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Multifrequency admittance-based earth-fault protection

( “MFADPSDE #67YN”)

Summary Description

The earth faults are the most common fault
types in MV distribution networks, the
demand for the quality and reliability of
supply is constantly rising, ABB R&D
develop the next-generation earth-fault
protection function “MFADPSDE #67YN”
to satisfy the requirement, the new function
that covers all earth fault protection with
high reliability and sensitivity, that is easy to
use and very cost efficient, the detailed

principle will description in the next section.

Function Description

There are a lot of way to detect the
earth-fault, like Fundamental frequency
based, Harmonic based and Transient based.
MFADPSDE is based on multifrequency
neutral admittance measurement, utilizing
cumulative phasor summing technique. This
secure,
earth-fault

concept provides  extremely

dependable and selective
protection also in cases where the residual
quantities are highly distorted and contain
non- fundamental frequency components.

The sensitivity that can be achieved is
comparable with traditional fundamental

frequency based methods such as IoCos /
IoSin (DEFXPTOC #67N), Watt / Varmetric
(WPWDE #32N) and neutral admittance

(EFPADM #21YN), it also can be used as an
DAL E 45

ABB Ltd, EPMV DA, Johnny Sun

alternative  solution to transient or
intermittent function (INTRPTEF #67NIEF).
The operation characteristic is defined by a
tilted operation sector, which is universally
unearthed and

valid for compensated

networks.

1. Operation principle

The operation of MFADPSDE can be
described using a module diagram. All
the modules in the diagram are

explained in the following sections.

1 PEAK_IMND
Tranzkm TR EE ]
cwiacior IR E

GPERATE
ETART

it

Geonzral  ”

AELEASE it
i |

RESET ‘

BLOCK |

Figure 1 Functional module diagram

1.1 General fault criterion

The General fault criterion (GFC) module
monitors the presence of earth fault in the
network and it is based on the value of
the fundamental frequency zero-sequence
voltage defined as the vector sum of
fundamental frequency phase voltage
phasors divided by three,

the formula is as below (equation 1).

Multifrequency admittance-based earth-fault protection ( “MFADPSDE #67YN” )
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| i ] T\,
Uy=(Uy+U, +UL) 13 "
When the magnitude of Uo exceeds
setting Voltage start value, an earth fault
is detected. The GFC module reports the
exceeded value to the Fault direction
determination module and Operation
logic. The reporting is referenced as

General Fault Criterion release.

1.2 Multi-frequency admittance
calculation
Multi-frequency admittance calculation
module calculates neutral admittances
utilising fundamental frequency and the
2nd, 3rd, 5th, 7th and 9th harmonic
components of residual current and
zero-sequence voltage. The following
admittances are calculated, if the
magnitude of a particular harmonic in
residual current and zero-sequence voltage

are measurable by the IED.
Fundamental frequency admittance

(conductance and susceptance)

The formula is as below (equation 2).

) = — =G, +j-B
-y
ooy The fundamental frequency neutral admittance phasor.
¥,
1 il 1 it
“u The fundamental frequency zero-sequence current phasor (=4 ‘;.1 ¥ “M + “:' )/3)
= P e e
Uy The fur frequency q @ voltage phasor (=W +U+UC)I3)
(%)
The fundamental frequency conductance, "
1
1
B, Im [Y, )
The fundamental frequency susceptance,

Harmonic susceptance

The formula is as below (equation 3).

Multifrequency admittance-based earth-fault protection ( “MFADPSDE #67YN” )

- 317
lm[YU"J =Im l:—_“} =j-B
—U,

wheren=2,3,5,7and 9

——  The nth harmonic frequency neutral admittance phasor.
—.  The nth harmonic frequency zero-sequence current phasor.

—— The nth harmonic frequency zero-sequence voltage phasor.

)

m(
The nth harmonic frequency susceptance,

For fault direction determination, the
fundamental frequency admittance and
harmonic susceptances are summed together

in phasor format. The result is the sum

admittance phasor defined as below
(equation 4).
— —_— — 9
Y osum = Re [Y(,' ] +j lm[yf} +Y Yﬂ”—‘ =G'+j-B,
........................ (4)

1.3 Fault direction determination
If an earth fault is detected by the GFC
module, the fault direction is evaluated

based on the calculated sum admittance

phasor Youn  obtained  from  the

Multi-frequency  admittance  calculation
module. To obtain dependable and secure
fault direction determination regardless of
the fault type (transient, intermittent,
restriking, permanent, high or low ohmic),
the fault direction is calculated using a
special filtering algorithm, Cumulative
Phasor Summing (CPS) technique. This
filtering method is advantageous during
transient, intermittent and restriking earth
faults with dominantly non-sinusoidal or
transient content. It is equally valid during
continuous(stable) earth faults.

