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Negative Sequence Current as a Breaker Failure Protection for
Medium Voltage Grids

Abstract. This paper focuses on situations in Medium Voltage (MV) grids where a feeder’s breaker failure occurred. This type of fault is quite severe
but well handled in higher voltage systems (high voltage, extra high voltage, etc.), basically in looped grids. However, medium voltage grids were
built in a different way even in terms of protection relay in power systems, automatics and backups. Several cases of a breaker failure situation have
led us to reconsider the existing protection relay scheme used in Zapadoslovenska distribu¢na, a. s. (ZSD) — a distribution system operator. The
paper also provides suggestions for a real operation — principle of a breaker failure protection by coordination is improved.

Streszczenie. W niniejszym artykule skupiono sie na sytuacjach w sieciach $redniego napiecia (SN), w ktérych wystapita awaria wytgcznika linii
zasilajgcej. Ten rodzaj btedu jest do$¢ powazny, ale dobrze obstugiwany w systemach wyzszego napigcia (wysokie napigecie, bardzo wysokie
napiecie itp.), zasadniczo w sieciach zapetlonych. Jednak sieci $redniego napigcia byty budowane w inny sposéb nawet w zakresie zabezpieczen w
uktfadach elektroenergetycznych, automatyki i rezerwowania. Kilka przypadkéw awarii wytgcznikow skfonito nas do ponownego rozwazenia
istniejgcego schematu przekaznika zabezpieczeniowego stosowanego w Zapadoslovenska distribu¢néa, a. s. (ZSD) — operator systemu
dystrybucyjnego. W artykule zawarto réwniez sugestie dotyczgce rzeczywistego dziatania — udoskonalono zasade dziatania zabezpieczenia od
uszkodzenia wytgcznika przez koordynacje. (Prad sktadowej przeciwnej jako zabezpieczenie przed uszkodzeniem wyigcznika w sieciach

Sredniego napiecia)

Keywords: breaker failure (BF), circuit breaker, MV grid, protection relay, busbar, fault, negative sequence, protection relay.

Stowa kluczowe: uszkodzenie wytgcznika, prad sktadowej przeciwne;j.

Introduction

A breaker failure (BF) is considered to be a situation,
where a circuit breaker (CB) nearest to a fault (selectivity)
does not clear the fault for some reason. There may be
several reasons why this happens — CB itself can be
damaged (extinguishing medium changed its properties),
tripping coil is damaged, auxiliary circuits or secondary
circuits encounter a problem — some types of CBs for MV
use electronic mainboards), protection relay that trips the
CB encounters a failure, etc.

Referring to Fig. 1, let us assume, there is a fault
between CB 3 and CB 4. Protective relays associated with
CB 3 and CB 4, determined to detect faults on the line
between these CBs, operate and command CB 3 and CB 4
to trip. In this example, CB 3 fails to interrupt the fault
current. Therefore, all sources that continue to supply the
fault current through CB 3 need to be interrupted. Assuming
sources at stations A and C, CBs 2, 5, and 7 need to be
opened locally, or CBs 1, 6, and 8 would need to be opened
remotely [1]. Major disadvantages in relation to a remote
backup are wider outages (more customers affected),
longer clearing time (also time of voltage dip) but the
greatest advantage is independency. Local backup is
substantially faster but the primary disadvantage of a local
breaker failure protection (BFP) is that it may suffer from a
common-mode failure [1].

Load

Fig.1. BF procedure [1]

BF can be caused by a variety of situations — a failure to
trip or a failure to clear. In the first case, the breaker
contacts do not open after the trip circuit has been
energized by the protection (“stuck breaker”). In the latter
case, the contacts open but the arc is not extinguished and
current continues to flow [1].

Common elements of a BF to interrupt the scheme
include the following [1]:
* Scheme initiation by a breaker trip signal such as a
protective relay that has operated to trip the breaker.
+ Determination that the breaker has tripped successfully
by monitoring reset of an overcurrent element (50BF) that
responds to each measured phase current (50P) and
possibly the sum of these phase currents (50G), monitoring
change in state of the circuit breaker auxiliary contact (52a,
52b or 52aa), or a combination of these methods.
+  Atimer.
+ Some means to trip and block closing of adjacent
breakers.
+ Optional — a separate output contact to issue a re-trip
signal to the circuit breaker before issuing a breaker failure
output with sufficient margin such that successful opening
of the circuit breaker will prevent and undesired BF output.
* Optional — a teleprotection channel to key a direct
transfer trip (DTT) and to cancel reclosing of remote circuit
breakers.
In general, there are several BFP schemes [1]:
+ Basic BF scheme.
+ Basic BF with re-trip logic.
» BF scheme for dual breaker arrangements.
» BF scheme based on 50 BF pickup time.
* BF scheme with two-step timing arrangement.
+ BF initiate seal-in.
+ BF minimal current scheme.
» Dual timer BF scheme with a fast breaker auxiliary
contact and a current detector reset check.
+ Triple timer BF scheme.
» Single-phase tripping, BF, and re-trip logic.
» BF timer bypass scheme.
» Current differential BF protection.
+ Ground fault BF on both a live tank circuit breaker and a
current transformer column failure.
» Series (tandem) breakers.
» BF protection for generator applications.
» Mechanical indication of breaker status (52a).
BF can be a part of [1]:
» Primary protection for an element,
» Feeder, transformer, motor or
protection devices,

