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INTRODUCTION

This report 1is intended to provide guidance on the tests required to
establish the characteristics and performance of power system protection
relays and protective systems,leaving the issuing of a standard to IEC.
These functional tests are performed as a part of a type test program.
The diversity of types of protection relays and protective systems
prevents the definition of a universal type test program. However, a
general type test program can be defined for a given type of protection
equipment.

The basic philosophy of this report is to propose functional type test

programs by using generally accepted methods of testing and test
conditions as much as possible. However, 1t is emphasised that this

report cannot be viewed as a standard and therefore the tests should be
performed in accordance with an agreement between users and
manufacturers. It 1is hoped that IEC can eventually achieve an
Tnternational agreement on the methods, conditions and requirements of a
type test program. Standard methods of testing and test conditions would
ensure the reproducibility of the measurements. This allows a comparison
between similar relays on a common basis and reduces the cost and
duration of the tests.

Chapter 1 gives general recommendations for testing all types of

protection relays and protective systems for E.H.V. interconnected power
systems. When IEC Publications are available, reference is made to these

documents. In other cases, practical suggestions are made.

Chapters 2 to 5 give general recommendations for testing distance relays

and current differential relays for feeders, busbars and power
transformers respectively. These general recommendations are illustrated

from practical examples of application, Rough estimations of the
numbers of tests have been made to enable an evaluation of the time
required for tests. .




Appendix A gives information on modern “synthetic" testing facilities, in
order to generate conventional steady-state or dynamic test signals from
separate sources.

Appendix B gives information on modern power system models, in order to
simulate conventional power system configurations, fault conditions and
fault clearance sequences.

Note : this edition of the report is a final version and supersedes all
previous editions. :



CHAPTER 1

TEST METHODS AND PROCEDURES

1.1 GENERAL

1. Tests for power system protection relays and protective systems can be
divided into type tests and individual tests.
Type tests are normally performed once on a given type of relay.
Individual tests are performed on individual relays for acceptance,
commissioning and routine maintenance.
Acceptance tests are intended to verify the conformity of the individual
relays with the type.
Commissioning and maintenance tests are intended to verify the correct
operation of the relays during their service life.
This guide is not concerned with individual tests.

2. Type tests can be divided into functional tests and technological tests.
Functional tests are intended to establish the declared characteristics
and performance of the protection.

Technological tests are intended to check the quality of the relay
technology (e.g. : insulation tests, climatic tests, mechanical shocks

and vibration tests etc...) This guide 1is not <concerned with
technological tests. :

3. functional tests can be divided into steady-state tests and dynamic

tests.

Steady-state tests are intended to measure the accuracy, sensitivity and
operating characteristics of the measuring functions of the relay when
applying a.c. energizing quantities (without transients). Steady state
tests are uncomplicated and appropriate to measure the overall operating
characteristics of the measuring functions of the protection.

Dynamic tests are intended to measure the operating times of the relay
when simulating faults within the protected zones and the non-operation
{security) of the relay when simulating faults outside the protected
zones. Some accuracy and sensitivity measurements are also performed in
dynamic conditions to enable a comparison with the steady-state test
results. On dynamic tests, the transient phenomena due to fault and
fault clearance sequences shall be correctly simulated.



This guide is concerned with both steady-state and dynamic tests. The
latter are subdivided into single-source dynamic tests (figure 1-a) and
double-source dynamic tests (figure 1-b}. Dynamic tests with load
current and simulation of fault clearance sequences can be performed in a
more realistic way by double source tests rather than by single-source

tests.

Functional tests are performed in reference conditions and within the

ranges of the influencing quantities or factors.

Table 1.1-a indicates the nominal ranges of general influencing
quantities or factors in accordance with IEC Publications. Reference
values are given in IEC Publication 255-6 {1978} - Table I.

Table 1.1-b indicates typical reference conditions and ranges for other
influencing quantities or factors. Their inclusion is considered in
accordance with the type of relay to be tested and the type of
characteristics or performance to be established.

Functional test programs in this report are divided into two parts

{a and b) :

Part a : to establish the basic characteristics and performance of the

protection for basic types of faults and within the setting . ranges.
Dynamic tests are repeated for different values of the initial point-on-

wave from 0 ... 180° in steps of less than 30°.
Other influencing quantities or factors are set at their reference

values.

Part b : some of the tests in part a are repeated to investigate the

effects of varying the values of the influencing quantities or factors

within their ranges. Influencing quantities or factors are normally

varied one at a time. Part b tests can be subdivided as follows :
(bl) : tests to establish the relay's operations at the various

extremities of its range of application (parametric tests}.

(b2} : tests to establish the relay's operations for a particular case of
application (specific tests).

Part a tests and part (bl) are basic tests.

Part (b2) tests should only be performed when required.

The block-diagram on page 15 summarizes the general classification of

tests and indicates the limited object of this report.



1.2

1.2.1

1.2.2

STEADY-STATE TESTS

Gbject

These tests are intended to measure the operating characteristics of the

measuring functions of the relay.
For single-input measuring functions (e.g. over-current function), the

operating and resetting values are measured. For double-input measuring
functions (e.g. : impedance functions), the operating characteristics

depend on the magnitude (X, Y) and relative phase-angle { ) of both input
energizing quantities, i.e. by vectors X and Y.

The operating characteristics are generally measured with constant values

of one quantity : {X and Y variable}, X ( and Y variable) or Y { and
X variable}. For multi-input measuring functions, the operating
characteristics are generally measured with constant values of several
quantities.

. These tests are also intended to check the correct operation of internal

logic (starting, phase selection, tripping, etc...), indications, output
contacts etc... The returning values of starting functions, accuracy of

timing functions and power consumption of a.c. current, a.c. voltage, and
d.c. auxiliary voltage circuits are also measured.

The test procedures are uncomplicated and appropriate to the

investigation of the effect on the protection of varying the basic
influencing quantities or factors such as : ambient temperature,

auxiliary voltage, H.F. disturbances, frequency, harmonics, etc...

Test procedures

. The steady state tests are performed by applying a.c. energizing

quantities on the measuring inputs of the protection and varying some of
these quantities slowly or in small steps without generating transients.



2.

The number of measured points on each operatiné characteristic may vary
in accordance with the type of characteristic to be measured :" e.g. 1
point (over-current function), 12 points (impedance characteristic from O

to 360° in steps of 30°) etc...

At least one point is measured several times (e.g. 10 times) to check the
reproducibility of the measurements, according to I[EC Publication 255-6
(1978 - Appendix 8).

. Information on the test equipment for steady-state tests is given in

" Appendix A (synthetic tests, including conventional steady-state tests).

1.2.3

1.3

1.3.1

Test programs

Examples of test programs are given in the following chapters for
particular types of relays.

SINGLE-SOURCE DYNAMIC TESTS

Object

These tests are intended to measure the operating times and dynamic

accuracy or sensitivity of the relay whiist simulating basic types of
faults on a single-source, three-phase power system scheme as illustrated

in figure 1-a.

These tests are also intended to verify the correct operation of internal
logic (starting, phase selection, tripping etc...), indications, output
contacts, etc. The resetting time after fault clearance is also measured.

. The tests procedures are uncomplicated and are designed to establish the

basic performance data of the protection and to investigate the effect of
varying the influencing quantities or factors such as initial point on

wave, fault type, d.c. time constant etc.

10



1.3.2

1.

1.3.3

1.4

1.4.1

Test procedures

The single-source dynamic tests are performed by simulating basic types

of faults (R -N; S-N; T-N; R-S;S-T;T-R;R-S5-N;
S-T-N;T-R-N;R-S-T;R-85-T-=-N) at different locations

inside and outside the protected zones and measuring the operating times
of the protection. The tests are repeated for different values of the
initial point-on-wave (e.g. : from 0 to 180° in steps of less than 30°).

According to the type of protection to be tested, the dynamic

characteristics can be measured with constant values of source impedance
(variable 1line impedance and fault current) or fault current (variable

1ine and source impedance), etc...

. At least one point is measured several times (e.g. : 10 times) to
investigate the reproducibility of the measurements, according to IEC

Publication 255-6 (1978 - Appendix B).

Information on test equipment for dynamic tests is given in Appendix B.

Some dynamic tests can also be performed by using synthetic methods of

testing as indicated in Appendix A.

Test programs

Exampies of test programs are given in the following chapters for
particular types of relays.

DOUBLE-SOURCE DYNAMIC TESTS

Object

. These tests are performed by simulating basic fault and fault clearance
sequences on a double-source power system scheme as illustrated in figure

1-b, and are designed to establish :

11



1.4.3

- the operating times and correct operation of the protection when
simulating faults and fault clearance sequences on the protected line
(e.g. on line Ly).

- the non-operation of the protection when simulating faults and fault
‘clearance sequences on a adjacent line (e.g. on line Lp).

These tests are performed on many types of relays and protective

systems : especially distance relays, distance relays with autorecloser,

1ine unit protection schemes, etc...

Double-source dynamic tests are also performed to check the correct

behaviour of distance relays with auxiliary blocking functions such as :
power swing blocking, fuse failure unit, etc...

Test procedures

These tests are performed without load current and with load current
flowing in both directions (from A to B and B to A).

The simulated fault clearance sequence operates according to the tripping

and reclosing commands from the tested relays in an interactive way {the
tripping and reclosing commands from the tested relays actuate the

appropriate circuit-breakers in real time during the simulated fault
sequence) or 1in a pseudo-interactive way ({the tripping and reclosing
commands from the tested relays are only recorded).

Test programs

Examples of test programs are given in the following chapters for given
types of relays.

12
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Influencing quantities
or factors

Typical ranges
preposed by WG 04

IEC Publications

Ambient temperature

-5 * to + 40 *C (+ 55 *C)

IEC 255-6 (1978) Table II

) voltage 80X ... 101U 1EC 255-6 (1978) Table V
+C.

auxiliar - .

rource Y short interruptions| 2 .... 200 ms IEC 255-11(1979) - § 5

ripple

max 12 1
peak-to-peak

IEC 255-11(1979) Table III

H.F. disturbances on a.c. cur-
rent, &.c. voltage and d.c.
auxiliary voltage circuits (x)

| MHz - 200 Q
Common mode : 2.5 kV
Transverse mode @ 1 kV

IEC 255-6 (1973) -
Appendix C ~ Class III

Relay setting

Secting range

IEC 255-6 (1978)

(2) electromagnetic fields as well as Fasc transiencs and electrostatic
discharges are under coensideration by IEC

Table l.l-a : nominal ranges for genmeral influencing quantities or facrers

Influencing quantities
or factors

Typical reference conditions
proposed by WG 04

Typical ranges |
proposed by WG G4

frequency £y (+ 0.5 ) 9% 7 .... 102 2 £y i
Source :
e.m.f's vaveform sinusoidal (tocal harmonic 0 ... 5 % harmonics of dif- i
discortion & 2 I} ferent orders and phase po- ;
: sitions :
impedance rgference value Min ... Max :
Source . :
impedance time comstant 50 ms + 5 ms 10 ... 500 ms ;
i
capacitance Zero T cells representation !
fi 1 -
Line (or (fig <)
cable) .
freﬁuency of line no oscillacions Max 1 ... 3 kBbz
oscillations .
Z 0 ... 0.8 (x
Currenc remanence factor (BR/BS) ero (x)
transformers knee—point voltage no transient sacurationm $ ... 1200 times internal
e.m.f. at rated current
secondary time constant # 10 sec unsaturated : 50 ms ... 100 sec
fully saturated : 0.2 ... 3 ms
2 ¢ ... 0.8
Voltage remanence facter (BR/BS) ero
transformers knee-point voltage no transient saturaticn Uy .- 2 Uy
capacitor voltage not represenced typical CVT model (fig 1 -d)
cransformer
impedance Zero trapezoidal representation of
Faults arc voltage (fig | -e)
fault types single-phase-to-ground evolving faults
two-phase
two-phase—to-ground {(e.g. R-N>R -5~ H)
three-phase
no fault complex faults
inicial voltage Uy 0 ... 0
Initial
conditions initial load curreat Zero ¢ ... 1
initial point-on-wave 0 0...180"in steps of less than 30‘_
at closing simultaneous pole operation 0...10 ms between pole opera-
. . tion
Circuic-
breaker at tripping current interruption at na- -
operacion tural zero crossings
Pilot wires resistance and capacitance Zero 0 ... Max
Transwissicn atteguation and time Zero 0 ... Max
links delay

(x con:ecufive dynfmic tests are performed with maximum current offset of the same polarity
to obtain & maximm build up of remanence.
typical reference values and ranges for influencing quantities or factors.

Table 1.1-b

14
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2.1

CHAPTER 2

FUNCTIONAL TESTS FOR DISTANCE RELAYS

GENERAL

See chapter 1, 3 1.1

The operating principle of a distance retay protection is based on the

measurement of the impedance between-the fault position and the relay
position. When the impedance vector is in a predetermined zone in the
R-X-plane, the relay gives a tripping command to the circuit breaker.

