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1 GENERAL

This commissioning and periodic maintenance testing instruction document is a generic
one and well applicable for any manufacturer’s protection relay featuring an intermittent

earth fault protection function.

The aim of the performed secondary testing is to verify that the set intermittent earth fault
protection function trips only the faulty feeder in a set operate time and that the function
will not cause nuisance starts or trips on background network feeder faults. Testing should
also confirm that intermittent earth fault function does not interfere the operation of the
regular non-intermittent directional or non-directional earth fault protection in case of non-
intermittent earth faults and that the set operation time of intermittent earth fault function
does not exceed operation time of busbar residual voltage protection. Additionally proper
coordination with other protection functions and especially with the mentioned busbar

residual voltage protection function shall be ensured.

This instruction contains two attached folders with simulated transient earth faults on small
and medium sized medium voltage networks (PKVerkko) and transient faults on large

network (Isoverkko).
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2 PROTECTION SETTINGS AND CORDINATION WITH OTHER
PROTECTION STAGES

The intermittent earth fault protection shall be cordinated with busbar residual voltage
protection in such a way that in case of intermittent earth fault the faulty feeder will be in all
cases tripped by intermittent earth-fault protection function prior to residual voltage
protection function considering a sufficient safety margin as well. On the other hand, since
an intermittent earth fault causes significant network stress the protection trip should be

performed as fast as possible.

The strike through time of an intermittent earth fault in a close to resonance tuned network
sets the limit for the minimum operate time of an intermittent earth fault protection stage.
To ensure a correct protection operation in all cases, the reset time of intermittent earth
fault stage shall be set according to the network in question, to such a level that ensures

that fault has disappeared and no new strike through is expected after set reset time.

The size of the network is a dominant factor in defining the strike through time interval. In
larger network in amperes a less frequent strike troughs can be expected. The following
can be presented as a rule of a thumb: in a small / medium size networks (<60A) aprox .
250 - 350ms strike through interval and in a large network (~100A) aprox. 500ms strike

through interval is expected. As a recommended practice it can be stated that the reset

time of an intermittent earth fault stage should not be set lower than 450ms to obtain a

network independent setting. Using this reset set value one can be sure that function will

not reset too early even in resonance tuned network.

Typically the maximum operate time of the intermittent earth-fault function is dictated by
busbar residual voltage protection. If the residual voltage protection is set to very fast

tripping it may be necessary to prolong the set value of the same. As a recommended

practice it can be stated that the operation time of an intermittent earth fault stage should

be 500ms counting from the first strike through. In this case the protection tripping requires

minimum two strike troughs even in resonance tuned network where strike through

happens less frequently. If the residual voltage protection is set to very fast tripping (<1s) it
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may be necessary to verify the reset value of the residual voltage protection. In no case
shall the residual voltage protection operate time be faster than set intermittent earth fault
operate time plus circuit breaker operate time added with reset time of residual voltage

protection stage.

If an intermittent earth fault protection start is used to block regular non-intermitten
directional earth fault protection, the blocking should be applied for both healthy and faulty
feeder relays. In general, if intermittent earth fault protection is not used to block directional
earth fault protection, it shall be verified that the operate time of regular directional earth
fault protection is longer than set intermittent earth fault protection operate time. It is
recommended to block regular directional earth fault protection only to avoid start events
of directional earth fault protection during intermittent earth faults (if start events are
considered disturbing) or if directional non-intermittent earth fault protection is set to faster

operate time than intermittent earth fault protection.
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3 SECONDARY TESTING

Needed equipment and preliminary data:

- Residual current 10 CT and residual voltage U0 VT ratios of tested feeder

- Size of network in amperes (effects on chosen test files)

- Secondary injection device capable of transplaying at least one current and one
voltage channel of transient file recorded with 20kHz sample rate, as an example
Omicron or Ponovo type of device.

- Intermittent earth fault transient records of faulty feeder and healthy background
network feeder in a close to resonance tuned network as well as strongly over — and
undercompensated networks.