transmission line
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» Centralized bus protection devices,
+ Distributed bus protection devices.

Merits, advantages and disadvantages of integrating
BFP with zone protection relays are discussed in [2]. In the
[2] methods to improve the security of BFP are also
reviewed.

Fundamentals of a local and remote backup protection
in combination with real experience from utilities are
discussed in [3]. It is also very important to watch a failure
rate and take measures where it is inevitable. Issue of
reliability characteristics of the 110 kV / MV station and MV
switchgears is presented in [4].

BF Protection by Coordination

Faults occur frequently in MV grids. In general, the
number of faults increases downstream from a transmission
system to a distribution system. Therefore, there is a higher
chance of BF.

Looped grids (HV systems, extra HV systems, etc.)
were built with a different approach for a breaker failure
situation.

The main difference between looped grids and MV grids
may be already apparent. On one hand, there is an
operational difference and on the other hand, there is also a
technological difference. MV grids are operated radially.
Wiring between protection relays is not done like in looped
grids. There are also different types of protection relays
installed — overcurrent instead of distance protections.
Busbar differential protection is also not a common
protection in MV grids. Feeder’'s breaker failure was
historically left just to an overcurrent protection relay
installed to a feeding transformer [5, 6] — a so called
breaker failure protection by coordination. There is one
major drawback in this kind of solution — it may be
impossible for the backup protection relay to see all faults.

Referring to Fig. 2, let us assume, there is a fault on the
feeder with CB4 that has encountered a BF. Backup for this
situation is provided by a protection relay that operates CB1
— in general a transformer’s overcurrent protection relay
installed on MV side. Simplicity is a very significant
advantage in relation to this solution — no extra equipment,
no risk of mis-operation. It is an ultimate protection, which
covers all failures, not just BF (failure of CB, relay, settings,
controls and wiring, etc.). The main disadvantage is speed
—itis a slow type of BF backup.

Tr
CB1
Wil . . . .
CB2 []CB3 CB4
\ Fault

Fig.2. BF procedure in MV grids

It is a common practice for distribution, but typically not
sufficient for transmission. Solutions for transmission were
already mentioned in Introduction. However, the BFP by
coordination can be improved by a negative sequence
current protection.

MV Feeding Transformer’s Neutral Earthing

There is one major aspect that must be specified, which
is HV/MV transformer’s neutral point earthing on the MV
side. Basic types are [7]:

. Isolated

. Solid

. Low impedance

. Resonant (compensated)

MV grids in Europe are not operated as solidly grounded
[8]. This type of operation is very convenient from
economical and maintenance perspective but there is a
very severe impact on reliability indicators SAIDI and SAIFI.
Other types are common for European MV grids, whereas
resonant grounding is very popular indeed. Smaller grids
(low capacitive currents of shunt capacitances) can be
operated as isolated but with grid expand it becomes
meaningless.

Low impedance is mostly used in pure cable grids.
Reason for this is very simple — majority of faults are
permanent (insulation system breakdown of cables),
although there are some pilot projects handling with
resonant grounding even in case of pure cable grids —
further improvement of reliability indicators. A risk of cross-
country fault increases in this case.

Fig. 3 shows how the issue of transformer’s neutral
point earthing is approached in ZSD. There are 3 types of it:
a) Low impedance — low resistance resistor is used.

b) Hybrid — compensated (Petersen coil) and in case of

a ground fault a low impedance resistor is
temporarily switched in parallel to the coil.

c) Compensated — Petersen coil + auxiliary winding

with a secondary resistor.

Type a) is used in pure cable grids. Type b) is used in
grids with majority of cables, but also with some overhead
lines — periphery of cities. Type c¢) could be used in this
case but a primary resistor is kept because a fault location
system used in such grids is based on 10 measurement
used in ring main units — a primary resistor is a very
convenient solution for this method (higher currents during
a 1 phase fault in comparison with a secondary resistor).
Only the currents are measured — a robust and reliable fault
location system used in pure cable grids of ZSD.