The distance relay may be activated by starting units, which determine if
there is a fault in the protected network. The starting units initiate
the start of the time unit, which changes the sensitivity of the
measuring unit(s) and may also take care of the appropriated phase
selection for the measuring unit{s) and the tripping 1logic.
Alternatively in a full scheme distance relay, each measuring element
continually monitors the line impedance and a starting unit is not
required. The tripping logic combines the decisions of the different
units and may give the tripping command.

. This chapter contains information about test methods for distance relays.

Tables with examples of tests are presented, and these may serve as a
general guide for a type test program. This chapter does not cover
special applications (e.g. lines with series capacitors, shunt reactors,
Petersen coil grounding, etc.). The tables also provide an estimation of
the number of tests and this allows an assessment of the total effort
required. It should be noted that one test may consist of a series of

initiations.

Reference values and ranges of influencing quantities and factors, valid

for the different tests, are shown in table 2.1. Due to the lack of
standardized models (e.g. for CT's and CVT's) no numbers of tests are

given for some of the influencing factors.

Depending on the field of application or of special features of a relay,

additional tests may be required, e.g. to establish the correct behaviour
of the relay with arc voltages, saturated CT's, etc.

16



4.

2.2

2.2.1

2.2.2

As the basic distance relay is often equipped with units for auxiliary

functions, examples of tests for the combination of distance relay and
auxiliary equipment are given. These examples show the kind of tests

that are required to verify correct operation.

STEADY-STATE TESTS

Object

See chapter 1, 8§ 1.2.1.

These tests are intended to measure :

- the operating characteristics and accuracy of the starting units (if

required).
- the operating characteristics and accuracy of the measuring unit{s)

- the accuracy of the timing unit

These tests are also intended to check the correct operation of internal

logic (e.g. phase selection, tripping, etc.) optical indicators, output
signals, etc. The power consumption of the a.c. current, a.c. voltage

and d.c. auxiliary circuits is also measured.

Test procedures

See chapter 1, § 1.2.2.

The operating characteristics of the starting and measuring functions of

the distance relay are measured with a constant value of current
(constant current characteristics) or with a constant value of source
impedance {constant source impedance characteristics; e.g. for cross-
polarized measuring functions). In the latter case, basic types of
faults are simulated under steady-state conditions using the three-phase
scheme of figure l-a. The line impedance is varied slowly or in small
steps to determine the operating levels of the starting and measuring

functions.

17



2.2.3

2.3

2.3.1

The above test procedure can also be used to determine the operating

characteristic of the directional function. The minimum fault voltage
for correct directional discrimination (sensitivity) has to be measured.

. For the tests under reference conditions, which form the base with which

to compare the parametric tests, the number of measuring points must
allow an accurate representation of the characteristics (e.g. at Teast

three points for each straight line, 12 points from 0° to 360° for an
impedance characteristic).

- To investigate the influence of the different influencing quantities or

factors, the number of measured points can be reduced to a selection of
representative points. Examples of selected measuring points are given

in figure 2-a.

Test programs

Examples of test programs are presented in tables 2.2 parts a and b.

SINGLE-SOURCE DYNAMIC TESTS

Object

See chapter 1, § 1.3.1

. These tests are intended to investigate :

- the behaviour of the distance relay {accuracy, tripping times, etc.)
with a Timited number of general influencing quantities or factors.

18



2.

2.3.2

With appropriate models the following tests can also be defined :

- the effect on the dynamic characteristics of typical or particular

models of instrument transformers,
- the effect on the dynamic characteristics of more accurate models of

lines, faults, etc.

Test procedures

See chapter 1, § 1.3.2

The dynamic accuracy of the starting and measuring functions can be

measured in the first and in the third quadrant. Two accuracy error

1imits may be determined in the following way :

- upper limit : 0 operations out of N tests, when varying the initial
point-on-wave, from 0 to 180°

- lower 1imit : N operation out of N tests.

In the tables with examples of tests, each of these limits is counted as
one test result.

The directional sensitivity is measured in a similar way, the limits

are :
- fault in the forward direction, minimum residual voltage for correct

operation.

- fault in the reverse direction, minimum residual voltage for no
maloperation.

The effect of a voltage memory must be taken into account : the

directional sensitivity is to be measured with and without rated voltage
before initiation of the fault.

The operating times of the relay must also be investigated by varying the

point-on-wave from 0° to 180°.

In the tables with examples of tests, this variation of the point-on-wave
is indicated as one test resuit.

Examples of presentation of dynamic characteristics are given in

figure 2-c

19



2.3.3

2.4

2.4.1

2.4.2

Test programs

Examples of test programs are presented in table 2.3., parts a and b.

For the dynamic tests it is in general not necessary to investigate the

effect of all the influencing quantities or factors, listed in table 2.1.
However, the effect of harmonics and travelling waves should be

considered as specific tests, defining the models according to the actual
power systems. Dynamic tests with H.F. disturbances are often limited to

a few points. Examples of tests for the commonly used influencing
parameters are given in table 2.3 part b.

Similar tests could be made to investigate the effects of CT-models,

CY¥T-models, source and busbar and 1line models on the dynamic
characteristics and performance of the relay. In order to obtain
comparable test results it would be necessary to define standard models.
In.any case, the type of model or the simulated line component should be

specified in the test report.

DOUBLE-SOURCE DYNAMIC TESTS

Object

See chapter 1, § 2.4.1

These tests are intended to investigate :

- the effect of Toad current on the behaviour of the relay,
- the stability of the relay during external faults and fault clearance

sequences.

Test procedures

See chapter 1, § 1.4.2

The accuracy and operating times are measured as described in 2.3.2.

20



2.4.3 Test programs

2.5

1.

The test scheme is one of the double-source configurations as shown in
figure 2-b. The same models of sources, lines, faults and instrument
transformers can be used as for the single-source tests. The mutual

impedance between parallel lines may have to be taken into account.

The impedance values of the lines and sources are chosen in such a way,
that a phaseshift of 30° or 60° between the two sources causes a load

* current of 1 In in each line.

Measurements are made without load current and with load current in both

directions.

The tests are made with a limited number of influencing factors, which

may have a particular influence due to the presence of the second source
(and a load current). )
Examples of tests are given in table 2.4., parts a and b.

TESTS WITH AUXILIARY FUNCTIONS

Tables 2.5a to 2.5d give examples of dynamic tests for the distance relay

in combination with one or more of the following auxiliary functions :
- autoreclosing equipment

- power swing blocking unit

- fuse failure unit

- communication equipment (directional comparison or blocking scheme).

It is supposed that the performance of the auxiliary equipment is tested

before.

21
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Figure 2-C
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Type tests for distance relays

List of tables

Influencing quantities or factors 2.1

Tests in steady-state conditions 2.2-a 2.2-b

Tests in dynamic conditions

- single-source dynamic tests 2.3-a 2.
2

- double-scurce dynamic tests 2.4-a

Tests with auxiliary eguipment

- auto-recloser 2.5-a

- power swing blocking unit 2.5-b

- fuse failure unit 2.5-¢

- communication eguipment 2.5d
(two distance relays)

Estimated number of tests 2.6

Comments:
n Estimated number of tests.
x Observation during tests.

¥ Number of tests not indicated; no teststandards available.

In the tables 2.4 and 2.5 Z_ indicates the line impedance.

The first zone setting is supposed to be 0.85 Z_. The fault position is indicated

as a part of Z2_ (e.g. 0.8 ZL fault at 80% of line 1). The relay under test is
placed in line 1 at station A.

1) Max. harmonic distortion of currents in inductive circuits:
5% divided by the rank of harmonic. With synthetic tests current and
voltage sources cannot be independent.
2lternatively tests can be made with frequencies slightly different from
harmonic freguencies {(e.g. 2.01, 2.99... times f ) and with frequencies
between multiples of the fundamental frequency {e.g. 2.5, 3.5, .. times fN)

2) Fault current and source impedance are not independent of each other.

3) Measurements are only necessary if the internal D.C. voltages are not
independent of the stated variations of the input auxiliary voltage. In the
number of tests, they are not taken into account.

4) Two different types: short circuited and open circuited.
Duration of interruptions: refer to manufacturers specification.

5) Upper and lower operating limits in longitudinal mode (class III - 2.5 kV)
for each independent circuit (current, voltage, D.C. voltage, input circuit,

auxiliary ahd tripping circuits) and between independent circuits. Upper and

lower operating limits in transverse mode (class III - 1 kV) between

terminals of the same circuit. IEC 255-6 Appendix C.
Identical circuits {(e.g. current inputs) are not systematically tested,

but connected at random.

6) Reference settings (tables 2.2 and 2.3) may be indicated by the manufacturer.

Otherwise an appropriate value is chosen, e.g. geometric middle of the
setting range. An example for the settings is given below.
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l1ofluencing qusnticies

Typical reference

Typical rvanges

or factors conditions (vajues proposed by WG 14-04)
Ambient temperature 20° C (2 2°C) - 5% Cuee s 40° C (» 35°C )
Relative humidity 45%1t075% -

d.c. voitage Un (22 %) 30 % UN ... 110 % Up
auxiliary rippile zero (3 % peak vajue) 0 ... 12% peak-to-peak
voitage short interruprions uninterrupted 2 ms ... 200 ms '.}

H.F. disturbances

5

no disturbances

FRV/25 kY - | MHz - 260 0
seriefcommon mode
current/D.C.circuit

susceptlibility

Electromagnetic field

na disturbances

under consideration (JEC)

capacitance

Relay setting 6} relerence setting (*) setting range (%)
frequency !" (+ 0.5 %) 9% T ..., 1021t

Source X

e.=.1's wvaveforz sinusoidal (wotal harmonie 5% Ard and S5th harm.

distortions2 % 1} | 3 phase positons

Source 2} impedance reference vilue Kin ... Max

icpedarnce

or curreat time congtant 50 ms {z 5 ms} 10 ... 150 ms

Zero ¥-cells representaction

tracsforwers

Line (fig I-¢)
::::‘;;::L:: line no oscillations Max ] ... ) kM2
Current resanence factor Zer0 0 ... 0.8

knte-paine voltage

no Cransient ssturationm

5 4.a 1, 200 times interumsl
e.m.f. at vated current

secondary time consiant 2 10 sec unsaturated : 50 ms ... 100 sec
fully caturated : 0.2 ... 3 ms
recanente factor Zero 0 ... 0.8
Yoltage
£
traosiormers knee—point voltage no transient saturation U" P & Uy
capaciter voltage not represented - typical CVT madel (fig 1-d)
trans{oTmer
impedance Zere © D...Bax.
faults = trapezoidal representation of
arc voltage (fig 1=¢}
faulr types single-phase-to-ground evolving faults
two-phase
two=phase=to-ground {e.g. R-N=R=-5-N)
chree-phase
no fault conplex faults
inizial voltage U 0 ...V
s N N
initial . 5 T 7Tine
conditions {nirial load currant Zero for l*ﬁzl‘-ﬁ:urc! bl N
c¥nenic teste {éouble source tests)
initf{a)l point~on—wave [} 0 ... 180* io steps of 10...30°
at closing simultaneous pole operacion 0...10 ma between pole opera=-
. ti
Circuit- o
breaker . .
at tripping current interruptios at na-~ -
operatien tural zero crossings

Table 2.1

Reference conditions and range of influencing
guantities and factors

Distance relay

(*) See also page 24 a
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Settings for the
lst zowoe (Z1)

Setting for the

- acceleration zone
— gecond zone

— third zone

- starting elewments

Current range
Source impedance
{tiue constant)
Line iupedance

(tiwe constent)

Zero sequence im—

pedance
- line

— HOuUrce

- time constant

R/X ratio

Notes:

1

Exemple of conditions and settings (1 A relay)

Typicai
Reference conditions

the positive seq. imp.

same as the positive seq. imp.

2 ohm/ph 20 ohm/ph '
i 1.5 Z1 '
H 2 Z1 :
: 2 1 :
o >10 Z1 ’2 Z1 :
v 1...10 IN 0.25..1 IN H
: 50 us :
: 35 w3 H
: 4 tiues '
: the positive seq. imp. '
' 1 tives H

Typical range

minimoa naximum
e.g. 0.2 e.g. 60
ohm/ph ohm/ph

0.25...40 I,

10...150 us

10...60 ms

2...10 tices

the positive seq. iup.
0.5...4 tiwmes

the positive seq. imp.

1...40 ms

Biniwum naximum

For the reference tests with ca. 2 I, the setting Z1 = 2 ohm/ph is

necessary; 0.5 IN for Z1 = 20 ohm/ph.

For tests under reference conditions some additional tests may be

done with other settings of Z .

If the ratio R/X can be adjusted, some tests should be made with
other settings. This applies only for tests with fault resistance.
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OBJECT OF TESTS TEST CONDITIONS n
Operating characteris- reference characteristic {most appropriate 12
tics of starting units fault at reference setting and I = 2 Iy):
{impedance starting 12 points from 0 to 360¢ in steps of 30°
units) other characteristics: 3 settings .

