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1. Introduction to this application note.

This application note is more than a description of how to use SVERKER 900 for testing
frequency relays. It also wants to spread the knowledge about IEC standardization in relay
protection. Many engineers often associate the IEC series of protection standards IEC 60255-
1xx! to relay type testing, and believe that they do not need to have competence about this series
of standards. This is a misunderstanding: many of the concepts, definitions and test procedures
described in the standards are there to be used in relay technique, no matter if the role is relay
manufacturer, user, or commissioning / maintenance testing engineer ([2], [3]).

Megger invests many resources in standardisation activities, with active participation to the IEC
committees that produce the standards (TC 95/MT 4 and also TC 95/WG 2) and by performing
several trainings and webinars about the standardization concepts. Of course, at the end there is
an impact of the standardization on the test devices that Megger produces. SVERKER 900 is one
example. Definitely and hopefully, many others will follow in the near future.

This application note wants to guide through the most important concepts described by the
standard, how to use them for testing frequency protection relays, using the relay test equipment
SVERKER 900.

The frequency relay used for this application note has not been tested by the manufacturer in
accordance with the new standard IEC 60255-181, as it was manufactured before the standard
was published. The relay manufacturer (ABB from Sweden, par.7.2) has kindly commented this
application note and their contribution is included in this document.

This application note will be soon updated with the test for another relay, of “Type 2”, from
another manufacturer, as RET670 relay is a relay of “Type 1”(see par.4.2.3).

A new application note will be released, as soon relays tested in accordance with IEC 60255-181
will be available.

2. The protection of the smart grid needs standards.

The IEC Technical Committee 95, Maintenance Team 4, (IEC TC 95/MT 4) “Measuring relays and
protection equipment - Functional standards”, is responsible for producing and maintaining the
functional standards related to relay protections.

In February 2019, the new IEC Standard for Frequency and ROCOF? protection functions was
approved. Smart Grid requirements in the field of competence of TC 95 have been the
fundamental motivations for the creation of this completely new standard for frequency related
protection functions.

The IEC 60255-181 standard was approved without any negative vote and it has been recently
(autumn 2019) ratified as European standard EN IEC 60255-181, to be used without
modifications in 34 countries in Europe.

3. Introduction to the IEC 60255-181 standard.

The Scope of the IEC 60255-181:2019 [4] standard covers underfrequency, overfrequency and
ROCOF (Rate of Change of Frequency) protection functions, as indicated in Figure 1:

IEEE/ANSI C37.2 IEC 61850-7-4 logical
function numbers nodes
Underfrequency protection 81U PTUF
Overfrequency protection 810 PTOF
Rate of change of frequency protection (ROCOF) 81R PFRC

Figure 1. Protection functions in the scope of IEC 60255-181
From IEC 60255-181:2019 ed.1.0 - “Copyright © 201x IEC Geneva, Switzerland. www.iec.ch”

1 IEC 60255-1xx is the series of functional standards for relay protections.[1], [2]

2 ROCOF: According to IEC 60255-181:2019: Rate Of Change Of Frequency
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As these functions are commonly implemented in one or more protection relays, it is expected the
standard to cover the protection functions when they are hosted in the “traditional” protection
relay. The standard also applies to such functions when they are embedded in different devices
forming the smart grid, as such as the inverters powering the grid from distributed generators or
trip units in low voltage circuit breakers [4], [5]. Customers and users should expect to receive a
type test report and performances declaration from the manufacturer of these functions according
to the IEC 60255-181 for those implementations “hidden” in devices that are not commonly
considered protection relays, but that do perform a relay protection task and operate a circuit
breaker (electromechanical or static).

One of the most important aspects of IEC 60255-181 is the standardization of realistic conditions
to be applied to the protection function when assessing many performances related to dynamic
behaviour of the power system. The use of a standardized formula to represent this dynamic
behaviour wants to minimize important misunderstandings? related to the start time and/or
operate time of the protection relay, two important concepts detailed very much in the standard,
that can be very much affected by the different algorithms implemented to “measure the
frequency”’[7].

The IEC 60255-181 details about minimum requirements for protection relay type testing; so it is
not directly a standard for maintenance/commissioning applications. However, it is important to
understand definitions contained therein when performing commissioning and maintenance tests.
This will bring to smoother testing, easier reporting and less misunderstandings between the parts
involved in the testing®.

The IEC 60255-181 standard contains many more definitions and tests than what presented in
this document; for example there are tests defined for the protection stability in case of sudden
voltage change (vector shift/phase shift and magnitude change). Also, the standard refers to
frequency related functions. ROCOF, Rate Of Change Of Frequency, is included; so there are
definitions and tests for that protection function as well [8], [9].

3.1. Standardized waveform for frequency changes

The way the frequency varies in what is generally called “frequency ramp” is defined in IEC
60255-181 by one exact formula. The formula corresponds to the analytical integration of the
differential equation ([10],[11]) describing the voltage waveforms induced by a rotating generator
that accelerates (or decelerates) with a constant net torque, i.e. with constant angular
acceleration.

Considering a voltage waveform v(t) with frequency f(t) = fo * t , amplitude Vrus * SQRT(2) and
phase angle o, its exact representation in the time domain is:

v(t) = V2 Vgys * sinQrfy + wfy - t2 + @p)

This is the formula of the waveform that shall be generated by the relay test set when testing the
frequency protection function. The formula is in fact described in the normative (mandatory)
Annex A of IEC 60255-181:2019.

Figure 2 show a graph of it, where also the linear and continuous behaviour of the frequency as
function of time is shown in red colour; the waveform shown in the figure can be defined as a
stepless (continuous) frequency ramp. At any time instant, the frequency has a different value.

3 The relay community has unfortunately experienced situations where frequency relays from different
manufacturers, connected to the same busbar voltage and with the same settings (overfrequency or
underfrequency thresholds) behaved very differently from each other’s: some relays did not start at all for the
event, some others started but tripped much faster than requested, some others started and tripped much
slower than requested [6]

* Thisis a very old dilemma. Protection relay data sheets contain data (accuracy, typical operate time etc.) that

are an extract of the results from the type tests. The type tests are performed according to IEC 60255-1xx
definitions. If the commissioning engineers do not speak the same language of the relay manufacturers (which
means for example to use the common definition of accuracy and use very similar test methods to assess it)
there will be many misunderstandings at commissioning/maintenance that require many discussions to be
clarified. The project will be delayed and will be more expensive than what was necessary. A common technical
understanding mitigates these issues.
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The waveform SHALL BE ’smooth”
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Figure 2. Graphical representation of the standardized “frequency ramp” .The frequency changes
at any time instant (stepless frequency change). The blue line represents the voltage and the red
line represents the frequency

No other methods to “reconstruct” or “simulate” the standardized waveform are allowed.

For example, some methods used in the past have tried to simulate the frequency ramp by
changing the frequency of the signal at each period. This is a discontinuous change of the
frequency (not stepless), and it is not allowed for having the same test method for all the
frequency relays. Figure 3 shows an example of what is not allowed to do:

v, f
Af
Af
Af

Af

N =N a o)

Af

fn

f f+Af f+2Af f+3Af f+4Af f+5Af

Figure 3. Graphical representation of a non-stepless “‘frequency ramp”.The frequency of the
signal remains constant for some defined intervals, and suddenly changes to another value, for

another interval of time.

3.2. SVERKER 900 and the standardized waveform

SVERKER 900 is designed [8] to produce the required waveform by IEC 60255-181 standard®. In
this application note, we will make use of this capability. Do not underestimate this capability of
SVERKER 900. The generation of such frequency ramp puts high requirements on the real time
capabilities of the test set and on its computing capacity (Figure 4).

5 From software release version 2.12, November 2018 (2.12.6896.14415). Contact Megger if you have an older
software release to see if it is possible to perform the upgrade.
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Figure 4. The SVERKER 900 is able
to generate the standardized
frequency ramp. Check 5 that you
have the correct software version.

3.3. Start time (pick-up time) for frequency relays

The following paragraphs describe the standardized methods for assessing and describing the
start time (pick-up time®) of the frequency relays. This application note will make use of the
standardized concepts, interpreted for commissioning/maintenance relay testing.

3.3.1. “Frequency ramp” tests to assess the start time

According to IEC 60255-181, the start time (pick-up time) of the frequency protection function
(over- and/or underfrequency) is described with a graph, representing the behaviour of the
protection relay when subjected to a set of different frequency variations (Hz/s).