- Non-intermittent earth fault record (or simulation of injection device) of a transient
earth fault (not intermittent earth fault)

Testing should be carried out with at least three different records for both faulty feeder and
for healthy background network feeder cases resulting in a total of six test cases per
feeder for intermittent earth fault and an additional test case for verifying that intermittent
earth fault protection will not react on non-intermittent earth faults. The additional case is

not included in attached files of this document.

Transplay of transient faults can be performed as per following (Omicron):

Open Transplay software:

Update availaple OMICRON
TEST UNIVERSE 121 571 sp 201302
Get Suppart | CustomerArea VAPLOMICION 31 | Wk, OMICFONUS 3.C0M
Test Modules Control Center Setup
22 QuickCMC £ Open Existing Test Document S® Test Set Association
Ramping... ES Open Protection Testing Library % System Settings
" State Sequencer ES Open Generic Template F= License Manager
[ Mew Test Document % Language Selection
|'wy Overcurrent
Test Tools Support
TransPlay Q
@ MWanuals
@ Help
. . &2 Harmonics 4@ Tips & Tricks
Hetwork Simulation... % Binary 1O Monitor ¥ Contacts
J§ Polarity Checker F OMICRON Assist
[& oic Characteristics Grabber Diagnosis & Calibration...
@ What's New
P& AuzDC
Custom
CB Configuration
@ 1990-2012 OMICRON electronies License Infarmation
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Add files to list:

4"|,|".— Test Yiew E=
i —File Propetties———————————
‘ Add to list... gzrr:;:o ) .
Sampliné frequency: Hz

Femoye |

Flay filefs]

MHumber af zamples:
Channels i file:
Channels to play:

Subject:
= Enable trigger I 'I i

r— Ophions
[ Keep converted way files

Mote:

[V Delay time carection

When file is opened a scaling window is presented. Select the channel in which Omicron
injects 10 and UO signals. As the records are scaled to primary values the CT and VT ratios
need to be inputted. As an example, if the VT ratio is 20kV / 100V, the scaling factor
should be set to 200 and if the CT ratio is 100 / 1, the scaling factor should be set to 100.
Additionally injected signal (VIKA or TAUSTA) should be selected. UO signal remains the

same in between test runs.

Comtrade Import
Type Peak / Sait[¢] Phaze Comtrade channel R atio
[votage =] [125 1 [zuoaza =] [200

<honE: |
<hones hal WL
| Currert R I S 1 | tiovike ats x| 100
i Snores -
3 <nones ha Wl
IEurrent j |'|2.5 1 £HoRE: j 1
e <noreEs: -
3 £hones: Il L
IEurrent j |'|2.5 1 LhoneEs j 1
<hones | |
]
£HoRE: N

Cancel

Source file: II::"-.Ll zerzvmatlabhDeskiophGHDTaul_
Help Destination: |C:\lsers\matiabDesktophGEND faul_

Pl

When signals are selected and scaled press ok.
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The loaded transient file can be now seen in Test View

4"-.||'-.- Test Yiew ME &3
— Plaw File[=] — File Properties
Add ta list. M armne: SimZ_2 1. way
Diwration; 1=
Femove Sampling frequency: 20000 Hz
MHumber of zamples: 20000
Play file(z) Channels in file: 2
e Channels to play: ]
: Subject;
L vl g | EMTOC Simudation (1)
_ﬁptg e ted il M ote:
SER EorvETEEETIIES Converted with OMICRON
v Dielay time comrection TransFlay.

By double clicking the file is displayed in wave form

30+~

204

10

oo

A0

20—

a0

UL AL A

Check using the wave form display that the injected signal is within boundaries of the
equipment and that maximum values are not cut out. Using wave form display one can
also verify whether record is for faulty feeder or background feeder. In this particular graph
above the current and voltage transient spikes are of an opposite directions resulting from
faulty feeder case. In case of healthy background feeder the UO an 10 transient spikes
would be of the same direction. (This should be considered also when analyzing relay
disturbance records in real fault situations. When performing these test cases it is

recommended to get disturbance records from the relay and compare played signals to

. recorded signals in order to double check that the wiring is correct).
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Ponovo Power Test software the transplay is done as follows.