{(max, min, ref) and 6 types of faults: 36

2 points (phase position)
Returning values of per type of unit, 3 setting values 3
starting units
Operating characteris- vone I: similar tests as for starting units 48
tics of measuring units other zones (with similar measuring principle) 8
Accuracy of tiﬁing units 3 timing units at 3 setting values 9
Relay logic {starting, verification during other tests -
phase selection, etc.)
Indications and output verification during other tests -
contacts
Power consumption at rated a-c currents and voltages: no fault, 5
a-c current/a-c¢ vol- R-N fault, R-S fault, R-5-T fault, R-5-N fault
tage/d-c auxiliary
circuits at 2 Iy: R-N fault, R-S fault, R-5-T fault, 4

R-5-N fault
125

Table 2.2 a

Tests in steady-state conditions

Distance relay
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OBJECT QF TESTS TEST CONDITIONS n
Dynamic accuracy of 6 points in first/third quadrants 72
starting units 3 settings (ref, max, min)
2 limits (e.g. 95%-105% of setting)
Dynamic acguracy of 6 points in first gquadrant 36
measuring units 3 settings, 2 limits
Directional Determination of minimum residual voltage 12
sensitivity at which the relay gives or does not give
a tripping command. 3 settings, 2 fault
positions, 2 limits
Operating times of 3 settings, 3 fault positions for each 9
starting units type of unit {e.g. 0%, 50% and 80% of
claimed starting unit reach)
Operating times of Zone 1: - 3 settings, 4 fault types, 36
distance relays 3 fault positicns (e.g. &,
: 50, 80% of zone 1 reach)
Zone 2: - 1 setting, 1 fault type. 1
1 fault position (e.g. B0%
of zone 2 reach)
Zone 3: - 1 setting, 1 fault type, 1
1 fault position (e.g. 80%
of zone 3 reach)
Resetting times 3 settings, 3 fault types, starting 18
units and trip commands
Relay logic Verification during other tests -
Indications and Verification during other tests -
output contacts
185

Table 2.3-a Single-source dynamic tests
Distance relay
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Object of tests Scheme Fault Test conditions n
(Fig.2-b) | position
Correct operation 4 fault types, 3 loads
with internal fault: {0, both directions)
- tripping time I 0; 0.68 24 2 fault positions 24
- accuracy I 0.8; 0.9 Zp 4 2 fault positions 24
Correct operation ! I 0 215 4 fault types, 2 lcad 8
with external fault [ directions, 1 fault posi-
{stability) tion
Fault clearance IX 0 Zp0: 1 259 4 fault types, 2 load
sequence on parallel directions, 2 fault posi-
line tions on the parallel line.. 32
Different breaker times on
the parallel line
{breaker A/B: 100-40 ms
resp. 40-100 ms)
Fault with change 11 0.4 Zy q; breaker in B-L4 opens 4
of 5.I.R. 1 219 40...100 ms after fault
inception
1 fault type, 2 load direc-
tions, 2 fault positions
g2
Table 2.4-a Double-source dynamic tests
Object of tests Scheme Fault Test conditions n
(Fig.2-b) | position
Influence of the
fault resistance:
- limit of fault I D.1; 0.68; 4 fault types, 3 loads,
resistance 0.85 214 3 fault positions,
‘ 2 limits of operation 72
- directional I 0 Zp 47 0 21 4 fault types, 3 loads,
sensitivity 2 fault positions,
2 limits of operation
(residual impedance to be
measured) 48
Correct behavicur I t 0.4 2y 17 single phase fault evolving
with evolving fault 0 2Zp4 to two phase to earth fault,
} 2 time values, 2 fault posi-
tions, 2 load directions e
Different times of I 0.4 Zgq: switching on (three phases)
breaker poles without with 2 different pole 8
faults times (0...10 ms)
2 fault positions,
2 load directions
136
| =2

Table 2.4-b Double-source dynamic tests
Distance relay
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Object of the
tests

Scheme
(Fig.2-b}

Fault
position

Fault condition

Correct operation

Directional
sensitivity

Stability test

Faults during single
phase auto-reclosing
dead time

Faults during auto-
reclosing dead time

I

IT

Iz

0...0,1 Zp o;

0,4 Zp4

4 fault types, 2 locad
directions, with and without
resistance, 1 fault position

Auto-reclosing on Ly

4 fault types, 2 leocad
directions, with and without
resistance, fault positions

Residual voltage or fault
impedance to be measured

Auto-recleosing on Lg

4 fault types, 2 load direc-
tions, 2 fault positions,
with and without resistance

Auto-reclosing on Ly

Faults on other phases on Ly
4 fault types, 2 load direc-
tions, 2 fault positions,
with and without resistance

Auto-reclosing on Loy

(fault on Lp, fault clearance,
Lo auto-reclosure dead time,
fault on L4, L4 anto-reclosure
dead time, I, reclosure,

Ly reclosure)

4 fault typeé, 2 load direc-
tions, 1 fault position,
without resistance

16

16

32

32

Table 2.5-a

Tests with auto-recloser

104
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Object of Tests Scheme Fault Fault condition n
(Fig.Z-b)1 position
SR l ’
Pole slipping test ! I i Electrical centre in the
: middle of the first zone.
: The range of the power swing
f frequencies is to be deter-
! mined where the power-swing-
I blocking-relay works correctly
: and where the operation of
! the relay is limited
[ 3 frequencies 3
Pole slipping due I I on L, RN (including auto~reclo-
to a fault ! sing sequence, permanent
f fault or not}), RS, ST, TR.
I RSN, STN, TRN, RST 9
, II on L2 RN, RS, ST, TR, RSN, STN, TRN 7
19
Table 2.5-b Tests with power swing blocking unit
Distance relay
Object of the tests n
- Short circuit or interruption on one or on three phases
{included behaviour of the auxiliary equipment at short
circuit in the wiring)
n: short ciruit / interruption 2
cne phase / three phase 2
with and without load current 3
{both directions) 12
- Behaviour of the equipment with short-circuit in the
network: :
4 type of faults, 3 fault positions (0; 0.4; 0.85 Zy,1 Scheme I) 12
- Behaviour at auto-recleosing
- one phase auto~reclosing, with lcad current
(both directions)
permanent or not permanent fault 4
"= short-circuit during the dead time (short
circuit in the network or in the wiring)
4 fault types/short circuit or interruption
in the wiring ' 8
36
——

Table 2.5-c¢ Tests with fuse failure unit
Distance relay
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Object of the

‘tests

e e e
Punctional control

Stability tests
{(Fault with change
of energy direction)

Functional control
with auto-reclosing

Faults during auto-
reclosing dead time

Faults during auto-
reclosing dead time

Scheme Fault Fault condition n
{Fig.2.2} position
by 0,4 Zr 4 4 fault types, 2 fault posi-
1 Zgq ~ tione, 2 load directions,
communication link (2 times
and out of service), without
fault resistance 48
Ix 1 Z1,2 Breaker in B-~L, opens
40...100 mg after fault
inception
2 different times, 3 load
conditions (no load; A—=B,
B—=A) 6
I 0...0,1 Zy 4 Auto-reclosing on 1y
on Ly Auto-reclosing on L,
. 4 fault types, 2 fault posi-
tions, 2 load directions,
with and without fault
resistance 32
I 0,1-0,4 21,14 Auto-reclosing on Ly
fault on other phases on L4
4 fault types, 2 fault posi-
tions, 2 load directions,
without resistance 16
II 0,4 Zg 4 Auto-reclosing on L3
4 fault types, 2 load direc-
B

ticons

Table 2.5d4 Tests for two distance relays with communication
equipment { comparison or blocking schemes )
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Steady-state_test

— v ik et S — . —————

Table 2.2-a2

Table 2.2-b .
- Temperature 88
— D.C. auxiliary voltage 34
- Fault current 45
- Frequency : 50
- Harmonics 78
- H.F. disturbance tests 216

s . e v — A v —— o —— . ——— . —

Table 2.3-a

Table 2.3-b

- Teanperature 42
- D.C. auxiliary voltage 20
- A.C. svurce 364

o B et M . —— T — T - —— e — —

et A ———— T — T o S o i ——

Tapble 2.5-a
{auto-recloser)

Table 2.5-b
(power swing blocking unit)

Table 2.5.c
{fuse failure unit)

rable 2.5-d
(communication equipment)

125

511

185

426

92
136

104

19

36

110

In

636

611

228

269

Table 2.6 Estimated number of tests

Distance relay

_1744
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3.1

CHAPTER 3

FUNCTIONAL TESTS FOR CURRENT DIFFERENTIAL

FEEDER PROTECTION

GENERAL

See chapter 1, § 1.1

The operating principle of a current differential feeder protection is

based on the calcuiation of the differential current, i.e. the sum of the
instantaneous current values as measured at each end of the protected

feeder. .To stabilise the protection and avoid unwanted tripping during
external faults, when the CT's may be saturated, a low impedance biased

differential operating principle is generally used. The stability is
maintained for external faults by biasing the operating differential

current with the through fault or load current. Figure 3.1.b shows the
protection operating characteristic and the effect of the through current
in restraining operation. The biased differential calculation can be
performed on a single phase basis or alternatively use a combination

value obtained by mixing the single phase quantities. If auxiliary CT's
are incorporated into the protection for balancing the main CT ratio,

these CT's must be included within the protection scheme.

This chapter describes the procedure and suggested programme for type

testing current differential protection schemes for two terminal overhead
lines or underground cables. It does not cover special applications e.g.
shunt or series compensated lines. The steady state tests described in
section 3.2 are designed to measure the accuracy, sensitivity and
stability of the protection when energised with steady-state a.c.
currents. The dynamic tests in section 3.3 and 3.4 are designed to
measure the operating performance and stability when simulating internal
and external faults on single and double source power system models. The
dynamic tests in section 3.5 dnvestigate the performance of the
protection when used in conjunction with auxiliary equipment. Tables
with examples of tests are presented and these may serve as a general
guide for a type test programme. '
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3.

4.

3.2

3.2.1

Reference values and ranges of influencing quantities or factors, valid

for the different tests, are given in table 3.1

The performance of the starting and measuring units in the protection

relay must be checked individually. When however, the equipment contains
one starting and/or measuring unit per phase, the complete tests need
only to be performed on one of these units. The performance of the other
units are verified during selected "typical" tests. If the three phase
currents are combined in one measuring unit all types of faults (one
phase-to-earth; two-phase with and without earth, three-phase) have to be
simulated. The estimation of the number of tests suggested for the type
test programme are based on a protection relay with a polyphase measuring

unit.

STEADY STATE TESTS

Object

See chapter 1 § 1.2.1

These tesis are intended to measure :

the operating characteristics and acﬁuracy of the starting functions

- the operating characteristics of the measuring units for internal
faults with and without load current (sensitivity}

- the operating characteristics of the measuring units with through fault
current - external faults {stability characteristics)

- the polar operating characteristics of the measuring units for internal
faults with phase shifted load current (sensitivity)

- the returning values of the starting functions

When the protection relay is equipped with optical indicators and/or an

(automatic) test system, the correct behaviour of these facilities must
be observed. The power consumption on a.c. current and d.c. auxiliary

circuits are also measured.
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3.2.2

Test prbcedures

See chapter 1, 8 1.2.2

The operating and returning values of the starting units can be measured

at 3 setting values {ref, min, max) by simulating the fault current and
applying this to one end of the protection scheme whilst maintaining the

other end open or unenergised. The test simulation is shown in figure
3-a, the load current I» = 0. The test is performed by applying the a.c.
current {fault current) and varying the current slowly or in small steps
without generating transients.

The sensitivity of the measuring unit with zero load current can be

measured at 3 setting values (ref, min, max)} and for 4 types of faults
(single phase, phase-phase, phase-phase-ground, 3 phase). The test is
performed as previously using the test simulation in figure 3-a and with
the load current 1o, = 0.

To select the faulted phase or phases to be involved in the test
programme this test is initially performed at the reference setting for
all 10 fault types. Based on the respective operating current values the
winding configuration of the summation transformer can be determined.
Polyphase Measuring Unit : subsequent tests are designed to involve the
least sensitive winding for internal faults and the most sensitive

winding for external faults.

The sensitivity of a measuring unit with load current can be measured by
applying the fault and load current to one end of the protection and the
toad current to the other end. The test is performed as previously using
the test simulation in figure 3-a with the load current I, in phase with
the fault current. Figure 3-b shows a typical operating characteristic
of a measuring unit in a low impedance, biased differential protection.

The stability characteristics of the measuring units can be measured by

simulating the through "fault" current and applying this to both ends of
the protection scheme. The test is performed as previously using the

test simulation in fiqure 3-a.

39



5.

3.2.3

3.3

3.3.1

The polar operating characteristics (sensitivity) can be measured by

applying the fault current and the phase shifted load current to one end
of the protection and the phase shifted load current to the other end.
The test is performed as previously using the test simulation in figure
3-¢ with the fault current Id phase shifted with respect to the load
current I,. Figure 3-d shows a typical polar operating characteristics.
The vector drawn from the point 1.0 on the horizontal axis to the
boundary of the characteristic represents the ratio of fault to load
ampere-turns on the summation transformer at an angle ©°.