Figure 5 shows one example for a frequency variation of 0,5 Hz/s from the steady value of 50 Hz,
nominal frequency’. The voltage waveform is:

v(t) = V2 - Vays * sin(2m - 50 + - 0,5 - t2 + )

The standardized waveform is injected and the time is measured from when the waveform has
the frequency equal to the set value of the protection relay (f>set in Figure 5). The timer is stopped
when the relay reaction is received by the test set (start contact of the relay activated).

f
0.5 Hz/s

f> START!
set hmmm- ‘ \\

>

Figure 5. Example for the
‘ measurement of the start time of an

nom

/\\ § overfrequency relay, according to IEC
‘ 60255-181, with use of one
4 — 31,
w2 o lZt standardized “frequency ramp” of 0,5
L START TIME €1 Hz/
Y @05 Hzis ) ZIS.
TIMER START TIMER STOP

The start time is then measured for different dynamic conditions. The Figure 6 shows the same
test for a frequency ramp of 2 Hz/s, for the same overfrequency relay:

& Note that in IEC world it is usually used the name “start” (start time, start contact etc.), while in the ANSI/IEEE
world it is often used the name “pick-up” (pick-up time, pick-up contact etc). At the same time, for tripping, the
IEC world should use the name “operate” (operate time, operate contact) while the ANSI/IEEE world uses the
name ‘trip” (trip time, trip contact).

" This is in practice a test with a frequency ramp of 0,5 Hz/s, starting from 50 Hz (f.om in Figure 5).
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f 2 Hz/s

f> START,

f>sa|

Figure 6. Example for the
measurement of the start time of an
‘ overfrequency relay, according to IEC
60255-181, with use of another
) j”:) f t standardized “frequency ramp” of 2,0
&

START TIME A
TIMER START @2Hzs TIMER STOP HZ/S'

nom

Each test is repeated for a standardized number of times (i.e. equal for each protection
manufacturer) and then the results are shown in standardized table formats and standardized
graphs, shown in Figure 7; please note that all quantities are just examples:

. Figure 7. Example of diagram

representing the start time of an

Start time based on frequency ramp

Q- Qe overfrequency relay measured at
L oo '? : ' the mandatory frequency ramps of
: Sum Bu 0,5; 1,0; 2,0 and 5,0 Hz/s. This
Quom  Quir ' diagram shall be published by the
Grsm : Clrsme B ums relay manufacturer.
H |j° i From IEC 60255-181:2019 ed.1.0

]
o
n
°
&

0,5 Hz/s 10Hzs

“Copyright © 201x IEC Geneva,
Wequency enae Switzerland. www.iec.ch”

The graph in Figure 7 describes the performance (start time) of the overfrequency relay, as
function of different dynamic behaviours of the power system frequency, that represent different
accelerations (or decelerations for underfrequency relays) of the rotors governing the power
generation in the electromechanic system.

Similar test methods and graphs shall be reported for underfrequency relays as well, where the
frequency decreases with constant rate of changes, instead of increasing.
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“Frequency jump” tests to assess the start time

This test is very similar to the way many engineers have always performed in the past. What does
this test mean®? It is understood that for an electromechanical system, where the power system
frequency is the result of the rotation of masses... the frequency cannot “jump”, but considering a
system where the generated frequency is the result of an algorithm that drives static inverters, the
answer is YES: frequency can “jump™.

The behaviour of the protection relay when subjected to sudden discontinuous frequency
changes can be quite different from the behaviour when the frequency changes continuously and
that is the reason why this sudden frequency change test!® is also considered by the IEC 60255-
181.

Figure 8 describes the “frequency jump test” for assessing the start time of one overfrequency
relay in that condition.

f
f> START!
i P s
>get \
fi Figure 8. Example for the
measurement of the start time of an
overfrequency relay, according to IEC
) *’_) ! 7«2‘) v t 60255-181, with use of the “frequency
TIkAER START STARTTINE TIVER STOP Jjump” test method.

The relay start time could be affected by the size of the frequency jump. Because of that, the IEC
60255-181 requires all frequency protection functions to be tested for a standardized set of
frequency “jumps”. The results are reported in the standardized format shown in Figure 9; please
note that all quantities are just examples:

START time

Start time based on frequency step (sudden change) Figure 9. EXample Of diagl’am
q 200ms representing the start time of an
Qoms  Disoms overfrequency relay measured at the
[ u Max value “r ” .
Crsoms @ reoms Ooms  Disoms O meanvave mandatory frequency ‘jumps” of 0,2;
: . H 0] wivaiis 0,5; 1,0 and 2,0 Hz/s. This diagram

.
D. 10 ? 1oms 6 165 ms

Y 150 me shall be published by the relay

é 140 ms manufacturer.

i From IEC 60255-181:2019 ed.1.0
; : ; + “Copyright © 201x IEC Geneva,
ozr otz i o e Switzerland. www.iec.ch”

8 We should ask ourselves if the power system frequency can instantaneously ‘jump” from one value (i.e. 50
Hz) to another value (i.e. 52 Hz).

Same question can be asked for a car: “can the speed of a car instantaneously “jump” from for example 100
km/h to 150 km/h?

The answer is no, speed and frequency, in mechanical systems, are continuous quantities. Frequency is
associated to the angular velocity of a rotating mass (@ = 2 = f), while the speed of a car is a clear concept.

An instantaneous change in the speed would mean infinitive force (torque for rotations) applied to it, as the
derivative of the speed is the acceleration (F = m a = m dv/dt for linear motion). In electromechanical systems,
this is not possible. This is why the new test methods related to the standardized frequency ramp have been
defined by IEC, where the frequency of the generated signal is a continuous function.

% SVERKER 900 can simply do it. Every relay test set, not only SVERKER 900, is able to generate a signal with

a certain frequency, and suddenly generate the signal with a completely different frequency. This means that
one inverter, for some reasons, may generate voltage with frequency that has discontinuous jumps. For example
because of sudden re-synchronisation issues, or simply by wrong control algorithms. In physics, this is known
as “zero inertia”. In fact, the renewable distributed power generations (solar, wind, battery) based on inverters,
are known to have zero inertia [12].

10 «Sudden frequency change” is the formal name of this test in IEC 60255-181:2019
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As mentioned before, the “sudden frequency change” test is very similar to how many protection
relays have been tested in the past for commissioning/routine applications. This can partly explain
the different behaviours of frequency protection relays when subject to dynamic power system
changes [6]: their behaviour was not assessed for realistic power system changes, but rather for
what today’s would be called “smart grid applications” (see par. 6.4 for a clarification of this term),
where the inertia in the power system is very low (the stored kinetic energy in the rotating masses
is very low [12].

There is anyway an important detail in this test, and it is that the injected signal needs be
continuous, so there is no step change in its phase angle or magnitude except for its frequency.
This condition maybe has not been considered in the tests performed in the past (see Figure 29,
page 23, and Figure 30, page 23, for better understanding).

The “sudden frequency change” test has also a great importance for testing the time delay of the
frequency relay (see par.4.7).

3.3.3. Operate time (trip time) for frequency relays

The IEC 60255-181 details very much about the definition of the operate time (trip time) for
frequency relays, and clarifies a generic confusion in the relay community, not only related to
frequency relays).

The operate time of a protection relay is the time interval from when the power system fault starts
to when the relay operate contact is activated!. This time includes of course the time delay
setting of the protection relay*?

In few words, there are two possibilities, for relays manufacturers [4], to define their “operate

time”:
Relay type Operate time is equal to
Type 1 start time + time delay setting
Type 2 start time + (time delay setting — compensation constant).
The compensation constant shall be declared by the relay
manufacturer®s,

1 Similarly, the start time of a protection relay is the time interval from when the power system fault starts to
when the relay issues the start (pick-up) contact.
12 Frequency relays have at least two settings: one is the frequency threshold (frequency level, start level, pick-

up level; for example f>, for overfrequency, and f<, for underfrequency) and the second is a ‘timed delay” setting,
to allow protection selectivity strategies or load shedding [13] strategies based on time grading. This setting is
a setting for a timer. There are 2 standardized ways for the behaviour of that timer, and relay manufacturers
shall clearly state which is the philosophy adopted.

13 These two philosophies are not new in relay protection technique; the IEC standard has simply formalized
them and clarified that they need to be declared by the manufacturers, to minimize misunderstandings. Relays
of “Type 1” are typically used in high voltage protection applications, while relays of “Type 2” are typically used
in medium voltage applications. The denotations “Type 1” and “Type 2” are not used in IEC 60255-181. They
are used in this application note for pedagogic purposes.

Relays of “Type 2” usually allow a timer setting only greater than a minimum value. Relays of “Type 1” definitely
allow setting the delay time to zero.

In relays of “Type 2”, the “compensation constant” is usually equal to the “average start time of the protection
function plus the average reaction time of the output contact”. It also could just be equal to the “average start
time of the protection function”, depending on manufacturer’s choice. Important is that the manufacturers shall
declare the value of the compensation constant (which can be anyway estimated to be close to the minimum
allowed setting of the timer)

Relays of “Type 2” can easily show operate times around the setting value (if the timer setting is 200 ms, it is
possible to measure an operate time of 140 ms or 260 ms). Relays of “Type 1” instead will always give an
operate time higher than the timer setting value, as the start time is always added to the set additional time
delay. For the same example, a timer setting of 200 ms, will always give an operate time higher than 200 ms.
Probable for frequency relays to be around 260 ... 280 ms.
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4. Testing ABB RET670 with SVERKER 900.

4.1. Introduction

The following steps are written for an overfrequency relay of “Type 1” (par.3.3.3), the ABB
RET670 version 1.2, Figure 10:

Figure 10. ABB Relay RET670

It should be easy to implement the same guidelines for an underfrequency relay.