OpenTransPlay(4V3l) Power test software

TEETY

’ Test Modules
W% Basic
¥ Protection
& Advanced
0 Special
1Ec 61850
[*] New Modules

§ Setup

g Test Manager

@ Calibration

@ Support

Select the file to be transplayed

s Transient PlayDack(4U;

£ -
o tawlevams_ oests, Zin

r20NOVO

Version 2.2.67

W/ Basic

@ QuickTest{4v,31)

@ QuickTesti4V or BV EI)
W QuickTest(VL-L,31)

& QuickTestiSeguence)

|
| @ Ramp(3l)
{
|
|
|
{
|

) Harmonic
) CBE Operate
@ QuickTestiPower)
& QuickTest{Z | Const)
) QuickTesti7 vV Const)

@ QuickTest(7 7s Const)

W Time

W State Sequence(4y, 31}

9 (26)

W State Sequence(d 5l)

& Mon-electricity Check

NE Sl 5t =
Logkin: | | 2.1_1_326_324_3km ~| & @k B
Hame_~ 2 |- it -| Cortributing a... | +| Album
Channel Select | Sampling Ra(el Edit | Wmngl Qutput Emaryl el
Show Gragh  Channel A Channel B ( Comtrade File
L
7 Wa=t - - ¥ 10
o E| =y [T Delete
7 Ve=( B |y [0 Vmax
Rl E Sy 0 imax
¥ la=( | L= 1.0 1
¥ lb=( E jid 0
P le= = <y [10 ——
o= = =1 ot Flename:  [Si2_1_t.cig =
PT Ratio / CT Ratio / | Files of type: | j Cancel e
A
1
r Setting r Para r Binary
Kl
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Select the channels to play U0 and 10 records according to wiring in place. Scale the

channels according to current and voltage transformers (as per relay settings)

[§ Transient Playback(4U,31)
NR Name Ttem Sel St |~ [ L1/
1| Transient Playhack|Sim2_1_1 DAT e a1

x? MMMA A py JM\M\ NAAA A MM A ‘Mp
o] UUUUUV VY UUUUU AT V 7

(A
zzzzz

Channel Select | Sampling Rate | Edit | Wiring | Output Binary |

Show Graph  Channel A Channel B Comtrade File o g v v v
W va=( [ov |- [ov <]y [tom ADD aren
¥ \b=( [0V |- [ov <y [Tom Delete i~
Fve=( |0V |- [ov =l ¥ [1000  Vmax | 127581 a% |
v (=10 A3 =|- |9V - ¥ ]1000 imax [2.384A

= 2EH
v Qla=( | 0VIKA: A1 ~|- |oa -y froo0 g [oooos
v =04 |- [oa ~|w 1000 o [oooe RF L = i ‘
P 1e=( [0a |- [oa =y o T || | N o o ae O vz
PT Ratid | 20.000Kv 7 | 100.000v TRatio [ 100 s ) i _juttua vissii _1_1_32A_32A_3km\Sim2_1_1.cfy

No. Results

l' Setting [' Para r Binary

[HINT]Move the cursor on the waveform to the desired position and right click the mouse

In boht test equpment (Omicron, Ponovo) the file is now ready to be played.

Use of simulated transient records in secondary tests is recommended practice compared
to use of records obtained from the field testing as the scaling of signals is only performed

in test equipment itself.

Field test data can be also applied for the testing but careful consideration of origin of data
is required. Uncertainties are caused by factors such as equipment used for recording,
network state during recording and whether recoding is from faulty or background feeder
etc. For functional testing a detailed documented simulation data is generic and immune to

e.g. measurement accuracy, analogue to digital conversion etc.

It is surely recommended to perform also field testing for the protection but generally the
selected protection devices should pass all simulated test cases prior to applying them on

expensive field testing. Another reason for usage of simulated test data is that especially in
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regular commissioning or maintenance testing it is unpractical and costly to apply field

tests of all possible networks states.

3.1 CONTENTS OF TEST CASES

All simulations for both types of networks are done in 20kV nominal voltage. All records

contain residual voltage U0 and both faulty feeder and background feeder relay residual

currents 10.