Test progranme

An example of a steady state test programme is presented in table 3.1,
parts a and b.

SINGLE. SOURCE DYNAMIC TESTS

Object

See chapter 1 § 1.3.1

These tests are designed to investigatve :

- the dynamic accuracy of the starting units,

- the sensitivity and operating time of the measuring units for an
internal fault,

~ the stability of the measuring units for an external fault

against a limited number of general influencing quantities or factors.

With appropriate models the following tests can also be defined :

- the effect on the dynamical response of actual or simulated (typical or
particular models) current Transformers (Appendix B.3.4)},

- the effect on the dynamic response of improved models of lines, faults
etc.
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3.

3.3.2

3.3.3

The correct operation of internal logic (starting, phase seiectioﬁ,

tripping etc.), indications output contacts, etc. are verified. The
resetting time after fault ciearance is measured.

Test procedures

See chapter 1, § 1.3.2

. The dynamic accuracy of the current starting units can be measured at 3

setting values (ref, min, max}. Two accuracy limits may be determined in
the following way : - correct operation on an internal fault - no

operation .on an external fault

when varying the initial point-on-wave from O to 180 degrees in steps of.
10 degree. In table 3.3 (Single source dynamic tests) each of these
1imits is counted as one test result.

. The sensitivity and operating times of the measuring units for an

internal fault are measured in a similar way. The operating times are
measured at 5 fault current values with no load current, inphase load

current and phase shifted load current.

The stability of the measuring unit for an external fault is measured as

previous with 4 through fault current values.

. To test a line differential protection it is essential to consider the

effect on the protection of saturation in the main and auxiliary CT's.
This requires the correct reproduction of the saturated current as

measured at the secondary of the auxiliary CT. To comply with this
condition all dynamic tests must be performed with real auxiliary CT's or

alternatively, when the protection is fed by ‘amplifiers, realistic CT
models ‘may be used. These CT models -must adequately represent the

behaviour during saturation including the effect of remanence.

Test programme

An example of a single source dynamic test programme is presented in

table 3.3. In general the dynamic test programme does not require a
complete investigation into the effect of variations in all the

influencing quantities or factors.
Dynamic tests with H.F. disturbances are often 1imited to a few points.

The effects of the harmonics and travelling waves should be examined as
specific tests according to the actual power system.
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3.4

3.4.1

3.4.2

3.4.3

DOUBLE-SOURCE DYNAMIC TESTS

Object

See chapter 1, § 1.4.1

Double source dynamic tests are not normally necessary, nevertheless in

some applications these tests may be required. These tests are designed
to investigate the effect of load current, evolving faults and changes in

the source impedance on the sensitivity of the protection. The stability

" of the measuring units are also monitored during external faults on a

paraliel line, external faults with changes in the source impedance and
fault clearance sequences. Double source dynamic tests may be valuable
in determing the effect on the protection of the division of the line or
cable capacitive current between ends of the protected feeder.

Test procedures

See chapter 1, § 1.4.2

The dynamic accuracy of the starting units and the sensitivity and
stability of the measuring units are measured in the same manner as
described in ¢ 3.3.2.

Test prograime

. The tests are performed using one of the double source power system

moaels shown in figure 2-b. Scheme I represents a single circuit tine
and scheme II represents a double circuit line with no mutual coupling
between circuits. The same models of sources, lines, faults and current
transformers can be used as for single source tests. The iwpedance
vatlues of the lines and sources are selected so that a phase shift of 30
degrees or 60 degrees between sources results in a load current of
1 .1, per line. Measurements are performed without load current and
with load current flowing in both directions. Particular examples of

tests are given in table 3.4.
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3.5

2. The tests are performed with a limited number of influencing factors that
have a particular incluence on the performance.

TESTS WITH AUXILIARY FUNCTIONS

Table 3.5 provides an example of a dynamic test programme for a feeder
differential protection with auto-reclosing equipment.
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TYPE LTESLS FUR LLINE CURKENT DIFFERENTIAL PROULECTION

LIST OF TABLES

Influencing quantities or factors 3.1

Tests in steady state conditions 3.2.a. 3.2.b.

Single source dynamic tests 3.3.a. 3.3.b.

Double source dynamic tests 3.4

Tests with auto-recloser 3.5

Estimaced nuwber of tests 3.6

Comments

n Estimated number of tests.

X Observation during tescs.

* Wumber of tests not indicated ; no test standards available.

1) Measurements are only necessary if the internal d.c. voltages are
not independent of the stated variations of the input auxiliary
voltage. In the nuuber of tests, they are not taken iato account.

2) Two different types of interruptions : short circuited and open
circuited. Duration of interruptions refer to manufacturer
spaecification.

3) For each test two limits are determined by varying the point on wave
(09, 10° ..... 1809) :

- upper limit : O operations out of N tests
- lower limit : N operations out of N tests
In the tables each of these limits is counted as one test result.

4) The point on wave is varied 00, 109 ..... 180° (1l test result).

5) Upper/lower operation limits in series/couuon wode for each _
independent circuit (current, D.C. voltage, channel input, channel
output, auxiliary and tripping circuits) and between independent
circuits, Identical circuits (e.g. current inputs) are not
systematically tested but connected at random.

High frequency disturbauce test conforms to IEC 255 - 6 - Appendix C.

6) Maximum time constant as indicated by the manufacturer ; at least
100 us.

7 The tests are repeated for each type of CT. ' The influence of CT
saturation must be investigated.

8) The tests are repeated for each type of line.

9) The tests are performed using three different "pilot wire" line
"characteristics (RC values).

10) For a polyphase measuring unit, the test is performed at reference

setting with all 10 fault types to determine the winding

configuration of the summation transformer. Subsequently a test
involving a single phase fault is applied to the least sensitive 46
winding for internal faults and the wmost sensitive winding for

axrernal fault.



Influencing quantities
or factors

Typical reference

conditions( proposed by

Typical ranges
{proposed by WGI4-04)

Ambient temperature

26% (+ 2°2)

- 5% to + 40°C (+ 55°C)

Relativa humidity 45% to 75% -

D.C. Voltage Uy {+ 2%) BO% U, ...... 110% T,
Auxiliary Ripple zero (3% peak value) 0.....12% peak to peak
Sgurce Short interruptions uninterrupted 2 ms_,,, 200 ma 2}
H.F. disturbances 5) Mo disturbances 1kV/2.5kV -1MHZ - 200 6L

geries/common mode
current/D.C. circuit

Electromagnetic field suscentibility

¥o disturbances

Under consideration {(IEC)

Frequency
Waveform

A.C. currenis

Source time

£, {+ 0.9)
sinusoidal (total harmonic
distortion < 2%%)

102% £

94 L.
n

% harmonics 3/9
3 phase positiocns

cable model

conatant 50 ms (+ 5 ms) 10 ms,,.. 1505

Initial Initial gurrent zero IH

conditions
Initial point on 0 0 .....180°% ig steps of
vave 10....3%°

Line mcdel or Capacitance zero TT cell representation

(flgure 1 - ¢)

Frequency of line no oscillations max 1 .,. _, 3KHZ
oscillations
Curzent ideal performance
Transformer Remanence factor 0 ¢...,..0,8
Model Xnee point voltage no transient saturation 5....12C0 times intermal
enf at rated current
Secondary time 2 10 sec unsaturated: 50 ms... 100 s
egnstant fully saturated: 0.2...% ms
Secondary burdsn o O.._45°
angle
Faulta Fault types $ingle phase-to—ground evolving faults
two phase (e.z3. R=H—= R-3-¥H)
two—phase=to—ground
ihree phase complex faults
no fault
Circuit At closing Sirultaneous pole operation Q.... 10 ce& between pole
Ereaker . operation
QOperation At sripping Current interruption at -

natural zers crossing

0,....max

Pilot wires Resistance and zero

Capacitance
Transmission Attenuation and zero Q.. _..max
Lirks ’ Time delay

Relay setting

Reference setting

Setting range

TABLE 3,1 REFERENCE CONDITIONS AND RAGE OF INFLUENCING QUANTITIES AND FACTORS

LIN DIFFERENTIAL PROTECTION
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QBJECT OF TLUTS TEST CONDITICHS n
Operating and returning 3 seitings : ref, max, min 6
values of (current)
starting units
Sensitivity of measuring 1 setting : ref 10) 10
units (internal fault) 10 fault types :
- 12 = 0 % seitings : ref, max, min 12
4 fonlt tyves
tifrs 3~ a.
- 12 in phase 1 getting : ref 20
rrent =va * I aee
5 current values ]'2 0.2 IH’ 0.4 L 1 IN
4 fanult types
fi{_:. 3 - a.
- 12 phase shiftfed 1 seiting : yel 24
- 1 fault tyne ;s D57
2 current values L=1 Lo 2 _TI
P = o® ... 360. in steps of 30°
fi.'_:o 3 - C,
2 settine : iex, min 8
1 fnult trne : B
1 cwrrent value 12==1 EN,
97= 0°, w°, 180°%, 20
.(I2 = lond current) tige 3 = ¢,
Stability chirracterisiics 1 setting : ref 20
(exsernal fault) 4 fault types ’
5 current velues 5:0.3 IH’ 1 I.,., 2 IH’
) 10 T Lo 20 I
fige 3 = Uy
Indicitions and output verification during other tests -
contacty - : '
Pover consumption
d.c. auxilinry supply and st rgted current: 5
a.C. currents no fault, R-N fault, R=3 fault, R~5-
fault, R-S-T fault
at 2 IN: 4
B=lf fault, B-S fault,R-S5-H fault,
R=3=T fanlt
109

Table 3.2.a.

Tests in steady = state conditions
line differential protection
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T BLE 3.3,a2 Single source dynamic tests line differential protection

OBJECT OF TESTS TEST CONDITIONS n
‘Dynamic accuracy of j settings : ref, max, min 6
(current) starting units 3) 2 limits
Sensitivity of measuring )
units (internal fault) 3)
- 12 = 0 3 settings : ref, max, min 24
4 fauli types
2 limits
- 12 in phase 1 setting ﬁ ref
3 load current values : I, = 1I., 51, Iunx 24
4 fault types 2 N N
2 limits
- I2 phase shifted 1 setting : ref
1l load current value 12 = IN 8
1 fault type (0°, 90°.
(7, = load current) 2 limits \p= 4 phase angles (180°,270°
QOperating times of 1 setting , : ref 5
starting units 4)
5 current values : I1 = 1IN, 2IN’ SIN,
lOIN, IMAX
1
Operating times of the
relay 4)
- 12- = 0 3 settings : ret, max,un
4 fault types i
5 current values : I, = 1Ly, 21y, SIys | 60
10Tye Ly |
- I, in phase 1 setting : ref E
4 fault types }
5 current values : I1 & IIN, ZIN, SIN’!
- IUIN’_FHAX j
3 load current values : I, = 1I., 5Iy, Iy 60
- 12 phase sbif?éd 1 setting : ret ‘
: 1 load current value 12 = IN 8
1 fault iype
.2 limits o o o o
@ = 4 phase angles (0°,90,1807,270")
Resetting times 3 settings : ref, max, nn 18
3 fault- types
starting units and composite relay
Stability (external fault) 1 setting ' : ref
4 fault types
S current values : IIN' 2IN’ 5IN’ IOIN, 20
| Luax (through fault current)
Relay logic, verification during other tests -
indications and cutput
contacts
233
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OBJECT OF TESTS | TEST CONDITIONS | SCHEME | n
=mammsEwmEsssms=ssc=cax |ssssssss=s==sssssssszcosssssssssEmssssecs |sessssssoue [ seoeu|
f t |
Starting units : | 4 fault types, 3 loads (zero, both I (fig 2-b) |
| directions). | I
} 1 setting : ref i :
- transient accuracy | - 2 limits : I | 24
! i
- operating time : - 2 current values : I1 = 1IN, 101N l : 24
| | |
Measuring units : | & fault types, 3 loads (zero, both ] |
| directions). | |
| 1 setting : ref : |
I : [
- gensitivity | - 2 limics : 1 | 24
| t
~ operating time | -~ 2 current values : I1 = 1IN, 101N | | 24
(internal fault) | | !
| I I
I I |
Relay stability | & fauli types, 2 load directions [ |
| 1 secxtinz : ref | 1 | 32
{external fault) | 2 curreac values : 11, 101N i ]
i (through fault currénc) i |
| 2 fault positions : L2, L3 | |
| | |
I ! [
Fuult clearance | 4 fault types, 2 load directions | |
sequence on parallel | 1 setting : vef } 11 | 32
line | 2 faulr positions on parallel line | |
| Different breaker tiues on the parallel | I
| | I
I { [
Faults with change [ 1 fault type, 2 load directions | |
in source impedance | 1 setting : ref | |
| Brezker in B~L1l opens. 40-100mS after ] I (—
| fault inceptiou ] ]
| 2 fault positions : L1, L2Z. i ]
{ ] I
! | {
Correct behaviour | single phase fault evolving to two phasel {
with Evolving | to earth fault after 5 ... 5Uu3 | 1 | 8
fault | 2 tiwe values, 2 fault positions | |
| 2 load directions i !
! I I
| [ '
Simultaneous fault | phase-phase fault involving L1.and L2 | |
on parallel line | 2 load directions. I 11 | 2
! | !
----------------- -1- ! |
| 174
!