Hopefully all the paragraphs above (par.3) have been understood. If not, please read the
following procedures, try to follow them, and after that please read the par.3.

4.2. About the overfrequency relay under test: ABB RET670.

4.2.1. Relay settings.

The overfrequency relay in RET670 (SAPTOF) has a start level (threshold) of 51,30 Hz, with a
time delay of 300 ms (Figure 11).

RET670_IED2 - Parameter Setting |

Group / Parameter Name
v Operation
v Base

W StartFrequency
v TimeDlyDperate

Figure 11. Settings for the first stage of the overfrequency in ABB RET670 relay (StartFrequency
and TimeDlyOperate).
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4.2.2. Relay accuracy for frequency measurement.

The accuracy of the frequency measurement of the protection relay is 2 mHz (Figure 12)

Technical data

Table 234: SAPTOF technical data
Function Range or value Accuracy
Operate value, start function | (35.00-75.00) Hz + 2.0 mHz at symmetrical three-
phase voltage

Figure 12. Measurement accuracy of the frequency for ABB overfrequency protection, according
to RET670 user's manual (Technical Reference Manual) [14].

4.2.3. Relay operate time: “Type 1” or “Type 2”?

The tested ABB RET670 was manufactured before the IEC 60255-181 standard was published in
2019. It is therefore not expectable to have answers to all the declarations that the manufacturer
shall provide according to the standard, in the relay manual. For example, it is not clearly
specified if the relay timers behave according to “Relay 1” or to “Relay 2” descriptions (see
par.3.3.3).

As the time delay setting can be set to 0 ms, it is clear that the relay behaves according to the
“Relay 1” concept!:

The operate time of the relay is given by the start time + set time delay?®.

4.2.4. Relay start time

RET670 manual indicates a typical start time for the overfrequency relay of 100 ms (Figure 13)

Technical data

Table 285: SAPTOF technical data

Function Range or value Accuracy

Operate time, start function 100 ms typically at ooy 0.5 Hz to foe +0.5 Hz

Operate time, definite time (0.000-60.000)s +0.5% + 10ms
function

Figure 13. Details about start time and timers error for frequency protection in RET670 (Technical
Reference Manual) [14].
What the word “typical” means it is not fully clear'®.

We will anyway test the relay with the standardized methods and will draw our conclusions
afterwards.

4.3. Connecting SVERKER 900 to the ABB RET670.

The voltage generators of SVERKER 900 are star-connected to the phase voltage inputs of
RET670 to generate 3 three phase symmetrical voltages.

Connect the start and operate signals of overfrequency protection in RET670 to SVERKER 900.
Figure 14 shows the connections.

%A good indicator that the relay is of “type 1” is from the setting range of timer. See in Figure 11 that the timer
can be set to zero. Relays of “Type 2” do not allow to set the timer to zero

15 |f RET670 had been tested according to IEC 60255-181, this information would have been clearly stated in
the user’s manual.

16 |t is reasonable to think that the relay needs some 100 ms to start, or that it typically needs less than 100 ms
to start. After having contacted ABB, we know that the start time was actually declared for ramping frequency
as the tested ABB RET670 does not “support” applications with frequency jumps.
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oo L1U
£ 3 L2u
% [ L3V
g 5 NU
O w
Aux
)l-l}l_l Supply

Figure 14. Schematic diagram representing the connections of the 3 voltage generators of
SVERKER 900 to ABB protection relay RET670, together with the start and operate signals of the
overfrequency protection function.

4.4. Testing the START level of overfrequency relay.
For testing the start level (threshold) of the overfrequency relay, the procedure is simple.

The idea is to generate a “manual frequency ramp”, with the minimum step allowed by SVERKER
900. Start to inject nominal voltage(s) with a frequency below the start level, typically 2 or 3 times
the tolerance (2 mHz), and slowly increase the frequency with the knob, until the relay starts
(picks-up). As the typical start time is around 100 ms, wait approximately 5 times this value before
increasing the frequency with the knob: at least half second.

Set SVERKER 900 to stop the generation at the activation of binary input 2 (start contact), free
contact sensing, as shown in Figure 15.

= e
v

o]
—
===

0FF+TIME‘ ON+TIME ’
Ext Timer Yoltage Current m Ext Timer Voltage Current . .
0.000 s 0.000 VAC 0.000 AAC 0.000 s 0.000 VAC 0.000 AAC

Figure 15. SVERKER 900 stops the generation on the start (pick-up) contact, which is connected
to Binary Input 2, in “free contact sense mode”.
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We will start generating a three phase voltage system of secondary 63,5 V (secondary rated
voltage of the relay) at a frequency of 51,30 Hz — 3 x 2 mHz = 51300 mHz — 6 mHz = 51,294 Hz.

Press -, The generation from SVERKER 900 starts with the setup shown Figure 16:

HNszsov  Jooe [51.294 Hz
KFMeasov [2400° 51294 Hz
PEMe3sov J1200°  [51.294 Hz

Figure 16. Start of the “manual
frequency ramp at nominal voltage
level, at 51,294 Hz.

Ext Timer Voltage Current
‘ H 0.000 s | 0.000 VAC 0.000 AAC ‘l ’l

Press now and select the frequencies for the three voltages (by tapping on them) (Figure
17):

l]l """ | """ | """ | u3
[T o= = = |
m """ | """ | """ | ut
EMsssov  Joo® [51294 Hz |
U2
NPlsss0v  [p400° [51294Hz |
|

KEMessov  1200°  [51294 Hz

HOLD 1

—v—‘ ,7“ Figure 17. Selecting the frequencies
| '“L for voltages U1, U2 and U3 and
Ext Timer Voltage Current i ] ”
‘ H 0.000 s | 0.000 VAC | 0.000 AAC il Zl pressing "HOLD”.
The frequency is incremented by the knob rotation. Slowly rotate the knob (1 mHz at a time),

waiting for at least 0,5 seconds from one step to the next step. The test will be stopped when the
relay activates its start contact.

The relay starts (picks-up) at exactly 51,3 Hz, as Figure 18 shows, and the test is stopped:

BMszs0v Jooe |51.300 Hz
Klezsov [400°  [51.300 He
R'EMs350v [1200° 51300 He

|
|
m """ | """ | """ ‘ U1
|
|
|

0 vDC

TRIP HOLD 1
—V—‘ “ Figure 18. Start (pick-up) of
: overfrequency protection. The start
‘ H Ext Timer | voltage Current {.l .>| threshold has been detected
0.000 s 0.000 VAC 0.000 AAC

Press now “ and see the test results, that can be saved in the report, if you want
(Figure 19).
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Hz[ U2:v] 2| Hz[ ua:v] o Hz| B
B.. 6350 2400 51300 6350 1200 51.300 2

4 [»

Condensed Show ratio
— = - Figure 19. Test results after stopping
xt Timer oltage urrent
m‘ 0.000 s | 0.000 VAC | 0.000 AAC <'| "l the test

The test was repeated several times, and the measurement is confirmed.

4.4.1. Conclusions for the start level.

The relay threshold has been tested to be 51,3 Hz. The setting is 51,3 Hz.
Error is 0 mHz and the given accuracy is 2 mHz.
The test is passed?’.

7 with such small tolerance of the relay, it is a good practice to measure this threshold 5 times and report the
average value of this measurement.
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4.5. Testing the start time of overfrequency relay with standardized
frequency ramp.

4.5.1. Introduction.

IEC 60255-181 requires to perform the test of the start time with 4 different frequency ramps
(par.3.3.1). For commissioning/maintenance, it is reasonable to choose only one or two of the
possible ramps; for example the two central ramps (1 Hz/s and 2 Hz/s).

In this application note we will test all the 4 frequency ramps?.
The frequency ramp is setup in the Ramp tool of SVERKER 900, in paragraphs 4.5.2, 4.5.3 and
4.5.4.

4.5.2. Pre-fault values.

The pre-fault value is the power system nominal frequency (50 Hz in our example), and it shall be
injected for at least 1 second?®.

Figure 20 shows the pre-fault value of 1 second, at power system nominal frequency of 50 Hz?°
and rated secondary voltage of 63,5 V.

ut

U2

KFlessov [2400°  [50.000 Hz

LEMe3sov [1200°  [50.000 Hz mm
[ | 51|

STOPPED

>
o 4

4.5.3. Setup the frequency ramp of 0,5 Hz/s.

|
|
|
LMs350v  Jooe [50.000 Hz |
|
|

Prefault: 11000 ms
[7 Figure 20. Pre-fault values for the
standardized frequency ramp in

SVERKER 900

Ext Timer
0.305s

The relay will be tested with the standardized frequency ramp of 0,5 Hz/s.
Just write 0,5 Hz/s in the ramp conditions (Figure 21),

18 Commissioning/maintenance tests are a small sub-set of the type tests [15]. Common sense suggests

avoiding over-testing for commissioning/maintenance. Considering that the IEC 60255-181 is a new standard,
it is expected to see more than strictly necessary tests for frequency protections. When the standard will be
better known, the number of tests will probably be reduced. We are following this idea by testing all the 4 ramps,
as there is a certain “curiosity” in understanding the relay behaviour. Also a statistical approach is described in
many of IEC 60255-1xx relay protection series, and it is worth to get used to this approach [3].