Small and medium size network files

File name Network Network tuning point Fault distance from
size the station
Sim2_1_1.DAT | 32A 98 % 3 km
Sim2_2_2.DAT | 32A 130 % 1 km
Sim2_3_3.DAT | 32A 72 % 50 m

Large network files

File name Network Network tuning point Fault distance from
size the station
Sim1_1_1.DAT | 100A 98 % 3 km
Sim1_2_2.DAT | 100A 130 % 1 km
Sim1_3_3.DAT | 100A 72 % 50 m
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3.2 TESTING OF RELAY IN SMALL AND MEDIUM SIZE NETWORK (< 60A)

Needed files:
PKVerkko folder.
First test case Sim2_1_1.DAT:

Network in close to resonance point, faulty feeder I0VIKA, fault 3km from station.

A OMICRON TransPlay - Signal ¥iew 1: Sim2_1_1.cfg

Fils Window  Help

Add to list
Fiemove P 8im2_2_2.cig
rokty | o na o <] | S , ;
 erstosion B2 | 25, o 00—t SRR, AP AP P
POptons | B ’
I Keep av fles 10
ViV
;Z g A It '
- A, NI A1 i)
) A AV A A R A AR A OO AR AR A pa L
e o [T VY o ([ 1B VTV Vg Ul 1T Ved WV Va7 T
o [ LY paye W
i y i /
For Help, press F1 [ltazot4 1851 2

Actual performance of the relay can be verified using disturbance recorder of the relay.

Disturbance recorder can be triggered e.g. from UO start. The trip time shall be noted.

500 ms 1000 ms 1500 ms

UD({ss)(¥}

500 ms 1000 ms 1500 ms

Digital Plotter

dT=4¢
i—

500 ms 1000 ms 1500 ms
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Needed files:
PKVerkko kansiossa.
Second test case Sim2_1_1.DAT:

Network in close to resonance point, background feeder IOTAUSTA, fault 3km from

NR | Name | Ttem | sel [st]= [ [
1| Transient Playback Sim2_1_1.DAT v @] i 202
e
neze
=7 -
. MMI’H\/\ A M/\f\ AAAAA Mﬂ AAnnan M
UUU U\/UVVV U\j‘ VVV i UUVVUVV A
EXPE
ses
ez
2
s
o)
155
=
<] o
Channel Select |Samphr\g Rate | Edit | Wiring | Output Binary | e -
Show Gragh  Channel A GChannel B Comtrade File o7
W va=( [0V <] [ov <]y [roo0 ADD v -
W o= |0V |- Jov =y [0 Delete a2 -
¥ Ve=( [0V +|- [ov -] [1000 wmax [127.581% 2
V Wz=( |UD: A3 T M 1.000  Imax |1.629A
¥ e |0TAUSTA A2 7] [0A Ay [1o00 . [ooms =1
P o= | 0A Jhd L “|y 11000 . [1o00s e o o5 :
M le=( [oa =] foa =y Jrom ’—1 o || || el n Lo - ] I
FT Ratio | 20,000/ [ 100.000v CTRato | 100 4 [ 1 W  juttua vissii _1_1_32A_22A_3kmASim2_1_1.ctg

It shall be noted from disturbance recorder that relay will not start or trip.

Analog Plotker

15

1
0.5
i}
-0.5
=il
=il

1000 s 1500 ms

UD{ss){¥)

t=509.854

1000 rns 1500 ms

IEF1_TRIP:

0 ms 500 s 1000 ms
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Needed files:
PKVerkko folder.
Third test case Sim2 2 2.DAT:

Strongly over compensated network, faulty feeder IOVIKA, fault 1km from station.