Table 3.4 Double source dynamic tests.

Line differential protection
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=J3CT OF T5TS TEST COLDITIONS SCHEME n
Functional control 4 fault types, 2 load directions (fig 2-b) 8
1 setting : ref I
1 current value: I1 = LQIﬁ'
Sensitivity of Auto - reclosing on L
peasuring units 4 fault tyvpes 3 2 loaa directions I 8
(internal fault) 1 setting : ref
1 current values Il = 1101N
Stability Auto-reclosing on
(extornal fanlt) 4 fault types, 2 1ldad dl“ectlons II 8
1 setting : Tef
1 current value: 101
fthrough fault N current)
Faults during Auto-reclosing on Lq
autr-reclosing dead Paults on other pha~es on I
time 4 fault types, 2 load directions kS 8
1 settinmiref
(internal fault) 1 current value: =
through fault 1current§N
Faults during Auto-reclosing on Lp
auto=~reclosing dead Faults on other phases on Lo ,
time 4 fault tyves, 2 load directions 8
1 setting : ref 11
(external fault) 1 current value: 101
(through fault current)
40

Table 3,5 "ests with auto - recloser.

line differential protection
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Table 3.6 Estimacred number of tests

Line differential protection

STEADY-STATE TESTS n Z n
Table 3.2 - part a . 109
Table 3.2 - part b
- Temperature 54
- DC auxiliary voltage 30
- Frequency 20
- Harmonics 60
« H.F. disturbance tests 216
- Cowmunication chaanel 100
- EJJ.ectromagnetic fields - 480 589
SINGLE—SOURCE-DYNAMIC TESTS
Table 3.3 - part a 233
Table 3.3 - part b
= Tiwmperature 90
- D.C. auxiliary voltage 16
- a.C. source 144
-  Qouwuunication channel 120
~ T umodels 70
- liue models 70 510 743
DOUBLE-SOURCE DYNAMIC TESTS
Table 3.4 174 174
TESTS WITH AﬁkILIARY EQUIPMENT
Table 3.5
(auto-recloser) 40 40
1546
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4.1

- CHAPTER 4

FUNCTIONAL TESTS FOR CURRENT DIFFERENTIAL BUSBAR PROTECTION

GENERAL

See chapter 1, § 1.1

The operational principle of ‘a current differential busbar protection is

based on the measurement of the differential current, this is the sum of
the instantaneous current values at each feeder on the protected busbar.
To avoid unwanted tripping when the CT's are saturated two main operating
principles are used :

- high impedance differential retays (biased or not),
- low impedance differential relays (biased).

In the first case stability is obtained by reducing the differential

current during the saturation periods; in the latter case by stabilizing
the relay when saturation occurs.

This chapter is relevant for both high impedance and low impedance

differential protection relays. In a relay, the measurement can be made
using either the current from each separate phase or alternatively using

a combination value of current derived from all three phases.

Especially for low impedance and biased high impedance relays the rated
current values of the main current transformers can be different for each
feeder. If intermediate (ratio compensating) current transformers are

required, the rated current used to define the test conditions is the
common rated value at the secondary side of the intermediate current

transformers.

The extent of the busbar protection depends on the busbar configuration.

For the type tests, it is possible to choose a more simple scheme which
nevertheless has to include the essential elements of the busbar

isolators, bus coupler, bus selection isolators and at least three
feeders.
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3.

4.2

4.2.1

4'2‘2

Reference conditicns and ranges of influencing quantities are shown in

table 4.1.
If auxialiary CT's are used, all measurements will be made with the
auxitiary CT's supplied by the relay manufacturer.

The measuring units will be checked individually. When, however, the

equipment contains one measuring unit per phase, the complete tesis need
to be made on only one of these units. The performance of the other

units may be verified during selected “typical" tests. The estimated
numper of tests is based on one measuring unit per phase.

If the three phase currents are combined in one measuring unit, all types
of faults {one phase, two phase with and without earth, three phase) wil}l
be simulated.

STEADY-STATE TESTS

Uoject

See cnapter 1, § 1.2.1

Thuse tests are intended to measure tne operating and returning values of

Tile starting units, the sensitivity of measuring units for internal
faules, the stability characteristics of measuring units for external
faults, the logic of the protection schewe for ditferent busbar
configurations and the AC and DC power consumption.

. Wnen the protection relay is equipped with an visual indication of the

busbar configuration and with an (automatic) test system, the correct
behaviour of these facilities must be observed.

Test procedures

See chapter 1, § 1.2.2
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4.2.3

4.3

4.3.1

1. For both high and low impedance schemes the sensitivity of a measuring
unit should be measured with the :

- load current in phase with the fault current (figures 4-a and 4-d)
- load current phase shifted with respect to the fault current “polar
characteristics" (figures 4-b and 4-e).

. For a high impedance scheme and the selected CT the maximum permissible

value of the loop resistance at which the stability under external fault
condition is maintained has to be checked (figure 4-c).

. The busbar protection must give correct tripping commands for various

internal fault positions and no tripping for external fault positions in
all possible busbar configurations as illustrated in figure 4-f.

The correct behaviour of the protection should be observed :
-after each change of the busbar configuration (steady-state situation},

- during the change from one configuration to another,
- in the case of an incorrect configuration signal from the busbar

system.

Test program

See particular-examples in tables 42-a and 42-b.

Single-source dynamic tests

Object
See chapter 1, 8 1.3.1.

These tests are mainly intended to measure the sensitivity and the
operating time of the protection for an internal fault and to check its
stability for an external fault.
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4.3.2

4.3.3

Test procedures

See chapter 1, § 1.3.2.

For testing a busbar protection it is essential to incorporate either

actual CT's or a realistic CT simulation. The latter must have the same
dynamic properties as the actual CT, see Appendix B34.

This means ;

-"the form of the saturated current on the secondary side of the auxi

liary CT's must be reproduced correctly,

- wnen an interaction exists between the secondary sides of the CT's in
different feeders, the secondary impedance of each CT nmust be
reproduced correctly.

To couwply with these conditions all dynamic tests must be made with real

auxiliary CT's. For reference tests the main CT's are assumed ideal.
Real or models of the main CT's will be used for parametiric tests.

For low impedance scheme only, the CT's response can be simulated and the
procection fed by amplitiers.

In any case, the type of the C7's used {or simulated) for the tests must..
be indicated in the test report.

The basic scheme of testing is shown on figure 4-f, practical examples

are represented in figure 4-q.

Test proygrain

See particular examples in tables 43-a and 43-b.
Table 43-c gives some examples of particular or complex faults.
Dynamic tests with H.F. disturbances are often Timited to a few points.
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4.4

4.4.1

4.4.2

4.4.3

DOUBLE-SOURCE DYNAMIC TESTS

Object

See chapter 1 § 1.4.1

These tests ére intended to verify the correct behaviour of the

protection when the time constant and the phase angle of each source are
not identical.

Test procedure

See chapter 1 8 1.4.2 and 4.3.2-1 of this chapter.

Test program

See particular examples in tabie 4.4
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Functional tests for busbar current differential protection

List of tables -

Influencing quantities or factors 41
Test in steady-state conditions 42-a 42-b
Single sourceé dynamic tests 43-a - 43-b 43-c
Double source dynamic tests 44
Estimated number of tests 46
Comments .

1)

2)

3)

4)

5}

6)

7)

8)
9)

Qbservation during the tests

Measusements are only necessary if the internal d.c.votages are not
independent of the stated variations of the input auxiliary voltage. In the
number of tests, they are not taken into account.

Two different types of interruptions : short circuited and open circuited.
Durations of interruptions refer to manufacturer specification.

For each test two limits are determined by varying the point-on-wave {0°,
10°...180°) :

- normaf operation (1 test result)

- non operation (1 test result)

The point-on-wave is varied 0%, 10° ...180° (1 test result).

Upper/lower limits in. serie/common mode for each independent circuit

(current, D.C.voltage, input circuit, auxiliary and tripping circuits, for
busbar protection : input circuits for the busbar replica) and between
independent circuits. Identical circuits (e.g. current inputs) are not
supplementically tested but connected at random.

HF disturbances test conforms to IEC-255-6 appendix C.

Maximum time-constant as indicated by the manufacturer ; at least
100 ms.

Only measurement of the busbar replica input (signal input) and the time
delays.

Test of the configurations n® | to 19 of list.

The tests are repeated for each type of CT. The influence of
CT-saturation must be investigated.
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e e o i = e mm p - A e e e e e S b T = M S S S o & S S S e s e

T - T - [ [
l
i

Influencing parameters Range of influencing (*)

1 l
| (1) parameters i
TTTTTTTTTTTT T [~ [T T T i
Ambient temperature | 20°C(:2°C) | =5°Cua+40°C(+55°C) |
| | |
TTTTTeTTeTTiT T [roTTTTTTTTTT T oo |
Relative humidity | 45%1t075% | |
| | !
mabhabbhbhbeh e [Tt ]
d.c. voltage Un (x2 %) 1 80% UN ... 110 % UN |
auxiliary ripple zero (3 % peak value) |~ 0...12 % peak-to-peak |
voltage short interruptions uninterrupted i Z2ms...200ms |

|

{

o o —— i ——— AR S o = i -..._.—-_-_.-.._.—-.---—.._.—--_-_-_....—--_--_——---_--__-_q__-_._-..-_._——

1 kv/2.5kVY - 1 MHz - 200
serie/common mode
current/D.C.circuit

H.F. disturbances no disturbances

+

!
;
|

Electromagnetic field no disturbances under consideration (IEC)

i
| susceptibility

fmemmee e e s
|
[

{ Frequency I fN (£ 0.5 %) | 9% % IN... 102 % IN)

j | i

e e [Tt -

|  Waveform of a.c.current | sinusoidal (total harmenic | 5 % harmonics 3/5

i I distorsion < 2 %) | 3 phase positions

| | |

l"—""“"""—"‘—'"*""_-l""_'_“"—-“'&"-“'_”“"I"""“""'"“u"""“—_—[

| Source time constant | 50 ms {+ 5 ms) {10 ms... 150 ms 1

[ | 1 !

| | ] |

Tt T T | o i |

| Initial point-on-wave 0 | 0...180° in steps of I

| (dynamic tests) | 10 ...30°) {

i ‘ {

e [T T |
|
|

- remanence factor Q 0..0,3

]
I
|
r
CT model : | ideal performance
|
|
| 5 ... 1200 times internal
|
|
|
l
i

|

| |

| |

i | |
{ - kneepoint no transient saturation | !
! | e.m.f.at rated current |
| - secondary time > 10 sec | unsaturated: 50 ms...10s |
|  constant | fully saturated: 0,2ms...3 ms |
} - secondary burden angle 0° ; 0 ... 45° }
e N |
:  Relay setting | reference setting | setting range :

- ——-—--.-——-—.-_-.--_.--__-.-._—-..-..___——-_._...——.—--_---_.—-.—-—-—--.—-.—.——.———-_.-....--__-.-.-—-------—-—

Table 41 - Reference conditions and range of influencing parameters

{(*) values proposed by WG 34-04
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fig. 4 -c

Iz = 0-5 IN" 1 IN’ S I“
10 Iy, 20 Iy

5 current wvalues :

{maximum permissible value of the loop resistance
at which the stability is maintained during satu-

ration)

-OBJECT OF TESTS TEST CONDITIONS n
COperating and returning 3 settings : ref, max, min &
values of (current) '
starting units
Sensitivity of measuring
units (internal fault)
1 = 0 3 settings : ref, max, min 3
2riq 4" I, = Iy =0
fig.4. .-a 2 3
I2 in phase 31 gettings : ref, max, min 18
- 6 current values :.I, = 0.5 I 11X 2 I
: i, I 2 Ne N N
fig.42-2-a 3 Tyge 4 Iy, S Iy
Iy = 0
_ 1 setting : ref 3
N 3 current values : Ip + I3 = 1 Iy, 2 Iy, 5 Iy
- Iz = I3
{three feeders)
I phase shifted 1 setting : ref 114
2 2 current values : Iy = 2 Iy, 5 Iy
fig.q'. -b 13 =
Y= 0*...360* in steps of 30°
2 settings : max, min 8
1 current value : 2 Iy
. Iy = 0
4: 4 phase values
1 setting : ref 4
1 current value : Iy = I3, I3 + Iy = 2 Iy
_ {three feeders) .
Y: 4 phases values
Stability characteristics
(external fault)
- High impedance relay 1 setting : ref 5