¥ The pre-fault condition is meant to let the protection relay to stabilize the frequency measurement, before the

power system fault occurs (the frequency ramp starts). If in doubt on how long to set the pre-fault, set it to 5
seconds. So far, no protection relays have been observed to need more than 5 seconds to stabilize the
frequency measurement.

20 For 60 Hz power systems, it will be 60 Hz. Note that that for these tests, the frequency ramp shall always
start at the nominal power system frequency (per IEC 60255-181)
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EMo.00 av/s 0.0 a°/s  [0.500 AHzs |
Koo avis  Jooa%s  [0.500 AHz/s |

'ENo.0o avis  Jooa%/s  [0.500 AHzs | mm
o | 51 ]

STOPPED

- Figure 21. Setting the ramp values of
Ext Timer R ---Ohm Z ---Ohm .
0308 < % —omm | 5o 4-| -}| 0,5 Hz/s in SVERKER 900

4.5.4. Setup the final point of the frequency ramp.

The final point of the frequency ramp is set to 2 Hz above the relay setting of the start value.
The final value will be 51,3 Hz + 2 Hz = 53,3 Hz, as shown in Figure 22.

11 R
[T = = = |
[T = = = |
I — = [53.300 Hz |
I — [53.300 Hz |

e A o
o] o

STOPPED ) . )
Figure 22. Setting the final state of the

frequency ramp to 2 Hz above the
relay setting for the start level (53,3

Ext Timer R --- Ohm Z --- Ohm
I | Hz).
0.305s X ---Ohm @ ---° * ’ )

4.5.5. Run the ramp and measure the start time from SVERKER 900.

, the test will start (Figure 23):

87

Je3sov  [2400°  ]50.302 Hz

Jezsov [1200°  [50.306 Hz E

STOPPED

e - fz C)h“ Figure 23. Initial situation right before
imer --- Ohm --- Ohm .
03055 % — ohm P il .}l starting the ramp.

The ramp is stopped when the start contact has activated, as shown in Figure 24. SVERKER 900
reports the duration of the ramp, from when it started to when it was stopped.

| |
I |
I |
| fezsov  Jooe [50.304 Hz |
I I
I |

<
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SVERKER 900 reported a ramp duration of 2,688 s (2688 ms).

U3

U2

[e3sov Paooe 51350 H:z

[e3sov [i00°  [51.348 Ha mm
oo | o1

TRIP[1] 2.688 s

|
|
l63sov Jooe [51.347 Hz |
l
|

Figure 24. Final situation shown by
SVERKER 900 after relay start

Ext Timer - Z --- Ohm : :
activation.
0.305s - G o _I" _I"

Remove from this result, the time that SVERKER 900 needed to go from 50 Hz to the relay
setting, 51,3 Hz. This time is 2,6 seconds and needs to be manually calculated, with this formula:

(Relay setting start f (Hz) — Nominal f (Hz))

Start Time (s) = SVERKER 900 Time (s) — e
Frequency Ramp Speed (T)

That can be simplified into:

Start Time (s) = SVERKER 900 Time (s) — K (s)

Where the variable K is calculated by;

KGs) (Relay setting start f (Hz) — Nominal f (Hz))
S)=
Frequency Ramp Speed (%)

With the following data:

SVERKER 900 Time = 2,688 s (See Figure 24)

Relay setting start = 51,3 Hz

Nominal f = 50 Hz (the beginning of the frequency ramp, always equal to the nominal frequency)
Frequency Ramp Speed = 0,5 Hz/s

The variable K is:

B (Relay setting start f (Hz) — Nominal f (Hz)) _ (51,3 Hz—50 Hz)

Hz 0,5Hz/s
s

K (s)
Frequency Ramp Speed ( )

= 2,65 = 2600 ms

and the start time:

Start Time (s) = 2688 (ms) — 2600 ms = 88 ms

Figure 25 shows graphically the numbers just calculated.
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51,3 Hz

50 Hz

2600 ms 88 ms
(K) (Start Time)

Figure 25. Graphical representation of

2688 ms

(SVERKER 900 Time)

900.

By performing the same test 5 times, we get the following results from SVERKER 900:

Test Nr. Result from SVERKER 900 | K

0,5 Hz/s ramp

Relay Start time

1 2688 ms 2600 ms 88 ms
2 2688 ms 2600 ms 88 ms
3 2685 ms 2600 ms 85 ms
4 2688 ms 2600 ms 88 ms
5 2690 ms 2600 ms 90 ms

AVERAGE 2687,8 ms = 2688 ms 87,8 ms > 88 ms

4.5.6. Testing the start time of overfrequency for the other 3 frequency ramps.

The test performed for the frequency ramp of 0,5 Hz/s have been repeated for all the other 3

the calculated values with SVERKER

ramps (1,0 Hz/s, 2,0 Hz/s and 5,0 Hz/s) as indicated in par 3.3.1 and as it was done in par.4.5.2

t0 4.5.5:
Test Nr. Result from SVERKER 900 | K Relay Start time
1 Hz/s ramp
1 1388 ms 1300 ms 88 ms
2 1386 ms 1300 ms 86 ms
3 1382 ms 1300 ms 82 ms
4 1384 ms 1300 ms 84 ms
5 1386 ms 1300 ms 86 ms
AVERAGE 1385,2 ms = 1385 ms 85,2 ms = 85 ms
Test Nr. Result from SVERKER 900 | K Relay Start time
2 Hz/s ramp
1 733 ms 650 ms 83 ms
2 739 ms 650 ms 89 ms
3 741 ms 650 ms 91 ms
4 734 ms 650 ms 84 ms

Page 19(43)



Testing frequency relays with SVERKER 900

considering the IEC 60255-181 standard

Megger.

5 737 ms 650 ms 87 ms
AVERAGE 736,8 ms > 737 ms 86,8 ms - 87 ms
Test Nr. Result from SVERKER 900 | K Relay Start time
5 Hz/s ramp

1 347 ms 260 ms 87 ms

2 344 ms 260 ms 84 ms

3 344 ms 260 ms 84 ms

4 344 ms 260 ms 84 ms

5 350 ms 260 ms 90 ms

AVERAGE 345,8 ms > 346 ms 85,8 ms > 86 ms

4.5.7. Summary of relay start time for all 4 frequency ramps.

All the results are reported in the following table:

Ramp Result from SVERKER 900 | K Relay Start time
(average on 5 tests) (average on 5 tests)

0,5 Hz/s 2688 ms 2600 ms 88 ms

1,0 Hz/s 1385 ms 1300 ms 85 ms

2,0 Hz/s 737 ms 650 ms 87 ms

5,0 Hz/s 346 ms 260 ms 86 ms

4.5.8. Conclusions for start time with standard frequency ramps

As mentioned previously, for commissioning/maintenance tests it is probably enough to test only
some of the frequency ramps (for example 1,0 Hz/s and 2,0 Hz/s), especially if data according to
IEC 60255-181 in the relay manual are given, so that results can be immediately verified.

As no data according to IEC 60255-181 are given for this relay, as it was manufactured before
this standard existed, we have performed tests for all the ramps to better understand the relay

from IEC 60255-181 point of view, and to add more information that can help the reader.

Note also that since this relay is a “Type 1” relay (par.4.2.3), it would have been possible to test
the start time by stopping the SVERKER 900 with the operate contact, by setting the delay time in

the relay to 0 ms.

The relay manual informs about a typical start time of 100 ms (par.4.2.4).

We have measured a start time of approximately 90 ms, using all the 4 standardized frequency

ramps.

The start time that we have measured is compatible with the given 100 ms and we declare the

test passed.
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4.6. Testing the start time of overfrequency relay with standardized

“frequency jump”.

4.6.1. Introduction

The test with the sudden frequency change is relatively easy, but one thing is important: the test
must not introduce any phase shift (par.3.3.2). For this we need to use some phase shift
corrections for the phase voltages in the fault in the “pre-fault and fault test” from SVERKER 900
(later on in this application note —par.5.6- we will describe a simplified method, useful especially
when data from the relay, with reference to IEC 60255-181 are given or when the relay behaviour
is more or less already known).

The phase angle correction, for one second pre-fault (at the nominal frequency) is given by the
formula:

PHIcorrection(o) = (fnom - ffault) (HZ) % 360 (0)
Where
from is the nominal frequency at the pre-fault

fraurt is the fault frequency; it depends on the relay setting and on the level of the “frequency jump”
requested by the test.

Please note that the formula above is ONLY valid for a pre-fault duration of 1 second.