The concept of CPS is illustrated in Figure 2.
DAL E € TIAS Y



It is the result of adding values of the
measured sum admittance phasors together
in phasor format in chronological order

during the fault. Using the discrete sum

admittance phasors Yes in different time

instants  (tl1...t5), the  corresponding
accumulated sum  admittance  phasor
?r}srmi_ CPS is

calculated (equation 5). This phasor is used
as directional phasor in determining the

direction of the fault.

Y osun_cps (1)) = ?....-.n.-(r, )

Y osn_cps (£3) = ¥ asan (1,) + ¥ asaan (1)

?r—.ﬂml _CPs {f_-; )= ?rr.ﬂr.lrl ”I )+ ?--snm (f: )+ Fru‘lml (1)

Y anen ¢85 () = ¥ onan G} £ X aoon (83) - F ooaa (55 V£ ¥ s (5
Y onmn_cps (t5) = ¥ wam (£, )+ X asuon (25) + ¥ s (8,) + ¥ anan (2,) + ¥ csun (1)
TIm

aedNEod §

OSCILLATING DISCRETE
PHASORS

STABLE CUMULATIVE PHASOR
CALCULATED WITH CP5-TECHNIQUE

Figure 2  Principle of Cumulative Phasor
Summing (CPS)

The CPS

directional

technique provides a stable

phasor  quantity  despite
individual phasors varying in magnitude and
phase angle in time due to a non-stable fault

type such as restriking or intermittent earth

TALE €45
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This is

components included in the sum admittance

fault. also true for harmonic
phasor. Harmonics have typically a highly
fluctuating character.

In Figure 3, phasors 1...4 demonstrate the
behavior of the directional phasor in
different network fault conditions.

e Phasor 1

accumulated sum admittance phasor in case

depicts the direction of
of earth fault outside the protected feeder
(assuming that the admittance of the
protected feeder is dominantly capacitive).
The result is valid regardless of the fault
type (low ohmic, high(er) ohmic, permanent,
intermittent or restriking). In

case harmonic components are present in the
fault quantities, they would turn the

phasor align to the negative m(¥o) axis.

* Phasor 2 depicts the direction of
accumulated sum admittance phasor in case
of earth fault inside the protected feeder
when the network is unearthed. The result is
also valid in compensated networks when
there are harmonic components present in
the fault quantities (typically low ohmic
permanent or intermittent or restriking fault).
In this case, the result is valid regardless of
network’s actual compensation degree.
Harmonics would turn the phasor align to
the positive Im(Yo) axis.

* Phasors 3 and 4 depict the direction of
accumulated sum admittance phasor in

case of higher-ohmic earth fault in the
protected feeder without harmonics in the
fault quantities when the network is
compensated. As no harmonic components
are present, the phase angle of the
accumulated phasor is determined by the

compensation degree of the network. With

Multifrequency admittance-based earth-fault protection ( “MFADPSDE #67YN” )
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high degree of overcompensation, the phasor

turns towards the negative Im(Yo) axis

(as phasor 4).

REVERSE

REVERSE 7

Tt angie
B0 deg

Figure 3 Directional characteristic of
MFADPSDE

1.4 Earth-fault protection in
compensated networks
* Earth-fault protection measures
during healthy state, the residual current and
voltage are (typically) very small.
(Illustrated in Figure 4)

L1LzLs

v

Capacitive current
Inductive current

™ Rasistive current PN BB n F T_ 2 ‘]
. Ia
v .—_| —_| l—_| o
i =k Rl (| F [+ G
=] ] S .' q
- ) > E
il M o
i SR
I *|| I
L '___ER . R i
+Uo con g | P FAULT LOCATION,
........... ) . phase L1
Petersen Parallel Lt
coil resistor T n L2

{ i
Ely = b ~sorywmet sabn T T I P

Figure 4 Earth-fault protection measures

during healthy state

» Earth-fault protection measures during
fault, Residual current Io measured at the
beginning of a healthy feeder equals the
earth fault

current produced by the

phase-to-earth admittances of that feeder,

Multifrequency admittance-based earth-fault protection ( “MFADPSDE #67YN” )

practical magnitude depends on the cable
km in feeder. It is dominantly capacitive and
flows from line towards busbar. (Illustrated

in Figure 5, Figure 6)

*  Capacifive current >

Indugtive curmant
A
*  Resistve current H

¥ = o
L 1 1 . 12
* u L3
pp— L R [EL @—_L c.
- .- s |
-_ - * 4 +

—

4 i

t L u

[ o i

Ti=1 1l |

£ 5

+Uo L.uu‘ﬂ|]_ﬁ Lol ¢ " FauLtLocaTion,

phase L1

| Pefersen Parallol ——1— L4 L1
col | rossto +—F 7, T8 &

. AT P
| J 3 §

Figure 5 Earth-fault protection measures
during fault (HEALTHY FEEDER)

Fim(L)

Re(l.)