There are following basic shunt-type of faults, in relation
to Fig. 3:

* One-phase faults
o Ground faults

a) high current

b) temporary high current

c) low current (operational)
+ Two-phase faults

o Two-phase with ground

o Two-phase

o Cross-country fault
» Three-phase faults.

1

2) |;) N t:)
Fig.3. Transformer’s neutral earthing used in ZSD

Negative Sequence — Symmetrical Components

A very common theory and a tool for mathematical and
graphical interpretation of asymmetrical phasors in three
phase systems is based on symmetrical components. Any
three asymmetrical phasors can be replaced by a system of
symmetrical phasors (sequences) — positive (index 1),
negative (index 2) and zero (index 0) sequence as
illustrated in Fig. 4. Phase A is a base.
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Fig.4. Graphical interpretation of symmetrical components

() T=gTy+al+al)

@ 0 =§(TA +a’Tg +alg)
-1 - -

(3) IO:§(|A+IB+IC)

Equations (1), (2), (3) are derived and considered to be
a final product, especially the Equation (2) is important for
this paper [9].

Analysis of some basic faults mentioned in Chapter Il is
provided for the purpose of the paper. A simplified grid
shown in Fig. 5 is used for the analysis. No load conditions
are assumed in the following theoretical analysis. There is a
general impedance connected between the earth and the
transformer's neutral point, which is explained more
explicitly later. Let us assume that the fault is at the end of
the line. Type of the fault is specified in subchapters.

Transformer Line Load

|  —

Grid’s
Shunt
Impedance

Grounding
Impedance

Fig.5. Simplified MV grid

A. Ground Fault — Low Impedance Grounding

Fig. 6 shows sequence circuits for this case. They are
connected in series on the basis of the fundamental theory.

For analytical and practical purposes, the following
assumptions can be applied — transformer’s sequence
impedances Zr 1, Z12 and Zt can be neglected. Also, line’s
sequence impedances Ziine1, Ziine2 and Zineo Can be
neglected. It's because their values are several times lower
in comparison with resistance of grounding resistor — Rg
(RG >> 7t and Rg >> ZL).

What shouldn’t be neglected in general regarding real
grids is grid’s shunt impedance (mainly a line to ground
capacitance) shown also in Fig. 5. It is apparent from Fig. 6
that the following aspects have impact on I magnitude —
low impedance grounding resistor, resistance of the fault
itself, shunt capacitance of the grid.

Because the distributed capacitive reactances
(impedances) Zshunt,1, Zshunt2 and Zsnunto are very large,
while the series impedance values Zt1, Zt2, Z10, Zline,
Ziine2, Ziineo are very small, thus, practically, Zsnunt1 is
shorted out by Zr1 + Zune1 in the positive sequence
network, and Zsnunt2 is shorted out by Zro + Ziine2 in the
negative sequence network. Since these series impedances

138

are very low (they can be neglected as previously
mentioned), Z1 and Z, approach zero relative to the large
values of Zshunto and Re.

LT_] LT.]!\P 1

Z!\'hlu\t_n

Fig.6. Sequence circuits — ground fault in the grid a)

Moreover, Equations (4), (5) and (6) are derived with the
assumption of no load conditions [9] in the fundamental
theory. Therefore:

- E E
@ hi=lh=lo=g"=">"= 3RZ
1 2 0 3R + G ihunt.O
3RG + ZShunt.O
(5) UIZE _2:0 _OZ—E
6) Ta =31,

If Rr goes to zero, then magnitude of the fault current is:

2 2
() [1e|=+/1Re + 5hunt0

The real fault recorded by the feeder’s protection relay
is shown in Fig. 7 and Fig. 8. The fault was in phase A (in
the diagrams L1 marked in green colour). Sequence
currents are aligned in phase with the faulted phase A as it
is according to the theory. The fault started as a cross-
country fault. It is apparent from Fig. 7 — the short circuit
current went to several kAs but the protection relay of
another feeder cleared it, anyway, after about 60 ms the
fault re-appeared, but this time as a single line-to-ground
fault. The primary resistor used in this grid limits the current
to 600 A.

=iLl =iL2 =iL3

I/A
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\ | \
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/
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Fig.7. Real line-to-ground fault in the grid a) — RMS values
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Fig.8. Real line-to-ground fault in the grid a) — phasor diagram

Pre-fault and fault current conditions are compared in

Table 1, in relation to the real fault depicted in Fig. 7 and
Fig. 8. Highly symmetrical load is apparent.