NR | Name | Ttem [ Sel [st]= [
| Transient Playback Sim2_2_2 DAT vie 20 42

Uo{ss){¥)

= M\Kl'

'l||\|| J ’Qﬂ i 'UW W i Wu' | WU" i i'lf‘n"

[| |1

i

|1 H

i

Digital Platker

IEF1_STARTED:
IEF1_STARTFWD
IEF1_STARTREY
IEF1_TRIP
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Needed files:
PKVerkko folder.
Fourth test case Sim2_ 2 2.DAT:

15 (26)

Strongly over compensated network, background fault IOTAUSTA, fault 1km from station.

el ly E 1 i | i
. iR ALARAALAADALAIA A AR ALA A RALALAS ALALR A1
I~ Enable tigger  [£ot Trooer - e 00~ ard PiTAl A B WART LR T el Tat GV Tal PR T IR U
EMTDC_Simulation (1) : | ] f d 4 \
- Dption : ' ! ' :
Mate: A0 -
ke d waufi Converted with OMICRON
~ Dol TransFlay.

3 UD AT A

For Help, press Fi

It shall be noted from disturbance recorder that relay will not start or trip.

11.4.2014 13:06 2

500 ms 1000 ms 1500 ms

UD{ss){¥)

— W’M m'!i'\l ‘M"f" ]Jnli'u‘ﬂhl,h WW‘U"‘ fi 'N"M‘lt"'lt"lﬂhL—*—'-'-'

500 ms 1000 ms 1500 ms

IEF1_TRIR

500 ms 1000 ms 1500 ms
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Needed files:
PKVerkko folder.
Fifth test case Sim2_3 3.DAT:

Strongly under compensated network, fault feeder IOVIKA, fault 50m from station.

{4 oMICRON TransPlay - Signal View 1: 5im2_3_3.cfg
Fle window Help

il mi=] o] 2D

y-!Signal View 1:5im2_3_3.cfg

~Play Fikels) r~File Properi 128
Add to list EOES gam? SimEz_8 2o 30
LIt
Remove S ampling frequency ZDDDDH i
Number of samples: 20000

— | | Channes in e 2 104

Flay fsfs
y—l]l Channess to play 2
Sukject:

- 0
I Enable tigger |Ext Tringer EMTDC_Simulation (1)
- 0
le;:” ened wav fles Nete

LE Converted with OMICRON 204
¥ Delay time corection TransPlay.
an

-100 ~

JUD AT A

For Help, press F1 1142004 [19:09

The protection operate time shall be noted

Analog Platter

500 ms 1000 ms 1500 ms

Ud{ss)(¥)
dT=454 686

e

— |"||]||”r M'

500 ms 1000 ms 1500 ms

IEF1_&
IEF1_STARTF
IEF1_STARTREY

500 ms 1000 ms 1500 s
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Needed files:

PKVerkko folder.

Sixth test case Sim2_3_3.DAT:

Strongly under compensated network, background fault IOTAUSTA, fault 50m from station.

4}~ OMICRON TransPlay - Signal Yiew 1: Sim2_3_3(1).cfg
File ‘Window Help

=l slol ~1-] 36

I Play Fi - File Propertie: WA 4 | S —— | S ——— | S ——— T —— | S —— S ——— | —— | —— | ——
cfg =] | | Name: Sim2_3_3(1 ) wav : : : :

Al Signal View 1: Sim2_3_3(1).cfg

Durtion: 15 20
Hemave 20000 Hz
Mumber of samples: 200100

Plap fs] =1 | | Channels n fle: 2 10 e
Channets to ey 2
I~ Enabl e || 004 - -
WEHOHE | e =1 EMTDC_Simulation (1) :
- | ! ! ! : ! ! Vs
Mate: 1 | N N N N S e -
Converter with IMICRON
TransPlay

FULAZA

Far Help, press F1 [itezoe [twz 4
It shall be noted from disturbance recorder that relay will not start or trip.

analog Flotter

5
0.5
-0.5
- Ez

500 ms 1000 rns 1500 ms
uD({ss){(¥)

U m i Hﬂ}'h | '|[|| N L ||n|||'”'. ||I|‘| 'n'h | l'ﬂl | "F'I | l'rl Hﬂ 'ﬁ'r bl l'“'l P'N'IL'HF [L_

500 ms 1000 ms 1500 ms

IEF1_3START
IEF1_TRIP

500 rns 1000 s 1500 ms
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3.3 TESTING OF RELAY IN LARGE NETWORK (~100A)

Needed files:
Isoverkko folder.
First test case Sim1_1_1.DAT:

~Play Filsfsl———— ~File Propstties

Add to list
FRemove

Play fefs)

Mame Sim1_1_Twav
Duration: 1s
Sampling frequency: 20000 He

Number of samples: 20000
Pt Simil_2_2(1)clg Chanrels in fle H

psint 3 3cfa ||| R whp >

. Sifsfest
™ Enable tigger | Ext Trigoer EMTDC, Simudation (1]

- Options

v 5im1_1_1(1 ).l
vé 5im1_2_2.cfa

Note:
™ Keep converted wav files BT R
IV Delay time correction TransFlay.