Table 42~ -a Tests in steady-state conditions
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OBRJECT OF TESTS TEST CONDITIONS n
Indications and output verification during other tests -
contacts
Power consumption
- a.c. currents 2 current values 16
4 CT's ratios
internal and exterpal fault
- d.c. auxiliary supply maximum power consumption for 6
. measuring unit
« feeder unit
. bus coupler unit
with and without fault
Busbar replica steady-state configuration as
(see list 4 -a)
{logic of the protection
scheme in different busbar fault during configuration change 20
confiqurations, (see list 4 -b}
fig.4  -f)
wrong isolator position signal 8
Reaction of the relay ("Alarm" or
*Blocking™ and time delay) on a wrong
position signal of:
. feeder isolator (e.g. Ky)
. bus coupler (B.)
. bus isolator (e.g. Cy)
. section isclator (e.g. Sy}
{(wWwith an lscolator closed, the signal is
"open” and vice versa}
155

Tabie 42- a (continued)
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Configuration Test | Fault |[Trip command to Ramark
no. pos. By By le B.
= — =
4"
‘f r 4T“ 1 Fq x X X
K L "
. Fu 2 F X X X
—-—o &+r 4
5
3 Fg
K L ™
éF‘l 5 Fe
4 Fq X b3 X
rs 5 Fz X .4
L ¢ 6 F. 2 2 1 1 | note 2 .
K v ; c M 7 Fg o Fe and Bg in at same moment
F3 Fl 8 F3 b 4 X X
9 Fy X X
Fo 10 Fo 2 2 1 1 note 2
K L c ™
Ft
R — IR Y Fy x X
12 Fa 2 1 i- { note 2
fe : i '
X L ol H '
F1 |
~—4
AL 13 | Fy X X
14 Fa x { x| X
Fe 15 Fo 2 1 1 1 note 2
¢ L c M
éFl.
pat — 16 Fy X X X
F3 17 | Fy X x
Fs 18. Fo 2 1 1 1 note 2
| 20 + x X X . R -
K L c ™ ,*Fs faule F, : R - S
fault Fs s -T
F2
T GFs ? T 21 Fa X X X
< , 22 | F3 X X
I l 23 Fo 2 1 1 1 note 2
Fec
L c M
—y r 24 Fe X breaker B, open
25 Fe b 4 (X) | breakexr B, closed
K L C ™

List &; ..-a Steady-state configurations
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Configuration Test | Fault | Trip command to Remark
no. pPos. | By |By .[Bp Bc

[ 3
F3 * l7 [
- 26 Fq X X X
27 Fs X X X
| 28 Fy X X
X L c M |

T 29 F4 X X b ¢
'9;,; 30 Fe 1 |2 1 1 | note 2

K L c M :
|
m b 31 Fe 2 2 1 1 | note 2
Fc |
K L C ] :
4L Ft 3
—f 9" 32 Fy X X | (X)| K closed, Ip.=0...+ 1 Ip.
note 3 '
i . 4Fg 33 Fy X X [ (X) | K open (Iy=0), Iy =0...%1 I
note 3
K C M - 34 Fg Ipe=0.+.1 Iy, note 3
s
F“'55 T- 35 Fy-3 X X (X) | fault: from busbar 1,
I phase R to busbar 3
phase S
K = !

Notes: 1. For fault positions refer to fig. 4-f

2. After the first trip commands (indicated "1") the current in the trip-
ped feeders must be switched off {e.g. with time delay 40 ms) and the
signals must be changed. The second trip commands are indicated "2",

3. The test must be made for different values of the current in the bus-
coupler, e.g. Ipn. = 0.2, 0.5, 0.8 I. These values may be chosen in ic-
cordance with the settings. For test nr. 32 also the direction of the
current must be changed.

4. The test current in each generator feeder can be chosen, e.g. 21y.

List4 -—a (continued)
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70

|

By |Br, [Bm |Be

Fault |Trip command t

posl

Fg
Fg
Fy
Fg
Fy
Fj
F3
Fg
Fy
Fa
Fj

Configquration

change

closing of k4
opening of ky
closing of Sy
opening of Sy

Test
no.

13
14
15
16
17
18
19
20

Configquration

|
[
1

..F{-

[4F !

i

-d

J

e

b Faults during configuration changes

!

| G|
| ik

List &
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pche4

OBJECT QF TESTS TEST CONDITIONS I n
— me ()
Transient agcuracy of 3 settings : ref, max, min A &
(current) starting units 3} | 2 limits
Sensitivity of measuring
units (interal fault) 3)
12= 0 3 gettings : ref, max, min A &
2 limits
Izin phase 1 setting : ref 6
3 current values : I, = 1 Iy, S Ins Inax B
I1 = Iz +180°, I3 = {
2 limits L
I2 phase shifted 1 setting : ref 6
3 current values : I = 1 Iy, 5 Iy, Igax c
Iy = 0
— 2 limits
Operating times of 1 setting : ref 5
starting units 4) 5 current values : 1 Iy, 2 Iy, 5 Iy, 20 Iy A
Imax
Operating times of the
relay 4)
12’ 0 3 settings : ref, max, min s |15
S current values : I, = 1 Iy, 2 Iy, 5 Iy, )
20 Iys Imax
Iziﬂ phase 1 setting : ref 6
current values : Iy = 1 Iy, 2 Iy
I =5 Iy, 20 Iy, Inpax B
[Ty =(Iz +180*, I3 =0
I_ phase shifted 1 setting : ref 6
¢ current values : Iy = 1 Iy, 2 Iy
13 = Q
Resetting-times 3 settings : ref, max, min 18
3 fault types A
starting units and composite relay
Stability (external fault) 1 setting : ref s
5 current values : I = 1 Iy, 2 Iy, 5 Iy
20 Iy, Ipax D
I3 =0
El =12 +180* (through fault current)
Indications and output verification during other tests _
contacts
79
—

(x) See figure 4— 9

Table 43- -a Single source dynamic tests

72



$1$91 dSrweud :
1l a. | P 22JNn0s UHMC—W q €% U—AQH
\Fl # 2an311 935 (x)
ve _ -
mm -N N— —V mN ®183] JO Jaquny
¥ ! » - ] - " ] " 3INIUOD
IndInoe puw wuojpIEITpUL
SIMTeR ¢
. gangva
a 1]} juaiing ¢ Waang TSR ITFET T'F I
quilaaes z |or] Burssee y - - - - - Aapypvay
senjea
Ju911ind Fd Ean|ea . u::_z.f angva
v |4 JUIIIND 7 Juasang | JVRAAND |
M:_Amuuwm A ¥| Burazese - ¥ by g gaw - - z buyyiae | sauw]y Bujpyjomey
Ron|eA
g UsIIND 2
sanjea - - - - - n| sbujies ¢ aseyd u) N—
114 Jusa1and ¢ sanjeA angea unpua anyea sanyua
am* M2 AN w aUST AN ¥ P2 INg — AU LD ] FULIIN0D ﬂ N
v SAUTIIDS T oy| bujarew ¢ |z bwraras 4| v bug i jus | - ¢ purnas g gl sbujayes ¢ (v 0=1
Aviad ayy Jo sawil buyywaadg
sanjea
QM Ban|va angea LULLE 4. AMTA U’.—d.’
< H_..—mw{—hﬂﬂo m Tudand W JuS 1 Ing 1 IUS3IAND — ua g 1 IUDIIND —
mwc.—uuﬂm < Cﬂ bujyioe | 7 fuy 11us Q bujyjos | - 7 Puiies b4 bujpiias | ¥ £3jun
" > buryawye Jo ka3 bupjywassdp
anyva gatjen
v JRIIND. | IR 7 Z
b Z| burares - - -, - 1] sbut1198 {r 0= 1
t1neg peusaugy Aayagyisuay
anfea
v uaIIng |
b 7| buiazas - - - - - ( bur13a8 20uasagar -
BITUn Bujyawys
(1U321n2] jo Jovindaw quoteuesy
.AXV u {9 u u [F4 u I u {1 u
(6) N
WBYDI5 1 3z08/vp | (vuopawang 1) 3 0¥t/ -
wew | /ew g Asuanbae sy LIS ST z: qu..-_.-cnm-.u
NI LS Sw) ) Dujanpe ow EEE NIV I FECTITY ahiy s wit/on wa jquy
S[epow L9 33J4N0sS o'y whejjoa Aavpxne “ata

73




§1$9) Djweudp 301n0s s18ulg - o-¢y IqBL

8¢ 2an3y) s3s (%)

(49!
b/ 8 §1831 jJo aaquny
* * §19e3u00 IndIno pue suorIEITpUT
aniea nyea \1 awtl fBuyjeiradp
H 1|3uazano ZJavraano L h (1euaajuy o3 1euaaixg)
Jurylaes Ju:jzas | £ 11neJ Bujajoag
awt? Zutyeaadp
aniea NTRA (£-5) e
) {]3uaaano 4 RUEFELE I iney
duryyes SIS EET [BuU1331xad pur [euiajug
! (5-0)
antea onjea
4 | 3vaaany Z]3ua1ano | ¥ awtl 3urieaado
“uriles dma39s | . I{NeJ [vuIalul Ijqnog
(0-s) # (o-&)
anea antea ’ V4 swr1 Burierado
fiuaxana ~fausaano o © JInE] 1euisiu
i , Lutr33aes ¢ sutllas | mes 1 I
fwh
awsyog | ut  (9) Nu
’ XeWw
! N
(6) /5W 0g JZT01/%6
.JIeIsu0d Aouanbaay
awty Jutanseau
s[apow 1) ¥34n0% W

74



oo WY
X ~ "
e
_ p )
1y T, 3 1
“1 T, T, T
T4
E
& @ O
I L1 E2 Iz {2 n
Internal fault 2 IN 30 ms = £1 max(1) max{2) 1
2 IN ma x = £l max(1) 30 ms 1
2 IN 30 ms = El|+30° max{1) 30 ms 1
2 IN 30 ms = £1.-30° | max(1) 30 ms 1
External fault 2 IN 30 ms = El max(1)} max(2) H
2 IN max = gl max(1) 30 ms 1
2 IN 30 ms = £1.+30° max{1) 30 ms 1
2 1IN 30 ms = E1[-30° | max(1l) 30 ms 1
Number of tests 8

(1) At least 20 IN

(2) At least 300 ms

Table 44 - Double source dynamic tests
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| I n [ In |
! | I i
| Steady state tests I I I
i | I i
|  table 42 -a | 156 | i
| i ! }
| table 42 -b I { [
I I [ I
| -T° 84 I [ |
I | ! !
| - D.C. aux. voltage 52 ! ! !
| | ! [
| - Frequency 20 i | |
| | | I
| - Harmonics - 60 | ! I
| I | }
i - HF disturbances 270 | 488 | 642 !
I | I I
I | I |
| Single source dynamic tests I I |
| ! I I
| table 43 -a | 79 I [
! i | |
| table 43 -b et 43 -c i | |
f I | |
I I | |
| =-T° 28 | i i
I f i I
| - D.C. aux. voltage 16 i | !
| ' I ! i
| - Frequency 4. ! | I
| [ i I
| - Time constant 38 | i i
} f { i
| -CT models 34 I ! i
| ' | | [
| - Particular faults 12 } 132 | 211 |
I i ! |
I ! i |
I Double source dynamic tests | | |
I : ! j |
| table 44 } 8 - 8 |
| I i [
| | | I

i |

| 861 [

] |
Table 4-6 Estimated number of tests

Busbar differential protections
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5.1

CHAPTER 5

FUNCTIONAL TESTS FOR TRANSFORMER CURRENT

DIFFERENTIAL PROTECTION

GENERAL

See chapter 1, § 1.1

The 6perat1ng principle of a transformer differential protection is based

on the measurement of the differential current, which is the sum of the
instantaneous currents entering each winding of the protected

transformer.

To avoid unwanted tripping during external faults, when some CT's may be
saturated or when the load-tap-changer is in the extreme position, one
main operating principle is used :

- low impedance biased differential protection

Stability 1is maintained by biasing the operating differential current

with the through current (load curent + external fault current).

Jo avoid unwanted operation during energization of the power transformer
most transformer differential protection systems incorporate harmonic
restraint circuitry (270 harmonic restraint) which prevent relay
operation on inrush currents during energisation. In addition some
manufacturers incorporate harmonic restraint circuitry based on
sth harmonic; this is designed to prevent relay operation due to possible
overexcitation of the transformer.

In a relay,the differential measurement, is performed on a single phase
basis, however the through current biasing and harmonic restraint can use
a combination value obtained by mixing the three single phase quantities.

If required, auxiliary CT's are an integral part of the protection and
consequently the tests should be performed with these CT's.

76



2.

3.

5.2

5.2.1

The tests as indicated in this chapter are applicable for two or three

winging power transformer current differential protections.

Reference values and ranges of influencing quantities and factors, valid

for the different tests, are shown in table 5.1

The measuring units shall be checked individually. When however, the

equipment contains one measuring unit per phase, the complete tests may
be made on only one of these units. The performance of the other
circuits are verified during selected typical tests.

If the three currents are combined in one measuring unit, all types of
faults (one-phase-to-ground, two-phase with an without earth, three-
phase) shall be simulated.

The estimated number of tests is based on one measuring unit per phase.

