 5 back
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By default all events are disabled.
5.9 Fault recorder

This function block allows the eight REF 542plus analog input signals to be recorded
for a period of at least 1 second and for a maximum of 5 seconds. It is also possible to
record up to 32 digital signals simultaneously from the FUPLA.

3

1
EL
FAULT RECORDER

+-u

i 5 [Pt
=

15 v |

I | e—

= OVERFLOWL

Figure 375: Fault recorder

5.9.1 Input/output description

Inputs

Table 176: Inputs
Name Type Description
BL Digital signal (active high) Blocking signal
1..32 Digital signal (active high) 32 Input for recording binary signal
START Digital signal (active high) Start of the fault recording
OVERFLOW Digital signal (active high) Overflow signal indication

When the BL signal becomes active, the fault recorder function is reset no matter its
state. This means that all the output pins go low generating the required events, if any,
and all the internal registers and timers are cleared. The fault recorder function will
then remain in idle state until the BL signal goes low.
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5.9.2
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Configuration

Fault Recorder

—analog Signals —Digital Signals
Ma.: Ma.:
Mo.: Fack: Limik
o o " D1 Iunused D17: Iunused
e ICurrent Ly I.q Dz Iunused D1a: Iunused
AZi | Currenk 1Lz I.C\ D3 Iunused D1s: Iunused
0 D4 D20;
it I Current IL3 I I a unused unused
At 05 urused D21 | unused
| valkage ULIE | [ oo [ 02 [
AL
| valkage UL2E | [ 07 [wused | 023 [omumed
A6 |volkage LL3E | |v D Iunused D24 |unused
A7 [Carrent o [ l,q— DS Iunused D25 Iunused
A IVDItage o I l\"— D10¢ | Lnused D26: | unused
D11 Grused D27 | urused
D120 | yriused D28 | yrused
tirme: before Faulk 100 100 .. 2000 ms D13 Iunused b2 Iunused
D14 I D30: I
recording kime I 2500 1000 ., 5000 ms unused unused
D15 Iunused D3l Iunused
time: after Fault I 1000 100 .. 4900 ms Di6: I—d BER I—d
! | unuse ! | unuse
Ok I Cancel | Bins. .. |

Figure 376:

Name

Factor

General and setting parameters

User defined Analog Input meaning

Analog input scaling factor used for display

Time before fault Recording duration before recorder start input trigger

Recording time

Time after fault

Recording duration after recorder start input trigger

Total allocated duration, it limits the number of records (from 5 to 1) in the ring buffer
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x
General Finz |
1 IN D1 =
1, 1 IN D2
'zi 1 IN D3
EE: 1 IN D4
—
FENp 1 IN D5
R =l N D6
%15 = 1 IN D7
0 1 IN D8 |-
%22 1 IN Da
e 1 IN DD
e 2 1 IN D11
LR 1 IN D12
1 IN D13
1 IN D14
1 IN D15
1 IN D16
1 IN D17 v
QK I Cancel e ]

Figure 377: Pins

5.9.3 Operation

The fault recorder is started within the application. The recording time of the fault
recorder is a combination of the time before the fault and the time after the fault. The
time before the fault refers to the period recorded before the fault recorder is actually
started from a protection start signal. The time after the fault is the period after the fault
recorder has started. Dynamic recording of the fault record, for example, from start
signal to signal CB OFF is not possible.

The ring buffer process saves the specific fault record, that is, the oldest fault record
is always overwritten with a new one. The number of saved fault records depends on
the record time. The total duration of all saved fault records is 5 seconds the maximum,
if it is set to a lower value it limits the number of records in the buffer.

n = int((recording time/(time before + time after)

For example, 5 fault records can be saved with a record time of 1 s, that is, the
minimum record time (time before the fault + time after the fault) that can be set.

The fault records are exported with the configuration software and then converted to
the COMTRADE format. The fault records can also be exported via the bus of the
station control system. The conversion to the COMTRADE format has to be carried
out in the station control system.

The following limitations must be taken into account on the use of the
fault recorder:
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* At least one protective function must be configured.
»  The start signal for the fault recorder must be implemented
inFUPLA.

The analog signals are digitized and processed with a 1.2 kHz sampling rate, because
they are decisive for the protection trips. They are therefore within a time grid of 0.833
ms. The start and trip signals from the protection functions are recorded and sent to the
binary outputs immediately.