TIVIKA: AL A

125 4 :
3L AS A

The protection operate time shall be noted

Analog Plotter

500 ms

uo(ss)(v)

T
S §||||||||l|
llh

i
|

Digital Plotker

IEF1_:

}
f
| IJI

L
|"| tH

flifh

||.| |1| |‘ hl | |L|| |‘| |l| |J| ||| ;hl

1000 ms 1500 ms

1
LT
LT

INREAAR

1 1

1000 ms 1500 ms

IEF1_STARTFY

500 ms

1000 ms 1500 ms

18 (26)
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Needed files:

Isoverkko folder.

Second test case Sim1_1_1.DAT:

Network in close to resonance point, background feeder IOTAUSTA, fault 3km from

station.

A Test View

~File Propeties

eddtolit | [pw sint_1_1.cfg e ST ey
wation s

Sim1_1_1(1).cfa

Sampling fiequency: 20000 Hz
Nurber of samples: 20000
Channelsin il 2
Channels ta play 2

X n Subject
I~ Enable tigger |t Trioger EMTOC. Smulation (1)

Remove

o
Mot
I™ Keep converted wav files PO —
¥ Delay time conection TransFlay.

FUDALA

It shall be noted from disturbance recorder that relay will not start or trip.

Analog Plotter

15

il
05
1]
-0.5
-1
=il

500 ms 1000 ms 1500 ms

U0{ss){¥)

Uﬂ”d

i
Thasq e fmnak
AR ||I|I II|||||“|III fyf
[rUy M |“U“hu
i

.
"

1
IR

500 ms 1000 ms 1500 ms

Digital Plotker

IEF1_STARTED

IEF1_TRIP

0 ms 500 ms 1000 ms 1500 ms
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Needed files:
Isoverkko folder.
Third test case Sim1_2 2.DAT:

Strongly over compensated network, faulty feeder IOVIKA, fault 1km from station.

A Test view
[~ Play Fike[s) Fiopertie
aedtolel - ]| | Neme Siml_2_2 mav
uuuuuuuu 1s
P Sampinghequency: 20000 Hz
Numhel of samp\es 20000

ot Sim1_2_2(1.olg

L 2
Flayfiefe) | Jws simi_z 3cl =] Eh ‘ \ 2
I Ensblewigger [EnTies o] EMTDE Simulaton (1)

R L - RS | =
| T T 3

I Keep canveted wav files Cwe"e A with OMICAON a4
TransPlay

JUDAS A

The protection operate time shall be noted

Analog Plotter

1000 ms 1500 ms

Uo{ss)(¥)
dT=0 dT=496,172 dT=0

: W\”‘ ”'1 j b 'W"dl iluJ'.'ll“h l‘!ﬁ i LM \;'J‘l‘ \wul‘ul'.'l |1]W

1000 ms 1500 ms

1000 ms 1500 ms
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Needed files:
Isoverkko folder.
Fourth test case Sim1_2 2.DAT:

Strongly over compensated network background fault IOTAUSTA, fault 1Tkm from station.

Analog Plotter

1000 rns 1500 s

Uo{ss)(¥)

\‘l i L' lwll i M i i W‘ |'J|u'|{ 'ﬁﬂ 'I'n"\'r

1000 ms 1500 ms

Digital Plotter

IEF1 THF TED»
IEF1_5 D
IEF1_5

. Needed files:
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Isoverkko folder.
Fifth test case Sim1_3 3.DAT:

Strongly under compensated network, fault feeder IOVIKA, fault 50m from station.