—QO

R

Figure 6 Io phasor of HEALTHY FEEDER
during earth-fault

+ Residual current lo measured at the
beginning of a faulty feeder is affected by
the inductive current of the coil (ASC) i.e.
compensation degree. The inductive current
of the coil (ASC) is ONLY seen in the faulty
feeder, also the additional resistive current
of the parallel resistor is only measured at
the faulty feeder.

(Illustrated in Figure 7)
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Figure 7 Earth-fault protection measures
during fault (FAULT FEEDER)

e Coil is disconnected and the network
(isolated

neutral), the earth-fault current is determined

becomes unearthed network
by the total phase-to-earth admittances
(capacitances) of the network. In unearthed
network residual current Io measured at the
beginning of a faulty feeder is dominantly

capacitive.

It is due to phase-to-earth admittances of the
“background network”. It flows from busbar
towards line.

(Illustrated in Figure 8, Figure 9)

LiLzL3

* Capacitive current
Inductive current
*  Resistive current

110206y
B
- -
et
UNEARTHED

NEUTRAL
POINT

B
500V

; :

+Uo | ;_,l-[|4par 4 B sciiicn =
I ; L1
Petersen (| Paratiel o u

coil resistor 2 i
T T L3 i
=1, il

P

Sne

Figure 8 Earth-fault protection measures
during fault (Coil is disconnected
and the network becomes

unearthed network)
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1, pime.)

Figure 9 Io phasor of FAULT FEEDER
during earth-fault (Coil is
disconnected and the network

becomes unearthed network)

* In unearthed network residual currents Io
measured at the beginning of a faulty and
healthy feeders are both dominantly
capacitive, but their direction is opposite
(~180 apart), it is easy to discrimination
based on the reactive part of lo.

(Illustrated in Figure 10)

Iy
I, r m(l,)
~ || FAULTY

CPERATE

SEQOR
— A Rel)
| Uo
| I.,l HEALTHY

Figure 10 lo phasor status during

earth-fault In unearthed network

* I[f compensation coils is connected and

the coil current is gradually increased,
phasor will gradually turns in same direction
as in healthy feeder, when it become to
overcompensated state: earth-fault current
has inductive and resistive component. In
compensated network residual currents Io
measured at the beginning of a faulty and
healthy feeders are seen similarly, the

reactive part. Discrimination must be based

Multifrequency admittance-based earth-fault protection ( “MFADPSDE #67YN” )
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on the resistive part, reliable detection

requires typically additional resistive
component from parallel resistor.
(Illustrated in Figure 11, Figure 12)
1213
*  Capacifive curent =
Inductive current .
*  Resistve current fi T =
v ———u
11020k =L RU_'__L u — J_: Ca
i —— o
COMPENSATED 3 ‘ o
STATE i P]
h] 12
t v L3
[ 3 y L=k | l | 2 3
+Uo Lcn;‘sl"' 4 ]_" m;'l;DC.::‘I'ION ...............
Polorsen | S -—g_ 7 '1 |
s ,'7 TTF

- N

Figure 11  Earth-fault protection measures
during fault (compensation coils is
connected and become to

overcompensated state)

———————————————————————————————

HOLD3S
IALYHIJO
Y

HEALTHY L,

Figure 12 lo phasor of Earth-fault
protection measures during

fault in overcompensated state

2. Transient detector

The Transient detector module is used for
detecting transients in the residual current

and  zero-sequence  voltage
Whenever transient is detected, this is
indicated with the PEAK_IND output. When

the number of detected transients equals or

signals.

exceeds the Peak counter limit setting

(without the function being reset, depending

Multifrequency admittance-based earth-fault protection ( “MFADPSDE #67YN” )

on the drop-off time set with the Reset delay
time setting), INTR_EF output is activated.
The operation of the transient detector is
illustrated in Figure

13.

iWrM\. ; ‘Wl'i."r‘“"” .t‘lwcl,m,..:. 1’{‘\%\..-,.._
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PEAK_IND I

-

i i
| ! i T =
Fssot aviny g | ! ) || Aaet duiay time
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i i
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Figure 13 ransient by PEAK_IND output
and detection of restriking
orintermittent earth fault by
INTR_EF output (setting Peak

counter limit = 3)

2.1 Operation logic
MFADPSDE
modes selected with setting Operation
mode:“General EF”, “Alarming EF”’ and
“Intermittent EF”.

supports three operation

“General EF” is
applicable in all kinds of earth faults in

e QOperation mode

unearthed and compensated networks.