If we want to consider all the 4 “frequency jumps” requested by the standard we can have this
table, for the overfrequency relay setting of 51,3 Hz:

“Frequency Jump”
above relay setting

Fault Frequency

PHI_correction for fault voltages

0,2 Hz 51,3Hz+0,2Hz=515Hz | -1,5*360 =-180 deg

0,5Hz 51,3Hz+05Hz=51,8Hz | -1,8*360=-288 deg =72 deg
1Hz 51,3Hz +1Hz =52,3 Hz - 2,3*360 = -108 deg = 252 deg
2 Hz 51,3Hz + 2 Hz = 53,3 Hz - 3,3* 360 = -108 deg = 252 deg

4.6.2.

The test for a “frequency jump” test of 0,5 Hz is shown below. All other cases are then repeated in
the same way and the results are summarized in a table.
Pre-fault values

Set the pre-fault values in the pre-fault and fault instrument of SVERKER 900. Note that the pre-
fault values have to be the nominal power system frequency (50 Hz or 60 Hz).

Be careful and set the pre-fault values to be 1 second long (par.4.6.1) as shown in Figure 26.

N [ =
[T o = =
[T o E—
| U1 EETETE [50.000 Hz
NP ls350v  [2400°  [50.000 Hz
NEMs3s0v  [1200°  [50.000 Hz

Ext Timer
0.305s

Figure 26. Pre-fault values for the
standardized frequency ‘jump” in
SVERKER 900. Set the duration of
the pre-fault to 1 second so you can
use the values calculated in 4.6.1 for
the correction for the phase angles for
the fault
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4.6.3. Fault values

Set the fault values, considering the phase correction that was calculated for the frequency jump
of 0,5 Hz (fault frequency = 51,8 Hz), as in Figure 27

u1

u3

uz

EFle350v  [3120°  [51.800 Hz
N'EMszsov  [1920°  [51.800 Hz

|
|
|
Elsss0v [roe [51.800 Hz |
|
|

0vDC

M“: 1000 ) off Dehy TRIP[1] 0.183 s

N+Q®
Ext Timer R --- ohrn
0.305s X ---

4.6.4. Run the test and measure the start time from SVERKER 900.

Figure 27. Fault values for the
standardized frequency ‘jump” of 0,5
Hz in SVERKER 900. Note the phase

°'"" ilt] angle correction calculated in 4.6.1.

Presse and then run the test by pressing
28.

u1

Jezsov  |moe [51.800 H:
Je3sov  [3120° 51800 H:

Je3sov  [120° 51800 Hz m

- Off Delay: TRIP[1] 0.183 5

u2

|
|
= = = [
|
|

Figure 28. Start time (pick-up time)
result for a standardized frequency

Ext Timer jump of 0,5 Hz.

0.305s

By performing the same test 5 times, we get the following results from SVERKER 900:

Test Nr. Result from SVERKER 900
0,5 Hz Jump

1 183 ms

2 190 ms

3 185 ms

4 178 ms

5 183 ms

AVERAGE 183,8 ms > 184 ms

Figure 29 shows that the injected voltages are continuous, if injected with the correct phase
correction:
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Figure 29. Note the voltages are fully continuous when the frequency changes from pre-fault to
fault, which is somewhere around 190 ms from the start signal. The two cursors show
approximately 225 ms from when the start signal triggered.

The same test, performed without phase angle correction, shows the discontinuity at the instant of
the frequency jump (Figure 30):

B WAVEWIN ABE HM.§
Files Data Channels View Values Window Help
Exit System E m & Back [ Files

Data  — ~ () B B B G L s oA § = & el et 6 B [l W T

¥ RelayABB2020070775.dat - 07/07/2020 - 17:23:02.005 - Primary - (Peak Type)

el + [RI=T=] units Tite

UL LY
ENENERENL VA

H

ARARERA VAN

W LINE_ULIL2

W LINE_UILE

I
T458 T4E0 T405 T80 NELEY 3 LET) L

1 Station name Tue - 07/07/2020 17:23:01.698 Defta X: 225,000 ms (11,250 cyc @ 50,0 fs: 1000, Hz |AS: ++ Delfta Y: 125715,191 V
]

Figure 30. Note the voltages are discontinuous (phase shift jump) when the frequency changes
from pre-fault to fault, which is exactly the discontinuity at approx. 190 ms from the start signal.
The two cursors show approximately 225 ms from when the start signal triggered.
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4.6.5. Testing the start time of overfrequency for the other 3 frequency jumps.

The test performed for the frequency jump of 0,5 Hz have been repeated for all the other 3 jumps
(0,2 Hz, 1,0 Hz/s and 2,0 Hz) as indicated in par.3.3.2 and as it was done in par.4.6.2 to 4.6.4:

Test Nr. Result from SVERKER 900
0,2 Hz jump

1 181 ms

2 190 ms

3 183 ms

4 189 ms

5 181 ms

AVERAGE 184,8 ms = 185 ms

Test Nr. Result from SVERKER 900
1 Hz jump

1 185 ms

2 186 ms

3 189 ms

4 185 ms

5 179 ms

AVERAGE 184,8 ms = 185 ms

Test Nr. Result from SVERKER 900
2 Hz jump

1 183 ms

2 185 ms

3 182 ms

4 182 ms

5 180 ms

AVERAGE 182,4 ms 2> 182 ms

4.6.6. Summary of relay start time for all 4 frequency jumps.

All the results are reported in the following table:

Jump Result from SVERKER 900
(average on 5 tests)

0,2 Hz 185 ms

0,5 Hz 184 ms

1,0 Hz 185 ms

2,0Hz 182 ms
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Conclusions for start time with standard frequency jumps

As previously mentioned, for commissioning/maintenance tests it is probably enough to test only
some of the frequency jumps (for example 0,5 Hz and 1,0 Hz), especially if data according to IEC
60255-181 in the relay manual are given, so that results can be immediately verified.

As no data according to IEC 60255-181 are given for this relay, as it was manufactured before the
standdard was published, we have performed tests for all the jumps to better understand the relay
from IEC 60255-181 point of view, and to add more information that can help the reader.

Note also that since this relay is a “Type 1” relay (par.4.2.3), it would have been possible to test
the start time by stopping the SVERKER 900 with the operate contact, by setting the delay time in
the relay to 0 ms.

The relay manual informs about a typical start time of 100 ms (par.4.2.4). We have measured a
start time of approximately 185 ms, using all the 4 standardized frequency jump methods.

The start time that we have measured is away from what ABB declares (185 ms against 100 ms).

We have contacted ABB and the interesting reply is in par. 4.8.

4.7. Testing the operate time of the overfrequency relay.

4.7.1.

4.7.2.

Introduction

The best way to test the operate time of the overfrequency relay without interpreting too much the
IEC standard, is to measure the time distance between the start (pick-up) signal and the operate
(trip) signal. This is the measurement of the “relay time delay”.

As the relay is of “Type 17, this time is then added to the start time that was measured in the
previous paragraphs by using two clear and well-defined testing methodologies?!, to get the
operate time (par.3.3.3).

For this test it is not important to create any type of realistic test condition, as the simple
functionality (and eventually accuracy, if wished??) of the overfrequency relay internal timer is
measured..

As consequence of this concept, the simplest test that is able to cause the protection function to
start (pick-up) and operate (trip) can be used®.

With SVERKER 900 we will use the pre-fault and fault sequence, where only the frequency
changes from the nominal value (or any other value below the threshold, if really wished) to a
value well above the threshold to be 100% sure the relay operates (for example, 1 Hz above the
threshold). The phase angle will not be corrected, so the test will create a phase shift when the
frequency changes.

The time difference between start and operate signals is measured by using the extra timer
available in SVERKER 900. The Extra Timer is set to start with activation of the start (pick-up)
contact, and to stop by activation of the operate (trip) contact.

Connections

Figure 31 shows the connections to the SVERKER 900.

2L hased on the application: where there is a prevalence of rotating masses (inertia), the standardized ramps

will be considered, where there is prevalence of static generation, smart grid (very low inertia), the sudden
frequency change will be considered.

22 The accuracy of digital timers is today so high, that there is no practical need to measure it in
commissioning/maintenance tests, unless the test results are suspicious and deeper investigations are required
23 |EC 60255-181 requires using the sudden change frequency test (par.3.3.2), which introduces the complexity

of correcting the phase angles to make sure the generated voltages are continuous. Once the intention of this
test is understood, it is non-controversial to provide a test with a frequency jump where the phase angles are
not corrected at all. This has impact (eventually) on the start time, but we are not measuring the start time, we
are measuring the time difference between the activation of the start and operate signals.
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Figure 31. Schematic diagram representing the connections of the 3 voltage generators of
SVERKER 900 to ABB overfrequency protection relay in RET670. The start signal is connected to
the “START BI” of the Extra Timer. The operate signals is connected to the “STOP BI” of the
Extra Timer.

Figure 32 show the settings for starting and stopping the Extra Timer of SVERKER 900:

»
Ext Timer Current Ext Timer Voltage Current
0.000 s 0.000 VAC 0.000 AAC 0.306 s 0.000 VAC 0.000 AAC . .
Figure 32.Settings for the Extra Timer to be started on activation of start signal of the relay and to
be stopped on activation of operate signal of the relay.