Play Filefs]————| -FilePropetties

Addto st vt Sim1_1_1. ,g Hame: Sim1_3_Imar
i Duratian: 1z

Remove Sampling frequency: 20000 Hz
Humbe 20000

Play fefs] Channel 5
Channel 2

e
a
Subject
™ Enable figger | Ext Trigner EMTDC. Simulation (1)

- Opion S
I~ Kesp canverted wav files S —

[V Delay time conection TransPlay

T I0VIRA: AT A

3ULAS A

The protection operate time shall be noted

Analog Plotker

500 ms 1000 ms 1500 ms

Uo{ss){¥)
dT=498.463

ﬁ | V"V'“’" i

'I I I ’l I‘f | r| ”‘i “' | l“ll-l(ll ||"||- i'||u||L||"||“||' "l |Lllﬂll | ||"II lLf'l 'V'u' L'ﬂl'u'r 'lﬂllu'lbll '|I T

500 ms 1000 ms 1500 ms

IEF1_TRIP

0 m: 500 ms 1000 ms 1500 ms

Needed files:
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Isoverkko folder.
Sixth test case Sim1_3_3.DAT:
Strongly under compensated network background fault IOTAUSTA, fault 50m from station.

3UD AT A

It shall be noted from disturbance recorder that relay will not start or trip.

Analog Platker

1500 ms

U0{ssX(¥)

— ] F'| ||L|| i A_

==

1000 ms 1500 ms

Digital Plotker

IEF1_STARTED:
IEF1_STARTFWD:
IEF1_STARTREY
IEF1_TRIP,

0 ms
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3.4 REPORTING RESULTS

Example of succeeded test protocol

Test Test Setting Network Start Trip
no. tuning

1. Fault 3km 500ms 98 % X 498ms
2. Background 500ms 98 % - -

3. Fault Tkm 500ms 130 % X 501ms
4, Background 500ms 130 % - -

5. Fault 50m 500ms 72 % X 484ms
6. Background 500ms 72 % - -

Test report should demonstrate at least that relay operation has been tested with different
fault locations and compensation states. The files attached to this document can be used
to test relay performance in close by and farther away faults in different network resonance
states. When analyzing the results it is recommended to verify disturbance records of each
test case even if relay would operate correctly. Additionally it is worthwhile to verify relay’s
fault registers to confirm that relay operation has been as expected. Example of Arcteq
AQ-F215 type of IED fault records of intermittent earth fault test runs is presented below.

(Faulty feeder and healthy background feeders in turns)
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In general analysis of relay’s performance should be based on following factors:

Relay should operate correctly in three type of cases. The first and commonly most
attention attaining case is the faulty feeder where relay should trip in a set operate time.
Second case is a healthy background feeder where relay should not operate or start
falsely. Third case is a normal non-intermittent earth fault. In this case the intermittent
earth fault stage should not react especially if it is set to block directional earth fault

protection.

If relay starts in background healthy feeder (forward direction) without tripping can this
result be marked as a “start” and it this result does not necessarily mean that settings are
wrong in case starting is relatively short in its duration. In case relay does not operate even
within 1 second (duration of the used records) in case of faulty feeder the result should be
marked as failed. In a case where protection trip is delayed significantly from the set
operate time result should be reported as a serious loss of function, especially if operate
time is close to that set time of busbar residual voltage protection. If protection trip is
delayed so that busbar residual voltage protection would trip prior to intermittent earth fault

function the result should be marked as fail. In case relay trips on healthy background
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feeder measurement the result should be marked as a fail since the protection would de-

energize clearly a healthy part of the network without a reason.

Some functional deficiency cases may be improved by relatively simple setting changes. If
the relay does not perform correctly during testing contact the manufacturer to make sure
of the correct setting of the unit. For contacting the manufacturer it is helpful to load the
disturbance records and setting files to be readily available to the manufacturer. As a
useful additional information be prepared to provide the size of the network in amperes

and the network tuning state on the network in question.

It is good to note that if setting changes are applied to pass one of the above test cases all
cases should be repeated with new settings since all cases should be passed without

change of settings in between tests.