In “General EF” mode, the operate timer is
started in the following conditions.
(Illustrated in Figure 14)

Earth-fault is detected by the General Fault Criterion (GFC)

Fault direction equals Directional mode setting

Estimated stabilized fundamental frequency residual current exceeds the set Min
operate current level

=
3

g €458
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Figure 14 Opemtzon in “General EF”

mode

* Operation mode “Alarming EF” is
applicable in all kinds of earth faults in
unearthed and compensated networks, where
fault detection is only alarming.

In “Alarming EF” mode, the operate timer is
started during the following conditions.
(Illustrated in Figure 15)

Earth-fault is detected by the General Fault Criterion (GFC)

Fault direction equals Directional mode sctting

Estimated stabilized fund tal frequency residual current exceeds the set Min
aperate current level

- ---Mwm»-rﬂwm \ﬂww —

\
i: i ; ‘i

GFC
release

Operate
timer

Reset timer

[
OPERATE : |=

Pl dhalay i
Starf dalay fimy St ciy Sene

Figure 15 Operation in “Alarming EF”

mode
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* Operation mode “Intermittent EF’ is

dedicated for detecting restriking or
intermittent earth faults. A required number
of intermittent earth fault transients set with
the Peak counter limit setting must be
detected for operation.

In the “Intermittent EF” mode, the operate
timer is started when the following
conditions are met.

(Illustrated in Figure 16)

Transient is detected by the Transient detector (indicated with PEAK IND
output)

Earth fault is detected by the GFC at time of transient

Fault direction equals Directional mode setting

Estimated stabilized fundamental frequency residual current exceeds the set Min
operate current level

PEAK_IND l

GFC

release

! [
Operate -7 ] .'
timer ' _——f“‘—"/ff | | -’7
Reset timer /

INTR_EF

\

\

!

START }
|

OPERATE }
T

Figure 16 Opemtion in “Intermittent EF”

Resnd iy b Cpacats aatay ime

mode, Peak counter limit = 3

Summary

MFADPSDE provides selective directional
earth-fault protection for high-impedance
earthed networks, that is, for compensated,
unearthed and high resistance earthed
systems. It can be applied for the earth-fault
protection of overhead lines and

underground cables.

Multifrequency admittance-based earth-fault protection ( “MFADPSDE #67YN” )
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The operation of MFADPSDE is based on
multi-frequency neutral admittance
measurement utilizing cumulative phasor
summing technique. This concept provides
extremely secure, dependable and selective
earth-fault protection also in cases where the
residual quantities are highly distorted and
contain non-fundamental frequency
components. MFADPSDE is well-suited for
compensated networks where measurement
signals may have such characteristics, for
example, during intermittent earth faults.

MFADPSDE is capable of operating with
both low ohmic and higher ohmic earth
faults, where the sensitivity limit is defined
with residual overvoltage condition. This
allows earth faults with several kilohms of
fault resistance to be detected in a
symmetrical system. The sensitivity that can
be achieved is comparable with

traditional fundamental frequency based
methods such as the IoCos/IoSin
(DEFXPTOC), Watt/Varmetric (WPWDE)
and neutral admittance (EFPADM).

MFADPSDE is capable of detecting faults
with dominantly fundamental frequency
content as well as transient, intermittent or
restriking earth faults. MFADPSDE can be
used as an alternative solution to transient or
intermittent function INTRPTEF.

MFADPSDE
indication

supports  Fault direction
in operate and non-operate
direction which may be utilized during fault
inbuilt
detector can be used to identify restriking or
intermittent earth faults, and discriminate

location process. The transient

them from permanent or continuous earth
faults.

Multifrequency admittance-based earth-fault protection ( “MFADPSDE #67YN” )

The direction of MFADPSDE can be set as
forward or reverse. The operation
characteristic is defined by a tilted operation
sector, which is universally valid both in
unearthed and compensated networks. The
tilt of the operation sector should be selected
based on the measurement errors of the
applied residual current and voltage
measurement transformers.
The operating time characteristic is
according to the definite time (DT).

The function contains a  blocking
functionality to block function outputs,
timers or the function itself.

MFADPSDE supports both tripping and
alarming mode of operation. For alarming

earth-fault  protection
function contains

application, the
a dedicated operation
mode.

MFADPSDE  provides
sensitivity of protection with a single
function. This enables simpler
implementation of protection schemes as
separate fault type dedicated earth-fault
functions and coordination between them
are not necessarily required. Other
MFADPSDE  includes
versatile applicability, good selectivity, good

reliability  and

advantages  of
sensitivity and easy setting principles.

One instance (stage) of MFADPSDE

function is available.

Reference:

1. ABB Document - IMRS757644

2. ANSVIEEE C37.2

3. EARTH FAULT SEMINAR, 2017 by
Ari Wahlroos. Senior Principal Engineer,
ABB Oy, Finland
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