4.7.3. Setting pre-fault and fault values

The pre-fault value is chosen to be 50 Hz frequency, nominal rated voltage of the RET 670, for
one second. Fault frequency is chosen to be 1 Hz over the frequency threshold (51,3 Hz), and to
underline that there is no need to be exact on this value, 52 Hz will be chosen.

Note that there are no corrections on the phase angles between pre-fault and fault, which means
that the injected voltages will not be continuous (Figure 33) and will be similar to what shown in
Figure 30 page 23.
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Figure 33.Pre-fault and fault settings for measuring the internal relay delay time.
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4.7.4. Test execution and results

By tapping on and then on — the test will start. The test result is given by the
value of the Extra Timer (Figure 34).

us

lpasov Jooe [52.000 Hz
leasov Je400°  [52.000 Ha
le3sov Ji200°  [52.000 H:

Figure 34.Test result is shown by the

Ext Timer o Extra Timer (303 ms).
0.303 s 0.000 VAC 0.000 AAC

This test has been repeated 5 times and the test results are available in the following table, where
also the average value is calculated:

Test Nr. Result from Extra Timer Error from 300 ms
(Time difference between Start and Operate)

1 306 ms 6 ms

2 303 ms 3 ms

3 306 ms 6 ms

4 306 ms 6 ms

5 303 ms 3ms

Average | 304,8 ms 4,8 ms

4.7.5. Conclusions for delay operate time

ABB RET 670 declares a timer error of +/- 0,5% of setting value +/- 10 ms (par.4.2.4).
This means an error of:
0,5% (300 ms) +/- 10 ms = +/-1,5 ms +/-10 ms = +/- 11,5 ms

Considering that this measurement is conditioned by the variation of the response time of the
contacts, and considering this variation to be of the order of 1 ms, our measurement shows that
the protection relay timer is well inside the accuracy declaration, and the test is passed.
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4.8. Conclusions for RET670 relay.

The overfrequency relay in RET670 has a start time of approximately 90 ms for conventional
applications (test with standardized frequency ramps) and a start time of approximately 185 ms
for “smart grid” applications (tests with sudden frequency jump).

For the operate time, we need to add the time delay to the start time and get the final table, which
gives a clear description of the protection function.

Application RET670 Start Time RET670 Operate time
(time delay setting 300 ms)

Rotating masses, inertia Approx. 90 ms (par.4.5.7) Approx. 390 ms

Static generation, no inertia Approx. 185 ms (par.4.6.6) | Approx. 485 ms

4.8.1. Explanations from Hitachi ABB Power Grids

We have contacted the relay manufacturer (par. 7.2) for having an explanation about the results
of our tests and here the interesting reply:

For the start time/operate time at frequency jumps:

Frequency shall not jump in the traditional power system. If this happens in the invertor based
system this might mean actually a fault (inverters do strange staff then), islanding etc and is not
an event for which the frequency relay shall react except if this condition do not persist for a
longer time.

In Hitachi ABB Power Grids opinion, the frequency is a statistical quantity. It cannot be calculated
instantaneously; otherwise, the relay would possibly react even during CB switching in the power
system, which can have disastrous consequences, especially during more complex conditions in
the power system, such is for example an under-frequency load-shedding event, when
multiple/many CBs will open throughout the network in relatively short time[13]. Therefore,
appropriate measures have been done in the relay algorithm, which ensure that the frequency
function reacts in accordance with regulation and requirements, existing at the beginning of this
millennium when the relay was designed. Consequently the start time as given in this document
are observed during testing.

For the relay documentation according to IEC 60255-181:2019:

Hitachi ABB has performed the type tests of their frequency relays according to the IEC standard
and the future version of protection IEDs will have the performance declarations according to the
requirements of IEC 60255-181.
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5. Simplified testing of RET670 with SVERKER 900.

5.1. Introduction.

The following paragraphs are difficult to understand without that the previous par.3 and par.4 are
understood.

One time in the life, please make sure you have gone through them. Later on, feel confident to
use this simplified test method.

In this method we will not use the start (pick-up) signal of the relay, but only the operate (trip)
signal®*.
5.2. About the overfrequency relay under test: ABB RET670.

The overfrequency relay is the same relay (RET670) we tested in par.4, and also the settings are
the same.

Additionally to the settings, repeated here for convenience (see par.4.2.1):
- f start =51,3 Hz
- Timer = Definite time = 300 ms

we know that the relay is of “Type 1” (see par.3.3.3 and par.4.2.3). This means that the settable
delay time of 300 ms has to be added to the relay start time to get the operate time.

The relay start time is approximately 90 ms (from par.4.5.8) for tests with “frequency ramp” and it
is of approximately 185 ms (from par.4.6.7) for tests with “frequency jump”.

The relay operate time has to be reasonably expected as:
- Approx. 90 ms + 300 ms = approx. 390 ms for tests with “frequency ramp”

- Approx. 185 ms + 300 ms = approx. 485 ms for tests with “frequency jump”

5.3. Connecting SVERKER 900 to the ABB RET670.

The voltage generators of SVERKER 900 are star-connected to the phase voltage inputs of
RET670 to generate 3 three phase symmetrical voltages.

Connect the operate signal of overfrequency protection in RET670 to SVERKER 900. Figure 35
shows the connections.

24 Be aware that the start signal is a very important signal for frequency and frequency related protections

(ROCOF), as it is often used to block some other protection relays or start some load shedding logics. You
should consider “strange” that the start signal is not available for testing.
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Figure 35. Schematic diagram representing the connections of the 3 voltage generators of
SVERKER 900 to ABB protection relay RET670. Only the operate (trip) signal of the
overfrequency protection function is connected to SVERKER 900.

5.4. Testing the Start level of overfrequency relay.

The idea is to generate a “manual frequency ramp”, with the minimum step allowed by SVERKER
900. Start to inject nominal voltage(s) with a frequency below the start level, typically 2 or 3 times
the tolerance (2 mHz), and slowly increase the frequency with the knob, until the relay operates
(trips). As the expected operate time of the relay is not more than 500 ms (par.5.2), wait
approximately 2 or 3 times this value before increasing the frequency with the knob: between one
or 2 seconds.

Set SVERKER 900 to stop the generation at the activation of binary input 1 (operate contact), free
contact sensing, as in Figure 36.

0 HH A

OFF +TIME ‘ ON+TIME ’
Ext Timer Voltage Current m Ext Timer Current . .
0.303 s 0.000 VAC 0.000 AAC 0.303s 0.000 VAC 0.000 AAC

Figure 36. SVERKER 900 stops the generation on the operate (trip) contact, which is connected
to Binary Input 1.
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We will start generating a three phase voltage system of secondary 63,5 V (secondary rated
voltage of the relay) at a frequency reasonably far away from the tripping level of 51,30 Hz. In
general every frequency relay has a tolerance better than 20 mHz, so starting 50 mHz away is a
safe margin.: 51300 mHz — 50 mHz = 51250 mHz = 51,25 Hz?®

Press -, The generation from SVERKER 900 starts with the setup shown in Figure 37.

u3

|
|
.El """ | """ | """ ‘ Ut
|
|
|

Lilezsov Jooe [51.250 Hz
K Ms350v  [p400°  [51.250 Hz
KENessov [1200°  [51.250 Hz

“ Figure 37. Start of the “manual
T o — frequency ramp at nominal voltage
X imer oliage urren
‘ H 0.000 s | 0.000 VAC 0.000 AAC il 2' Ievel, at 51’250 Hz.

Press now and select the frequencies for the three voltages (by tapping on them) (Figure

u3
ut
U2

0VDC

HOLD 1

38):

| U1 EETEE 51250 Hz
KFle350v  [2400° 51250 Hz
EMes 50y [1200°  [51.250 Hz

% “ Figure 38. Selecting the frequencies
— - * - for voltages U1, U2 and U3 and
xt Timer oltage urrent H @ ”
0.000 s 0.000 VAC 0.000 AAC il 2' pressing "HOLD".
The frequency is incremented by the knob rotation. Slowly rotate the knob (1 mHz at a time),

waiting between 1 and 2 seconds from one step to the next step. The test is stopped when the
relay activates the operate contact.

The relay operates (trips) at exactly 51,3 Hz, as Figure 39 shows:

5 |f the relay trips at the first generation, start a little bit more far away.
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u3

ut

uz

NPless0v  [2400°  [51.300 Hz
NEMessov  [1200°  [51.300 Hz

|
|
|
ENezsov  Jooe [51300Hz |
|
|

0VvDC

TRIP HOLD 1

n Figure 39. Operate (trip) of
overfrequency protection. The

‘ H Ext Timer | Voltage Current ‘.l .>| threshold has been detected.
0.000 s 0.000 VAC 0.000 AAC

Press now NN and see the test results, that can be saved in the report, if you want (Figure
40).

Hz| u2:v| °] Hz| U3:v| °] Hz| Bl
63.50 240.0 51300 6350 120.0 51300 1

« [»

Condensed Show ratio
Figure 40. Test results after stopping
Ext Timer Voltage Current the test
m‘ 0.000's | 0.000 VAC | 0.000 AAC "l '>|

The test was repeated several times, and the measurement is confirmed.