STEADY-STATE TESTS

Object

See chapter 1, § 1.2.1

These tests are intended to measure :

- the operating characteristics of current differential functions for
internal faults without Toad current {sensitivity),

- the operating characteristics of current differential functions with
through currents - external faults (stability characteristics),

- the harmonic restraint characteristics.

. The correct behaviour of visual indicators, output contacts, etc. are

examined. The power consumption on a.c current and d.c. auxiliary
voltage circuits is also measured.
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5.2.2

5.2.3

5.3
5.3.1

5.3.2

.Test procedures

. The sensitivity of the differential measuring units should be measured by

simulating the fault current at one end of the protection scheme whilst
maintaining the remaining terminals open or unenergised. The test is
performed by slowly increasing the magnitude of the fault current using
the test simulation in figure 5-a.

The above tests are repeated with through currents superimposed (with one

terminal open on three ended scheme) to measure operating characteristics
(fig. 5-a and 5-b).

The polar characteristics are measured using the test simulation in
figure 5-c. Figure 5-d shows a typical polar operating characteristic.
The inrush restraint (harmonic restraint respect) characteristic is
measured using the test simulation in figure 5-e.

Test program

Examples of tests are given in tables 5.2 part a and 5.2. part b.

SINGLE-SOURCE DYNAMIC TESTS

Object

See chapter 1, § 1.3.1

These tests are intended to measure the sensitivity, the operating and

resetting times of the protection for an internal fault and to check the

stability for an external fault.

The dynamic tests are repeated for different values of the initial point-

on-wave (e.g. from 0° to 180° in steps of less than 30°).

Test procedures

The dynamic tests should be performed using the test simulation in figure
5-g with ideal models of CT's.
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5.3.3 Test programs

5.4

1. Examples of tests in dynamic conditions are given in table 5.3 part a,

assuming ideal models of CT's and power transformer (see figure 5-g).
Dynamic tests with H.F. disturbances are often limited to a few points.

2. To investigate the behaviour of the differential protection under more

realistic conditions, examples of tests are given on table 5.3 part b.
Non-ideal models of CT's and power transformer are assumed. Table 5.3

part ¢ gives examples of some particular more complex faults.

DOUBLE-SOURCE DYNAMIC TESTS

Double-source dynamic tests are normally not necessary.
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Differential
scheme

Fig. 5-a Operating characteristic

b
UPERATE ZONE . -

|
L
|
)
|

Id (differ. current)

Limits of

_Aq error under
]_ reference

conditions

" 11 + 12

—

—

|

l (restraint current)

effective range

Fig. 5-b Operating characteristic under reference conditions

Differential
scheme

D=8

Fig. 5-c¢ Polar characteristic
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+30°

+20°

operate zone

I2 = 1 p.u.load
CURVE B 12 = 2 p.u.load
Fig. 5-d Typical polar characteristic
Differential
scheme
IF = current at rated frequency
IXF = current at 2nd or 5th

Fig. 5-e

Harmonic restraint test

bharmonic frequency
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Current

“F

Operate

;F = Current at rated frequency

Ixp = Current at specified
farmonic frequency

Non-operate

—-

Iyp
IF

Fig. 5-f Harmonic restraint characteristic showing response to a
single harmonic frequency

differential scheme

T |
_Il',lt\ 1 12,
_zE—O e Iﬁ
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N Y e
ak ~ —o0 © (5 db {;Zfi
Ip
fault
switches

BeT

Fig. 5-g Single - source dymnamic tests
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TYPE TEST FOR POWER TRANSFORMER CURRENT DIFFERENTIAL PROTECTION

'LIST OF TABLES ' -

Influencing quantities or factoers

5.1
Tests in steady- state conditions 5.2
Tests in dynamic conditions 5.3 =~aandb
Tests on single - source power system model 5.3 :
Estimated number of tests 5.6

Comments:

1)
- 2)

3)

:4)

5)

6)

7)

Number of tests

Observation during the tests

Number of tests not indicated; no test standards available

Measurements are only necessary if the internal d.c. voltages are not indef
dent of the stated variations of the input auxiliary voltage. In the number of
tests, they are not taken into account.

Two different types of interruptions: short circuited and open circuited. Du-
rations of ‘interruptions refer to manufacturer specification.

For each test two limits are determined by varying the point-on-~-wave
o o o

(07, 10 ... 1807 ) :

- no operation at external tault (1 test result)

- operation at internal fault (1 test result)

The point-on-wave is varied 0° , 10.. .180° (1 test result)

Upper/lower li mits in serie/common mode for each independent circuit
(current, D.C. voltage, input circuit, auxiliary and tripping circuits) and
between independent circuits. Identical circuits (e.g. current inputs) are
not supplementically tested but connected at random.

High frequency disturbance test conformes to IEC 255-6

Maximum time-constant as indicated by the manufacturer; at least 100 ms.

The tests are repeated for each tﬂrpe of CT. The influence of CT-saturation
must be investigated. '
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[nfluencing parameters -

Reference conditions (a}

(proposed by WG 34-04)

Range of infiuencin.g parameters
(Values prooosed by WG 34-04)

ambient temperature

20°C (* 2°C)

=5°C ....+40°C (+ 55°C)

relative humidity 4s5% to 75% ————

d.c. voltage Ud (+2%) BOX UN ....7110% UN
auxiliary ripple zero (3% peak value} Ouive. 128 peak-to-peak
voltage short interruptions} Uninterrupted 2ms ... 200 ms

Y

H.F. disturbances

no disturhances

1 k¥/2,5 k¥ - 1 Mz-200 ohm
series/common mode
current / D.C. circuits

Slectromagnetic field

no disturdances

’

under consideration (IEC}

a.c. frequency
currents wavefcim
time source
constanc{h)

o (¥ 0,5%)

sinusocidal (total harmonic
distortion < 2%)

S0 ms (* S as)

4% ....1022 £
5% harmonics /5
3 phasepostions
Wms .... 150 ns

- Py 1 ) z .
initial initial current ero In (e}
concition initial point 0° .....180° in steps of
(o) onvave 0 10 .... 30°
CT model ideal pertormance
- remanence factor () Q....0,8
- kneepoint no transient saturation S ....1200 times internal
e.n.f. at rated current
- se:mtanzdazts tj'm 10 sec unsaturated: SOms ...10s
coas fullysaturated: 0,2us...3as
- secondary burden angle, Qo Q....U45°

sower transformer
pagnetising

zero
{ideal model)

power transformer model

(£)

Relay setting

reference setting

settingrange

a/ test tolerances are indica:ed into brackets

b/ dynanic test only

74 load currents superimposed with variable phase-angles

Table S§.1. Rererence conditions and range of influencing proineters
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QBJECT OF TESTS TEST CONDITIONS N
Sensitivity of measuring
units (internal fault)
IL =0 3 settings: iref  max, min 12,
Y fault types 12 =I,=0
fig.5-a 3
IL in phase 3 setting iref, max, min 18
«T.= T
6 current values .12 0‘2'H’0'5 IN’ 0,8 IN
1 fault type 1IN, ZIN. SIN
fig.S-a 13 = 0
deviations due to the tertlary winding 3
1 setting irefl
3 current values :12 t §3 H O.SIN, IIN, 1.51N
fig.5-a 2 3
IL phase shifted 1 setting tref 24
2 current values I,= 1IN, ZIW,
1 fault type IE =0 !
xo =0%,...360° in steps of kil
ig.5—
2 settings max, min 8
1 current value I2 = 2IN
1 faulttype
% phase values ;=0
fig.5-c -
deviations due to the tertiary winding y
1 setting iref
{I = I.+I.=locad current) ! faulttype I2*'13 = 2y
L™ 273 I,=1
2° 73
fig.5-¢
Stability characterstics 1 setting irefl 16
n 4 fault types :
- (external fault) 4 current values: 1,=1L,, 2I,, 5I., 10L,,I.=0
: 270 N* 7N NYT3
fig.5-a
Harmonie restraint characteristic 1 setting iraf 14
(IF z fault current) 7 current values :IXF=0'21H’0'3IN'0'51N’1IN'
2Ly, 2L, SIN,
I,.: 2 nd and Sth harmonic
XF I
curve Ip = £ XF ‘i neasured (fig.5-f)
E
fig.5—e
Indications and cutput constants verifications during other tests
Power consumption d.c.
auxiliary supply a.c.cwrrent at rated current:
po fault, B=M fagit, 2
at 2 IH:
R=-N fault,

Table 5.2, part a Tests in steady state conditions
Transformer differential protectiocn
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OBJECT QF TESTS TESTS COHDITIONS {(fig. S5.32.1) n
3ensitivity of measuring -
units {internal fault)
- 12 z 0 3 settings: ref. max, min 24
4 fault types IZ =0
2 limits
- I2 in phase 1 setting: ’ ref. 2
1 fault type 12 = IN
2 limits
- I2 phase shifted 1 setting: ref. 8
1 fault type 12 = IN
¥ 4 phase values
2 limits
Operating times
-I,:=0 1 setting ' ref, i6
1 fault type 12 =0
4 . =
current values I? 11"' 21, SI,, 10t
| kol N
2 settings: ref., max, min 8
1 fault type 12 0
4 current values: 11 = 1IN, 21”, SIN, IOIH
- 12 in phase 1 setting: ref. 4
1 fault type
4 current values: I1 =z 1IN, 2IN, SIM’ IOIH
- I, phase shifted 1 setting: ref. 16
1 fault type I2 = IR
4 current values: I1 = IIN, ZIN, 5IN‘ 1OIN
w: 4 phase values
3 setting: ref. max, oin 2
Resetting times 1 fault type
Stability (external fault) 1 setting: : ref. 1%
4 fault types
4 current values: 12 = 1IN, EIH, 5IN’ 101N
Indications and output
Verification during other tests
contacts
79

Table S.3. part a

Tests in dynamic conditions
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n Zn
Steady - state tests
Table 5.2 - parta 102
Table 5.2 - part b
T 42
D.C. aux. voltage 16
Frequency 32
H;arrnonics 42
H.F. Disturbance 132
Winding .connections 40 304 406
Dynamic tests
Table 5.3 - part a 79
Table 5.3 - part b and part ¢
T° 26
D.C. aux. voltage 10
Frequency 2
Time constant 16
CT models 10
Tests on model 13 77 156
562

Table 5.6 Estimated number of tests

Transformer differential protection
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1.

CONCLUSION

Functional tests for power system protection relays are costly and time

consuming. At this time, comparison of test results for similar
protection equipment tested in different laboratories 1is difficult

because test methods and forms of presentation of test results are not
standard.

. The number of measurements for steady-state and single source dynamic

tests form a major part of the total amount of tests. Most of these
tests are uncomplicated and repetitive in nature and can be carried out
on simple test installations. Therefore such tests should be performed
within a standardised test program, using reference voltage and current

waveforms.

For the remaining tasts, it is necessary to define the reference
characteristics for the power system components, instrument transformers
and test configurations. Such tests are more complex and require a power
system mode! with more accurate simulation of the real power system

components.
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A.3

APPENDIX A

Synthetic tests

GENERAL

These tests are performed by applying conventional waveforms of signals
on the measuring inputs of the relay, using separate sources of signals.
Most conventional steady-state tests are performed in a synthetic way,
by using separate sources of a.c. signals and slowly varying the magni-
tude and/or phase angle of some of these signals. Single-source

_ dynamic tests can also be performed in a synthetic way, by using sepa-

rate sources of a.c. and d.c. signals and combining them with appro-
priate synchronization. Such methods can be extended to the generation
of more complex waveforms of signals such as : trapezoidal representa-
tion of arc voltage, etc ...

Synthetic methods can ensure a high level of flexibility, accuracy aund
reproducibility of the test signals, but they are not ideal for si-
mulating typical or particular fault or switching sequences in more
complex power systems. In the latter case, power system models are
more appropriate (see appendix B).

CHARACTERISTICS OF A.C. SIGNALS

Table A.2 summarizes the characteristics of a.c. signals to be genera-
ted to perform the majority of steady-state and single-source dynamic
tests.

ANALOG SYNTHETISERS

In order to perform the steady-state measurements independant current
and voltage sources must be available with good setting possibilities
for amplitude and phase and in some cases for the harmonics content.
The modern approach of using current and voltage amplifiers to produce
the input signals for a protection relay opens the possibility to use
measuring signals at low levels so that the generation of these si-
gnals is relatively simple.

Accurate and good reproducible phase shifts, frequency changes, har-
monics, switching angles, etc ... can be generated with eventually
parameters set by a computer or by a programmable logic controller.

An extension of the electronic steady-state test-equipment with units
for the generation of several current and voltage waveforms can be
useful for investigation tests or development (figure A-3).

The function-generators can produce asymmetric sine-waves with adjus-
table time comstants, inrush currents, arc voltages, etc ... In this
way the steady—state test—equipment is used as a "catalogue' of wave-
forms. Timing of test sequences and control of switching angles is per-
formed by the synchronization unit. Settings can be made by hand or -
after further extension - by means of a comtroller.
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DIGITAL SYNTHETISERS

A-2

The introduction of computer control will clearly in
of the test-equipment for steady-state as well as for dynamic tests.