On the contrary, the digital signals are processed in accordance with the FUPLA cycle
time. The cycle time depends on the application in this case. The digital signals are
therefore in a grid that is significantly larger than the analog signal grid.

The fault recorder is dedicated for recording the fault data during a short circuit in the
network. The data can be exported from the REF 542plus later and displayed with a
suitable program.
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Figure 378: Graphic display of fault record data of a two-pole short circuit with the
WINEVE® program
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594 Parameters and events
Table 177: Setting values
Parameter Values Unit Default Explanation
Time before fault 100...2000 ms 100 Recording duration before the
recorder start
Recording time 1000...5000 ms 2500 User defined limit to the total
duration of the buffer, that is to
records number
Time after fault 100...4900 ms 1000 Recording duration after the
recorder start

5.10 High speed transfer system

A high speed transfer system comprises the high speed transfer device SUE3000 and
REF 542plus devices. The two REF 542plus devices are used to initiate and release the
operation of the high speed transfer system and simultaneously to protect the
corresponding feeders.
The high speed transfer system can only be configured on SUE3000.
Using the REF 542plus hardware is not possible.

Feeder 1 REF542plus REF542plus Feeder 2
E—* o] B i 3= ‘—8
¢#—T7"| = VSIFDI VSIFDl 5ui & * #9
optical
VM1 T : ‘ﬁ*—‘_\_@*_ ——
- 3 & N
Rl . > : 8
Oy é Ly

SUE 3000

Figure 379: High speed transfer system

The condition for activation of the high speed transfer system depends on the location
of the system fault. Therefore the REF 542plus devices are applied for fast detection
of the fault location. Only in case of an upstream fault the high speed transfer system
may be initiated.
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The specific function blocks for high speed transfer system are Fast direction
indication (FDI) and Voltage supervision (VS). Both function blocks must be used in
REF 542plus to control the operation of the high speed transfer device accordingly.
Both functions evaluate the phase currents and phase voltages for the detection of the
fault location in the electrical system. In case of a downstream busbar fault, no system
transferring may be performed. The control signals for starting the operation of the
high speed control device are transferred by using the provided optional optical
outputs on the main board of REF 542plus.

5.10.1 Fast directional indication

The Fast directional indication (FDI) monitors the active power flow continuously. If
a fault occurs on the feeder side, a change of the active power flow is detected because
the motors act as generators. The system transferring is released.

EX
0
TRIF

Fol

Figure 380: Fast directional indication
5.10.1.1 Input/output description

Table 178: Input

Name Type Description

BS Digital signal (active Blocking signal

high)

When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all internal registers and timers are cleared. The protection function remains in idle
state until the BS signal goes low.

Table 179: Output
Name Type Description
Trip Digital signal (active Trip signal for activation of SUE3000
high)

The TRIP signal is activated when at least one of the start conditions is true and the
operating time (7ime) has elapsed.
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5.10.1.2 Configuration

Figure 381 General

Figure 382: Fast I/O

Output Channel different from 0 means a direct execution of the trip command, that
is, skipping the FUPLA cyclic evaluation.
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Input Channel different from 0 means a direct execution of the block command, that
is, skipping the FUPLA cyclic evaluation.

CHE———— x|

General | Fastui0 Sensors | parameters | Events | Pins |

 Used Sensors

& 113, U: 46

™ Fast output enable Set 1

[T Fast output ensble Set 2

Figure 383: Sensors

/: 1-3, U: 4-6 Analog inputs 1 to 3 are current inputs and 4 to 6 voltage inputs
I:4-6, U: 1-3 Analog inputs 4 to 6 are current inputs and 1 to 3 voltage inputs

FDI operates on any combination of the phase current and phase voltage in a triple
belonging to the same system.

The activation of corresponding fast optical output for the FDI should be checked
accordingly.
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CEE——— x|

General | Fast O | Sensors Parameters | Events | ins |

Parameter Set Set1 Set 2
Undervoltage lirmit 0.80 IU.SD 040 .. 1.00 Un
Undercurrent limit 0.10 00 .. 1.00 In

I1D 0.100 Ts
|48 0.100 Ts

Time delay On

P —
Owercurrent fmi oo oo 1.00.3000 In
pa—
-

Time delay Off

Figure 384: Parameters

Undervoltage limit Voltage threshold for blocking due to undervoltage condition
Undercurrent limit - Current threshold for releasing due to undercurrent condition
Overcurrent limit  Current threshold for blocking due to overcurrent condition
Time delay On Switch-on time delay