5.4.1. Conclusions for start level

The relay threshold has been tested to be 51,3 Hz. The setting is 51,3 Hz.
Error is 0 mHz and the given accuracy is 2 mHz.
The test is passed?®.

26 With such small tolerance of the relay, it may be good practice to measure this threshold 5 times and report
the average value of this measurement.
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5.5. Testing the operate time of overfrequency relay with standardized
frequency ramp.

5.5.1.

5.5.2.

5.5.3.

Introduction.

Unless we have indications for using a special frequency ramp, we will use the standardized ramp
of 1 Hz/s. Indications for using other ramps can be given by the presence of ROCOF relay. Look
at the settings of the ROCOF relay and stay below that setting to avoid ROCOF to operate?”.

The frequency ramp is setup in the Ramp tool of SVERKER 900, in paragraphs 5.5.2, 5.5.3 and

5.5.4.

Pre-fault values.

The pre-fault value is the power system nominal frequency (50 Hz in our example), and it shall be

injected for at least 1 second?®.

Figure 41 shows the pre-fault value of 1 second, at power system nominal frequency of 50 Hz?°

and rated secondary voltage of 63,5 V.

us

ur

NNs3sov  Jooe
K lezs0v [400°
KEls3s0v [1200°

u2

[50.000 Hz
[50.000 H:

|
|
|
[s0.000 Hz |
|
|

owe | 51

STOPPED

Prefault:

v >
 fo) | wone €| P

Ext Timer
0.303s

Voltage
0.000 VAC

0.000 AAC
Setup the frequency ramp of 1,0 Hz/s.

Figure 41. Pre-fault values for the
standardized frequency ramp in
SVERKER 900

The relay will be tested with the standardized frequency ramp of 1,0 Hz/s.

Just write 1,0 Hz/s in the ramp conditions (Figure 42),

2T ROCOF operates on the frequency rate of change, and not on the frequency [9]

28 The pre-fault condition is meant to let the protection relay to stabilize the frequency measurement, before the

power system fault occurs (the frequency ramp starts). If in doubt on how long to set the pre-fault, set it to 5
seconds. So far, no protection relays have been observed to need more than 5 seconds to stabilize the

frequency measurement.

29 For 60 Hz power systems, it will be 60 Hz. Note that for these tests, the frequency ramp shall always start at

the nominal power system frequency (per IEC 60255-181)
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H'ENo.oo av/s  [0.0 4% [1.000 AHzfs \
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oo | 51

STOPPED

I -/- Figure 42. Setting the ramp values of

Ext Timer Voltage Current .
Eoll 5o | ooeee | s @]  1.0Hzsin SVERKER 900

5.5.4. Setup the final point of the frequency ramp.

The final point of the ramp can be tricky, because the ramp now will stop when the relay trips and
not when the relay starts. Set the ramp at the highest setting value the relay allows. It is very
probable that the relay can well measure the frequency at that value (and even more of course,
but we do not need to be exact here). RET670 allows a setting of 75 Hz (par.4.2.1).

The final point of the frequency ramp is set to 75 Hz*°, as shown in Figure 43.

N = = |
T = = = |
[T o= = [= |
— [ [75.000 Hz ]
I— [ [75.000 Hz |
B [ [75.000 Hz |

STOPPED

Figure 43. Setting the final state of the

Ext Timer Current f
requency ramp to 75 Hz.
0.303s 0.000 VAC 0.000 AAC 4- -’ q y P

5.5.5. Run the test and measure the operate (trip) time from SVERKER 900.

and then on -’ the test will start (Figure 44):

By tapping on

30 In case the relay will not trip for any reason (wrong connections for example), the ramp will stop at 75 Hz. So

we do not risk to “Inject” into the relay frequencies that the relay is not able to measure correctly. As said,
RET670 will of course measure correctly higher frequencies than 75 Hz, but we are not searching for the limit.
We just want a comfortable frequency to stop without risking that the relay measures wrongly (with risk of
causing false trips or starts)
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Figure 44. Initial situation right after
the ramp started. The timer “Trip” is
counting.

Ext Timer Voltage Current
0.303s 0.000 VAC 0.000 AAC ' | . |

The ramp stops when the trip contact activates, as shown in Figure 45. SVERKER 900 reports
the duration of the ramp, from when it started to when it was stopped.

SVERKER 900 reported a ramp duration of 1,691 s (1691 ms).

ls3sov 400 51698 Hz
ls3s0v  J200°  [51704 He

\
\
\
\ le3sov  Joo- [51.701 Ha
\
\

TRIP[1] 1.691 s

Figure 45. Final situation shown by
SVERKER 900 as consequence of
the relay trip.

Ext Timer Voltage Current
0.303 s 0.000 VAC 0.000 AAC ' | ' |

Remove from this result, the time that SVERKER 900 needed to go from 50 Hz to the relay
setting, 51,3 Hz. This time is 1,3 seconds and needs to be manually calculated, with this formula:

(Relay setting start f (Hz) — Nominal f (Hz))
Hz
s

Operate Time (s) = SVERKER 900 Time (s) —
Frequency Ramp Speed ( )

That can be simplified into:
Operate Time (s) = SVERKER 900 Time (s) — K (s)

Where the variable K is calculated by;

(Relay setting start f (Hz) — Nominal f (Hz))
Hz
s

K(s) =
Frequency Ramp Speed ( )

With the following data::

SVERKER 900 Time = 1,691 s (See Figure 45)

Relay setting start = 51,3 Hz

Nominal f = 50 Hz (the beginning of the frequency ramp, always equal to the nominal frequency)
Frequency Ramp Speed = 1,0 Hz/s

The variable K is:
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(Relay setting start f (Hz) — Nominal f (Hz)) _ (51,3 Hz—50Hz)

Frequency Ramp Speed (%) 1,0 Hz/s

K (s)= =1,3s = 1300 ms

And the start time:

Operate Time (s) = 1691 (ms) — 1300 ms = 391 ms

Figure 46 shows graphically the numbers just calculated.

f
TRIP! 1,0 Hz/s

51,3 Hz | e

50Hz

1300 ms 391 ms
(K) (Operate Time)

Figure 46. Graphical representation of
the calculated values with SVERKER

1691 ms 900.

(SVERKER 900 Time)

By performing the same test 5 times we get the following results from SVERKER 900:

Test Nr. Result from SVERKER 900 | K RET670

1,0 Hz/s ramp Operate (trip) time
1 1691 ms 1300 ms 391 ms

2 1690 ms 1300 ms 390 ms

3 1690 ms 1300 ms 390 ms

4 1688 ms 1300 ms 392 ms

5 1687 ms 1300 ms 394 ms

AVERAGE 1689,2 ms = 1689 ms 389,2 ms = 389 ms

5.5.6. Conclusions for operate time with standardized frequency ramps

We have measured an operate time of approximately 390 ms, which is in line with what we
expected (par.5.2)
The operate time that we have measured is reasonable and we declare the test passed.
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5.6. Testing the operate time of overfrequency relay with “frequency
jump”.

5.6.1. Introduction

Even if the IEC 60255-181 standard requires the frequency jump to have a continuous waveform
(which means consider a phase correction for the jump), we will “risk” and will not create that
condition, to have the test simpler and faster. The voltage waveforms will be discontinuous or,
better said, we create a phase shift when we do the frequency jump (see Figure 29 and Figure 30
for better understanding).

If we get results far away from the expected results, we will redo the test without phase shift (see
par.4.6.1) because maybe the relay start time (and operate time as consequence) is affected by
the phase shift.

The test for a “frequency jump” of 0,5 Hz is chosen.
We know (par.5.2) that the expected operate time should be approximately 490 ms.
5.6.2. Pre-fault values

Set the pre-fault values in the pre-fault and fault instrument of SVERKER 900. Note that the pre-
fault values have to be the nominal power system frequency (50 Hz or 60 Hz).

Set the pre-fault values to be 1 second long or more (Figure 47):

u3

|
|
m """ | """ | """ ‘ ut
|
|
|

EUNs3sov Jooe [50.000 Hz
K ls350v [240.0° 50000 Hz
KENs3s0v  [1200° 50000 Hz

0 VvDC

STOPPED

el Figure 47. Pre-fault values for the
frequency “jump” in SVERKER 900.
\y {\/+® ,\J* “ Set the duration of the pre-fault to 1
Ext Timer Voltage Current
m 0.303s 0.000 VAC 0.000 AAC il ZI second (or more).

5.6.3. Fault values

Set the fault values, (fault frequency = 51,8 Hz), as in Figure 48. Keep the same phase angles as
for the pre-fault (no phase shift correction).

u3

|
|
HEN — — | ui
|
|
|

| U1 EEYEEE [51.800 Hz
EPls3sov [2400° 51800 Hz

REMs3s0v  [1200°  [51.800 He Em
oo | 61

STOPPED

,\/_,G “ Figure 48. Fault values for the
BT . —— frequency “jump” of 0,5 Hz in
X imer oltage urren

m 0.203s 0.000 YAC | 0.000 AAC il ZI SVERKER 900.