With cascading of electronic circuits it must be emphasized that care-
ful design is required with respect to offset and drift. .
fluence the design

RELAY
UNDER
TEST

A.4
Synthetic tests can also be performed from digital computers with D/A
outputs and amplifiers (fig A.4). See Appendix B, paragraph B.4.
f, ext {o amp. . __{> current
—43-PhAseiphase function simuiation amplifiers
system [qmal. generator . M relay
{+ har - {Phase L
ampl {T,4.0s) T N
i : 1,42
monics) phasal P outpot
\ \ ——— TTT
—
fy ext ampl. ’_D voltage
3-phase
System phosel simulation simaaation Gmpllflefs
ampl. arc D ‘
phase
{
{stave) o, voltage [CIVT N~
phase "/ e —
N N :
L 4 L 3
processor synchro- [~ time -
+ -+ . . ™ measure recorder
printer nisation - ment
Fig A.3 : Analog synthetic test set up
L
A HEH >
0~ —»24 -
( DISPLAY
—— e
‘-‘__-___'___._./
TEST
KEYBOARD -
e COMPUTER §p—RELAY CONTROL
T
RELAY STATU I
€ S MONITOR
v
Fig A.4 : Digital synthetic test set up
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B.l

B.3

B.3.1

B.3.2

APPENDIX B

Tests on power system models

GENERAL

These tests are performed by simulating typical or particular power sys-
tem configurations during fault or switching conditions.

Modern power system models for testing relays utilize current and vol-
tage amplifiers which can be driven by low level test signals. The
latter can be generated from low power analog models or from digital
computers with D/A outputs.

CHARACTERISTICS OF AMPLIFIERS

Tables B.2-a and B.2-b summarize the characteristics of current and
voltage amplifiers to perform the majority of dynamic tests on power
system models.

ANALOG POWER SYSTEM MODELS

General

The transient phenomena occuring im the power network, as well as the
transient behaviour of the measuring transformers may influence the
response of the protection relay.

With the help of the analog simulator, the generatiom of the input data
(voltages and currents) for protection relays should be possible with
acceptable deviations from the real network data.

In the elementary form,the analog simulator consists of a 3-phase gene-
rator and a single 3~phase line model with possibilities of varying
fault positions and fault types.

Simulating the power system will at least ask for the modelling of HV
lines, power sources, circuit-breakers, fault switching and arcing re-
sistance.

For some applications, additional elements will be required like series
capacitors or reactors, power transformers, etc.

In the design of some of these elements the eventual computer control
should be taken into account e.g. for switching moments, fault posi-
tion, etc.

Although realization of this control is possible for medium as well as
for low power models, it is clear that the latter is more fitted for it.

Line models

The use of power amplifiers with adjustable input sensitivity as cou-
pling element between line model and protection relay gives a certain
degree of freedom in the dimensioning of a power line model.
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B.3.3

B.3.4

B.3.5

Practical limits, however, will be set by-factors like maximum required
overcurrent, amplifier drift and offset and the current sensing in the
power line. )
The miniaturizing of the line model is limited by the attainable L/R-
ratio of small coils and by the resistance of wires, printed wiring
and relay contact for line or fault switching.

With careful design a correct response up to 8 kHz is possible for
single or double lines with moderate dimensions. In many cases a cor-
rect frequency respouse up to ! ... 3 kiz will be sufficient, which
means a small number of m—cells. The sensing of the relative low cur-
rents in the line model with enough accuracy and without influencing
the model can be realized by low shunts and differential amplifiers or
by application of a current to voltage transformer. The latter solu-—
tion may set a limit in the measuring of large time constants.

Source models

In a.low power line model the power source can be realized as an elec-
tronic circuit with good possibilities for computer control, frequency
changes, etc. Also electronic means should be considered for the reali-
zation of the source impedance with large time constants.

However, the correct simulation of the generator, including the tran-
sient behaviour is rather complicated. '

Current transformer models

The basic philosophy in developing CT-models should be that they have
the same parametric properties as the real CT and that also they enable
the test operator to arbitrarily set the starting conditions for the
different parameters.

Once the test sequence is started from a given set of parameters the
model should display the actual parameter values at different times
during the sequence.

For the representation of the magnetic curve a better approximation
thah a two segment straight line is desirable. It is assumed that

the simulation of hysteresis can be neglected but that the representa-
tionsof remanence is necessary for gapless—type transformers.

In the CT-model local core saturation is not taken into account.

The modelling of CT's has been described in different papers before

Voltage transformer models

Modelling of inductive or capacitive voltage transformers has been des-
cribed before .

It appeared that ome limiting factor for a scale down of a magnetic VT
was the instantaneous power drawn from the primary when the magnetic
core enters saturation. Likewise a CVI-model based on the equivalent
diagram would require less power than ome based on the real diagram.
For magnetic voltage transformers the magnetic circuit should be re-
presented correctly because it interacts with the power system model
and amplifiers are not allowed to be interposed.
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An isolating amplifier between the network model and the CVT is recom-
mended.

In the modelling of the magnetic characteristics of the core one should
take into account the fact that the non-linearity around the kneepoint
at high fluxes is important for the correct representation of the line
discharge phenomena while the non-linearity at low flux values is also
important in the determination of the response of the system during
ferro-resonance conditions.

Transmission link models

The transmission link must be modelled in order to get a correct asses-
sment of the response of the protection scheme in the case where the )
information is transmitted in an analog way, for instance current or
voltage balance signals in a differential protection.

The proper attenuation and phase shift of the received signal must be
obtained irrespective of the medium or the technique used for transmis—
sion (pilot wires, micro wave, PLC, ...}. In the case where the infor-
mation is transmitted in a digital way, for example blocking or per—
missive signal in directional comparison schemes or phase information

in phase comparison schemes the proper time delay must be introduced.
In both above-mentioned cases the influence of externally generated

and coupled noise and disturbance is desirable but difficult to repro-
duce for each specific type of information link. .

In most cases the real terminal equipment can be used and only the trans-
mission medium has to be modelled.

DIGITAL PQWER SYSTEM MODELS

General

A typical computer test system is illustrated in fig A.4 . The test
conditions are specified from the keyboard of the test computer, using
a man-machine dialogue to allow introduction or modification of the
test parameters. The corresponding a-c signals (voltages and currents)
are calculated, using the appropriate computation routines. In most
cases, the calculation of signals cannot be made in real time during
the tests, because real time calculation of signals would require a
very high computation speed. The signals are calculated off-line and
the digital data is stored in the central memory or in the mass memory
(magnetic disc) of the test computer. An altermative solution is to use
auxiliary memories (e.g. : one memory for each signal to be generated).
Then the pre-caleculated signals are read at the appropriate speed cor-
responding to the required power system frequency, converted into ana-
log form through the D/A converters, and applied to the tested relay
through low-pass filters (to eliminate sample harmonics) and output am-—
plifiers. The test computer can also apply control signals to the relay
under test {(e.g. : to simulate tele-signalling from remote end) and mo-—
nitor the response of the relay to allow further edition or display of

test results.
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B.4.2 Simulation programs

B.4.3

The basic simulation programs model a three-phase transmission system
before and after a single-phase—to—earth fault, a two-phase fault, a
two-phase-to-earth fault, or a three-phase fault.

The values of the power system frequency, the system impedances, the
point-on-wave of fault initiation are variables in the simulation
equations. The position of the fault and the direction in which the
relay is looking are adjustable. This information can be declared to
the simulation program either by the operator responding to questions
from the programs or when it is necessary to prepare a batch of fault
programs, pre-loaded data files can be used. This latter technique is.
particularly valuable when loading library discs. Since the simulation
programs used on the test computer are developed using it, they are
readily available for modification if required.

When using general purpose simulation programs (e.g. : on main-frame
computers) for testing relays, the output data has to be organized into
a suitable format by a short utility program.

The test computer may provide test signals simultaneously to two re-
lays located at different points in the power system. For example, with
a double~end fed system a fault may be applied between the two sources
of generation and the first relay to operate established.

This information is built into the simulation program such that on a
subsequent test the relevant circuit—breaker is opened in the power
system simulation corresponding to the operatiom of the first relay.
The second relay will therefore experience the correct system condi-
tions following the operation of the first relay.

Digital representation of test signals

Bit resolution

With regard to the large dynamic range of currents and voltages on dy-
namic tests and to ensure sufficient accuracy on small signals (e.g. :
small voltages on close up faults), a high bit resolution is necessary.
For instance, a 16 bit resolution will obviate the need for gain swit-

ching of output amplifiers.

Sample rate

Figure B 4 .~a gives the total harmonic distortion of a sinusoidal si-
gnal for different values of the number of samples per cycle (sample
rate}. B

Harmonic distortion can be reduced using filtering techmiques. Total
percentage harmoni¢ distortion has been measured for a system where the
output is formed by a linear integration between the sample steps from

a pure sinuscidal waveform.
It can be seen from figure B 4 .-b that the harmonic distortion falls

rapidly for sample rates in excess of three samples per cycle and is
less than 5 Z at 8 samples per cycle.

It is important to recognize that the overall harmonic distortion in
each channel is influenced further by the frequency response of the
output amplifier.
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Total harmoric distortion |%)

The magnitude of the phase angle error in the output signal due to the
sample rate can be calculated. The magnitude of the maximum error due
to linear integration between the samples has been plotted in figure

B 4& -c.

This error can cause the output signal to lead or lag the intended si-
gnal depending on the point-on-wave of the samples. The overall phase
angle error in each channel has to include the influences of the output
amplifiers together with the errors indicated in figure B 4 .—c.

b Total harmonic distortion (%)
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6 l—
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L .
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Fig B 4 .-a : Fig B 4 =b : _
relationship between sampling fre- reduction of sampling frequency
quency and harmonic distertion by filtering

d Maximum error in zero crossings {degrees)

. ] ! -

a 0 20 Samples/cycie

Fig B 4 «—c:: relationship between sampling frequency and phase
angle error
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Table B.2-a : Current amplifiers for tests on power system models
Power frequency renge 0.94 ... 1.02 times rated frequency
frequency
currents current range 0.2 ... 40 times rated current

maximum at rated 1s - 1°
amplitude current
and
phase—-angle | at maximum 3¢ - 3°©
errors current
gt minimum 2y - 2°
current
current continuously 3 times rated current
capacity
short time 40 I, during 0.1 s
peak current (*) 100 IN (full d.c. offset)
D.c. com—~ | maximum time constant 150 ms (500 ms)
ponents
maximum instantaneous for max. output current (40 I ) with
error 100¢ d.c.-offset, the instanta-
neous error shall not exceed 5% of
the peak value of the a.c.—component
Power max. harmonic rank 2 ... 10 times rated frequency
frequency
harmonics max. harmonic current 100s divided by X (K = f/fN)
max. emplitude and 5% - 1° times K (K = £/1y)
phase—angle errors
Line frequency band up to 1 ... 3 kH=z
oscille—
tions (¥%)| current range 0.2 ... 2 IN
max. amplitude and 5% - 1° times K (K = £/f)
phase—angle errors N
Max. harmonic distortion 1s divided by K- (K = f/fN)

Offset output current

mex. 5 mA (Monitoring for excessive
offset and automatic balancing should
be provided)

Step response time (95% )
response

< 60 ps (3 kHz, 10 A)

slew rate (IOO A step)

0.5 ... 1 A/ps

overshoot

< 2%

Comnon mode rejection factor

60 dB through whole frequency band

Signal-to—noise ratio

50 dB at rated current

Rated burden

0.5-1- 2 VA, time constant 0.5 ... 1 ms

(%) corresponding peak voltage 100 %q/ﬁq where %q = rated burden

(*¥%) e.g. pi - cell representation of the line



Table B.2-b : Voltage smplifiers for.

tests on power system models

Power frequency range 0.94 ... 1.02 times rated frequency
frequency
voltages voltage range 0.1 ... 200 of rated phase-
to—earth voltage

maximum from 20% to s - 1°

amplitude max. voltaege

and

phase—angle | at 54 of rated 23 - 2°

Errors voltage

at 0.1z of g - 3°

rated voltage.

current continuously
capacity

2 times reted phase-to—earth voltage
with rated burden

short time

1 A during 0.1 s

D.c. com- | maximum time constant
ponents

150 ms (500 ms)

maximm instanteneous
error

for rated output voltage with 203
d.c.—offset, the instantaneocus error
shall not exceed 5% of the peak
value of the a.c.—component

Harmonics frequency band

20 Hz ... 3000 Hz

and line
oscille- voltage range 0.1y ... 1003 of rated phase-to-
tions earth voltage
max. amplitude and 6% - 1° times K {K = f/fN)
phase—engle errors
Max. harmonic distortion 2%

Offset output voltage

max. 5 mV

Step response time {95% ) < 60 ps (3 kHz, 60 V sine wave)
response

overshoot < 2%
Max. common mode voltage 250 v

(for connection to line model)

Coummon mode rejection factor

60 dB through whole frequency band

Signal-to-noise retio

70 dB at rated voltage

Rated burden

5 VA, power factor 0.7 (lead or lag)
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