Time delay Off Drop-off time delay

The setting of the time delay is related to Ts, which is the sampling
period corresponding to sampling frequency of 4.8 KHz (Ts = 208.3

usec).
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FOI x|
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I 143 €3
Joe s 0
.}
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Figure 385: Events

General | Fast O | Sensors | Parameters | Everts Pins |

1 IN BS Block signal
2 0UT Trip Trip
TRIF-

Figure 386: Pins

51013 Measurement mode

FDI combines the voltages and current samples using an advanced algorithm to be
able to detect a power direction change as fast as possible.
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5.10.1.4 Operation criteria

FDI continuously calculates the power in each phase. To ensure that the calculation of
the power is performed with relevant and valid voltage signals the phase voltages are
continuously supervised. If the phase-voltage value drops below the setting value of
the undervoltage limit, the power calculation the voltage values of the previous period
is used.

5.10.1.5 Setting groups

Two parameter sets can be configured for FDI. Switch-over between the parameter
sets can be performed in dependency of the network configuration. If this is not
required, set 1 and set 2 can be parameterized identically to avoid wrong setting if
switch-over of parameters has happened accidentally.

5.10.1.6 Parameters and events
Table 180: Setfing values
Parameter Values Unit | Default Explanation
Undervoltage limit | 0.20...1.0 Un 0.80 Voltage threshold for blocking due to
0 undervoltage condition
Undercurrent limit | 1.00...2.0 [ Un 1.20 Voltage threshold for blocking due to
0 undercurrent condition
Overcurrent limit 0.20...5.0 In 2.00 Current threshold for blocking due to
0 overcurrent condition
Time delay On 0...100 Tsh | 3 Switch on time delay for trip conditioning
Time delay Off 0...1000 Ts? | 240 Drop off time delay for trip conditioning

1) Ts =208 s (in accordance with the sampling frequency of 4.8 kHz)

Table 181: Events
Code Event reason
E6 Trip signal is active
E7 Trip signal is back to inactive
E18 Protection block is active
E19 Protection block is back to inactive

By default all events are disabled.

5.10.2 Voltage supervision

Voltage supervision (VS) continuously supervises the phase currents and the related
phase voltages. A voltage drop with simultaneously high current flow coming from
the feeder is detected as an electrical system fault on the busbar.
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5.10.2.1

378

B

Wi

TEIF

Figure 387:

Voltage supervision

Input/output description

Table 182: Input
Name Type Description
BS Digital signal (active high) Blocking signal

When the BS signal becomes active, the protection function is reset no matter its state.
This means that all the output pins go low generating the required events, if any, and
all internal registers and timers are cleared. The protection function remains in idle

state until the BS signal goes low.

Table 183: Output
Name Type Description
Trip Digital signal (active high) Trip signal

The TRIP signal is activated when a drop down of the system voltage fault is detected
and the operating time (7ime Delay On) has elapsed.
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5.10.2.2 Configuration

vs X
Gmuﬁl!-‘us:!.fc-' wﬂwm::;'&m'm |

Field bus address I;“

-~ Description
\I‘s s

Fast output channel
Trip 0

Fast input channel
Blockinp1 o
Blockinp2 o

used sensors
113, U 46

Setd Ll
OK I Cancel | Apply |

Figure 388: General

vs x|

General Fast /O ISensorsI Parametersl Eventsl Pins I

— Fast output channel

Trip IO 0.8

— Fast input channel

Blockinp1 ™ 0.14
Blockinp2 [o 0.14

I OK I Cancel Aonly

Figure 389: Fast I/O

Output Channel different from 0 means a direct execution of the trip command, that
is, skipping the FUPLA cyclic evaluation.

Multifunction Protection and Switchgear Control Unit REF 542plus 379
Protection Manual



Section 5 IMRS755860 G
Protection functions

Input Channel different from 0 means a direct execution of the block command, that
is, skipping the FUPLA cyclic evaluation.

vs x|

General | Fastui0 Sensors | parameters | Events | Pins |

[ Used Sensors -

= 13,U:46

[T Fast output enable Set 1

[ Fast output enable Set 2

Figure 390: Sensor

/: 1-3, U: 4-6 Analog inputs 1 to 3 are current inputs and 4 to 6 voltage inputs
I:4-6, U: 1-3 Analog inputs 4 to 6 are current inputs and 1 to 3 voltage inputs

VS operates according to one of the mentioned current and voltage combinations. The
valid parameter set must be selected in the Parameters tab.