5.6.4. Run the test and measure the operate time from SVERKER 900.

Press and then run the test by pressing -,

49.

, the result is clearly shown in Figure
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le3sov p4ooe  [51.800 Hz
ls3sov  Ji200°  [51.800 Hz

| |
| |
| |
| lpasov  Joo- [s1800 Hz ]
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TRIP[1] 0.496 s

Figure 49. Operate time (trip time)
result for a frequency jump of 0,5 Hz.

Ext Timer Current
0.303s 0.000 VAC 0.000 AAC ' | . |

By performing the same test 5 times, we get the following results from SVERKER 900:

Test Nr. Result from SVERKER 900
0,5 Hz Jump

1 496 ms

2 487 ms

3 489 ms

4 489 ms

5 490 ms

AVERAGE 490,2 ms = 490 ms

5.6.5. Conclusions for operate time with frequency jumps

We have measured a trip time of approximately 490 ms. This is in line with what we know from
the previous tests (more rigorous tests, par.4.5, 4.6 and 4.7) but not according to what the manual
declares.

The manual declares a start time of typically 100 ms. 300 ms of time delay + 100 ms of “start
time” would make 400 ms, and we have measured 490 ms, confirming the tests done.

We have contacted ABB and the interesting reply is in par.5.7

We have also seen that the operate time (and as well the start time) in ABB RET670 are not
affected by the phase shift, when performing frequency jump tests, because the operate time
measured with the simplified tests is in accordance to the operate time calculated with the more
rigorous tests (start time + time delay settings, see par.4.6.7, 4.7.5 and 4.8).

5.7. Conclusions for simplified tests RET670.

The overfrequency relay in RET670 has an operate time of approximately 390 ms for
conventional applications (test with standardized frequency ramp), and an operate time of
approximately 490 ms for “smart grid” applications (tests with sudden frequency jump), as shown
in the table below:

Application RET670 Operate time

(for a time delay setting 300 ms)
Rotating masses, inertia Approx. 390 ms
Static generation, no inertia Approx. 490 ms

We have not measured the “start time”, but we know that the relay is of “Type 17, so the start time
can be obtained by removing the setting value of the time delay (300 ms) from the operate time,
getting the following measurements:
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Application RET670 Start time
Rotating masses, inertia Approx. 90 ms
Static generation, no inertia Approx. 190 ms

Confirming the measurements obtained in a more rigorous way, in par.4.8.

5.7.1. Explanations from Hitachi ABB Power Grids

We have contacted the relay manufacturer (par. 7.2) for having an explanation about the results
of our tests and here the interesting reply:

For the start time/operate time at frequency jumps:

Frequency shall not jump in the traditional power system. If this happens in the invertor based
system this might mean actually a fault (inverters do strange staff then), islanding etc and is not
an event for which the frequency relay shall react except if this condition do not persist for a
longer time.

In Hitachi ABB Power Grids opinion, the frequency is a statistical quantity. It cannot be calculated
instantaneously; otherwise, the relay would possibly react even during CB switching in the power
system, which can have disastrous consequences, especially during more complex conditions in
the power system, such is for example an under-frequency load-shedding event, when
multiple/many CBs will open throughout the network in relatively short time[13]. Therefore,
appropriate measures have been done in the relay algorithm, which ensure that the frequency
function reacts in accordance with regulation and requirements, existing at the beginning of this
millennium when the relay was designed. Consequently the start time as given in this document
are observed during testing.

For the relay documentation according to IEC 60255-181:2019:

Hitachi ABB Power Grids has performed the type tests of their frequency relays according to the
IEC standard and the future version of protection IEDs will have the performance declarations
according to the requirements of IEC 60255-181.
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6. Conclusions.

6.1. Two test approaches: one “conservative”, one “simplified”

In this application note, we have followed different approaches. In par.4 we have followed testing
methods very close to the descriptions and definitions of IEC 60255-181 standard
(“conservative”). The number of tests performed compared to the standard is still simplified; for
example the relay is only tested with the actual setting and not for all the setting range, which is
typical of type testing, but the definitions of start time, setting of the time delay and operate time
are kept. Nevertheless, the relay under tests were produced before the IEC 60255-181 standard
was published, so the relay manuals do not obviously give information related to the standard. As
the relays were somehow “unknown” from IEC 60255-181 point of view, we spent more time in
testing many details.

The tests also required the use of both start contact and trip contact from the relays.

In par.5 we have followed a simplified procedure. In this method, the definitions of start time,
setting of delay for the operate time and operate time are also kept, but merged together in the
operate time. It is recommended to follow this simplified procedure when the “relay behaviour” is
more or less known. Possibly after having done the tests according to par.4 (if the relay under test
is produced before the standard was published), or when the relay is tested according to IEC
60255-181, because many information are available on its behaviour already from the user’s
manual, similar to what described in par.5.2.

Comparing the results from par.4 and 5, we have also seen that the phase shift at frequency jump
tests seems to not have impact on the start/operate times of the ABB RET670.

It is good to know how the test should be formally carried (par.3.3.2) in case such relays are
encountered in the future.

6.2. One shotis not enough

Even with the risk to be pedantic, “one shot is not enough”. Repeating the tests 5 times, gives an
idea of the spread of the values, and helps to be comfortable with the test results.

When test results are Ok, 5 “shots” are usually enough. If it is necessary to show/report that
something is wrong, at least 10 shots are recommended.

IEC 60255-1xx uses a statistical approach in many relay performances and relay manufacturers
will follow this concept the more they will follow IEC 60255-1xx standards [3]

6.3. | have always tested with the “frequency jump”. What should I do now?

In the commissioning and maintenance tests of the past, frequency relays have been tested with

a sort of “sudden frequency jump method”. “Sort of” because the jump level is usually unclear,
and eventually the phase shift generated in the jump is also unclear.

When approaching the same relay again, it can be recommended to ask to the plant/relay owner
if the relay has always behaved correctly in the past. If the answer is yes, perform the test in the
same way as it was done before. If the answer is “doubtful”, maybe there have been some
unwanted operations.

In agreement with the relay owner, perform the tests in the same way it was done in the past (in
order to confirm the same behaviour of the relay for that test), and additionally perform the test
according to the IEC 60255-181 by using the standardized frequency ramp. If strange behaviour
is detected, it is worth to have a look to that relay ... will the relay behave correctly in case of an
eventual frequency dynamic scenario with similar rate of change (Hz/s) of what was tested?

If the test results are not adequate for the application, it is recommended to not blame the relay
manufacturer, nor the customer that has bought it and installed many years ago. The competence
on frequency related protection functions has grown with the experience of the last years,
especially when more smart grid applications have been implemented. The relay was with any
probability designed before the IEC 60255-181 standard was published. Accept the situation and
start the procedures to replace it with another relay that better performs dynamically, if unwanted
operations cannot be tolerated.
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If you feel you have problems in explaining the IEC 60255-181 standard to your customer or
colleagues, feel free to contact Megger, we are always available, as IEC members, to give
explanations to anybody interested in standardisation topics.

6.4. About “smart grid applications

In this document, there is many times the reference to “smart grid applications”. Especially
associated to frequency jump tests. Hitachi ABB Power Grids correctly reacted on that and asked
for a more rigorous explanation, with this comment:

Please note that the “frequency jump test” is not a “smart grid test”. It is just a strange test when a
single inverter change frequency what can happen in a quite small system, but it cannot be said
that it is representative for a smart grid system. A smart grid system may have situations that are
more complex, for example, when several inverters in the system do their own frequency jump as
they are “pleased”. What should do a frequency relay in these situations?

The above comment is fully correct. Frankly speaking we do not know today what really means
“smart grid applications”, in the given context. We do not know yet what it is required to the relay
to do when and if those “frequency jumps” will occur. We only know that they can occur and that it
is important to describe the relay behaviour for those situations as well.

In the IEC standard 60255-181:2019 there is no reference to smart grid applications (even if in
the beginning there was). The tests with frequency jumps are referred as (Figure 50):

Such tests represent a power system condition that changes its frequency with a certain speed, a
typical condition in a power system having electromechanical inertia.

The upper limit of this condition is the “frequency jump”, which may occur in an environment, where
the power generation is predominantly carried by static inverters. In this condition the power system
frequency can suddenly change from one initial nominal value to the final value, above or below
the protection setting respectively for overfrequency and underfrequency functions,

Figure 50. Extract from IEC 60255-181:2019, the description of the “Frequency jump tests”. Smart
Grid application is not mentioned, but the reference to it is clear.
From IEC 60255-181:2019 ed.1.0 “Copyright © 201x IEC Geneva, Switzerland. www.jec.ch”

We have preferred to keep the simplification “smart grid applications” in the document and have a
clarification note here. One important message of the standard is that not only the classical
protection relays need to follow the standard (as the two relays we have tested here), but also
embedded frequency functions in inverters or other equipment that are often part of a distributed
generation system (smart grids) must follow this standard, of course with the necessary
interpretations. | also know that “smart grid applications” was the main topic that has driven the
publication of this standard, so with the risk to simplify too much, | think the link to smart grid
should remain.
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