The fast optical output can be activated by checking the parameter for the
corresponding group of the parameter set.
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vs x|
General | Fast O | Sensors Parameters | Events | ins |
Parameter Set Set 1 Set2
WS undervolage limit |U.80 IU.SD 020.1.00 Un
WS overvoltage imit |1.2U |1.2|J 1.00.,2.00 Un
VS owercurrent limit |2.|:u:| |2.r:u:| 020..500 In
Tirne delay On |3 |3 0..100 Ts
Time delay Off |95 |96 0. 1000 Ts
OK I Cancel Apiply
Figure 391 Parameters
VS undervoltage limit Voltage threshold for blocking due to undervoltage condition

VS overvoltage limit
VS overcurrent limit
Time delay On
Time delay Off

Voltage threshold for blocking due to overvoltage condition
Current threshold for blocking due to overvoltage condition
Switch-on time delay

Drop-off time delay
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vs x|

General | Fast 10 | Sensors | Parameters Events | pins |

I5 144 E0 -
I 144 E1
F 1422
IF 144 €3
IF 144 €4 Set Defaut
IF 1445
[™ 144 Es Trip started Save Default
™ 144 E7 Trip back
I 144 €8 .
7 144 €3
IF 142 E10
IF 144 E11
F 144 E12

144 E13
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I 144 €15 0000 Hex
[T 144 Fin =l
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g
:
|
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Figure 392: Events

vs x|

General | Fast 0 | Sensors | Parameters | Events Pins |

——— | |1 IN BS Block signal
2 0UT Trip Trip

Figure 393: Pins

5.10.2.3 Measurement mode

VS evaluates the RMS value of the phase voltages and the RMS values of the
corresponding phase currents.
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5.10.2.4 Operation criteria
The phase voltages and the related phase currents are continuously monitored. VS
generates a TRIP if one of the three phase modules has detected a fault condition and
at the same time no internal blocking has been detected. VS will be internally blocked
if one of the measured phase voltage drops below the setting of the VS undervoltage
limit or exceeds the setting of the VS overvoltage limit and at the same time the related
phase current exceeds the setting of the VS overcurrent limit. The trip signal can
additionally be delayed by Time Delay On. It disappearing can be defined by Time
Delay Off.
5.10.2.5 Setting groups
Two parameter sets can be configured for the Voltage supervision function. Switch-
over between the parameter sets can be performed in dependency of the network
configuration. If this is not required, set 1 and set 2 can be parameterized identically
to avoid wrong setting if switch-over of parameters has happened accidentally.
5.10.2.6 Parameters and events
Table 184: Setfing values
Parameter Values Unit | Defau| Explanation
It
VS undervoltage 0.20...1.00 Un 0.80 | Voltage threshold for blocking due to
limit undervoltage condition
VS overvoltage 1.00...2.00 Un 1.20 | Voltage threshold for blocking due to overvoltage
limit condition
VS overcurrent 0.20...5.00 In 2.00 | Current threshold for blocking due to overcurrent
limit condition
Time delay On 0...100 Tsh | 3 Switch-on time delay for the trip conditioning
Time delay Off 0...1000 Ts!) | 240 | Drop-off time delay for the trip conditioning
1) Ts =208 s (in accordance with the sampling frequency of 4.8 kHz)
Table 185: Events
Code Event reason
E6 Trip signal is active
E7 Trip signal is back to inactive
E18 Protection block is active
E19 Protection block is back to inactive
By default all events are disabled.
Multifunction Protection and Switchgear Control Unit REF 542plus 383

Protection Manual



384



1MRS755860 G

Section 6
Glossary

Section 6 Glossary

AR Autoreclosing
Bl Binary input
CB Circuit breaker
CT Current transformer
DFT Discrete Fourier transform
DT Definite time
EMC  Electromagnetic compatibility
FUPLA 1. Function block programming language
2. Function chart
3. Function plan
4. Functional programming language
HMI Human-machine interface
IDMT  Inverse definite minimum time
IEC International Electrotechnical Commission
IRV Input rated value
NPS Negative phase sequence
PFC Power factor controller
PPS Pulse per second
PTT Protection transfer trip scheme by comparison of the related signals
RMS Root-mean-square (value)
ROA  Relay operating angle
RPV Rated primary value
RSV Rated secondary value
RTD Resistance temperature detector
Si Sensor input
VS Voltage supervision
VT Voltage transformer
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