Table 1. Pre-fault and fault conditions

Current Pre-fault Fault
Ia[A] 55.40° 6902-2°
Is[A] 55,64-120,5° 58,92-124,8°
Ic[A] 55,9,120,8° 48,12127,1°
11[A] 56.,0° 270,-3°
I, [A] 0 2202-1°
Io [A] 0 2102-0,8°

B. Ground Fault — Resonant Grounding

Fig. 9. shows sequence circuits for this case, i. e. the
same connection as in Fig. 6, just a different device
connected to a transformer’s neutral point — adjustable
Petersen coil (Lp) which compensates line to ground
capacitive currents of healthy phases in the location of a
fault. Sequence currents are as follows:

E
3X Lp X Shunt.0

mj

@), =T, =T, =

Z,+Z,+2Z,

3X Lp — ><Shunt.0

The same assumptions and neglections made in ground
fault with low impedance grounding can be applied also in
this case with positive, negative and zero sequence
impedances of a transformer and a line. Equation (5) for
sequence voltages applies also in this case.

If X|_p - XShunt,O = 0, then |1 = |2 = |o = 0. Situation in
compensated grids (resonant grounding) is therefore
different. After decay of transient phenomena, the new
steady-state currents of either healthy or even faulty feeder
have operational values.

It is apparent from Fig. 10 and Fig. 11. In symmetrical
grids, there is almost no I, current (Fig. 11). Fig. 10
illustrates behaviour of currents after a fault in phase A
occurs — the faulted phase A current decreased a bit, the
healthy phase B current increased quite a bit and the
healthy phase C current decreased a bit. The reason
behind this is the following:

+ Phase A system’s capacitance is shortened by a ground
fault, so the corresponding capacitive current goes to
zero.

* There is a shift of healthy phase voltages, the angle
between them is not anymore 120°, but 60° and this fact
causes also shift in capacitive currents. There is also a

change in magnitude of the currents which is V3 higher
than a pre-fault per each phase. Both the angle and the
magnitude depend on the value of Re.

* Ratio between a load and a capacitive current is also
important.

Z-” Zi.me 1

Zshllm 1

Z;, Ziine,
]
'
. o,
31(; Lﬁhllm_f‘ : I ‘{':
‘-
1
?‘T.D ZI_mc'.E}

I‘Shumﬁ

Fig.9. Sequence circuits — ground fault in the grid b)

This fact is apparent even from Table 1. However, it is
less obvious due to the current of the primary resistor.

Throughout the system the distributed capacitance
Xshunt1 and Xshunt2 IS actually parallel with the series
reactances Xr, XiLine @nd so on, so that in the system |4 and
I, are not quite equal to lp in the system [10]. If shunt
impedances of the system are symmetrical, then capacitive
currents of healthy phases do not contribute to I, current.
This is also apparent from Fig. 11.

/A

125

75

25
0.2 0.4 0.6 08 1.0 1.2 14 I.ﬁ“s

Fig.10. Real line-to-ground fault in the grid b) — RMS values

+90°

. iB/
150,0 A '-90°

Fig.11. Real line-to-ground fault in the grid b) — phasor diagram
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However, I, current would appear temporary — after a
primary resistor is switched in parallel with the coil. It is
common for the operation that X, is tuned close to the
resonance.

Therefore, in resonant grounded systems, which are
symmetrical, I, would be very low, almost equal to zero.
Real fault recorded by a feeder’s protection relay is as
follows:

If Rr goes to zero, then the fault current is:

9) e =1R shunt,0 + I'xep + Ix shunt,0

Essentially, the fault current is equal just to resistive
losses of the system’s shunt impedance, however, the coil
must be tuned to resonance. In general, a so called
detuning current can be assumed and then the magnitude
of g is:

2 2
(10) ||F | = \/IR,Shunt,O + | Detuning

Pre-fault and fault current conditions are compared in
Table 2, in relation to the real fault depicted in Fig. 10 and
Fig. 11. Highly symmetrical load is apparent.

Table 2. Pre-fault and fault conditions

Current Pre-fault Fault
Ia[A] 11140° 106.0°
Is[A] 1092-121° 141,-100,8°
Ic[A] 110£120,6° 90,92154,3°
11 [A] 11040° 110217,3°
I, [A] 1,542-6,4° 2215,4°
lo [A] 0,452107,3° 33,12£-91,5°

C. Line-to-Line Fault

Shunt impedances can be neglected for this type of
fault, their contribution to fault current is very small. A fault
between phases B-C is considered. The following
assumptions applies for the fault — 1o = 0, Is = -Ic and U =
Usc (if RF = 0). Therefore, 11 = -l and lp = 0.

Z"J.'.J. Z'Lillu. 1

Fig.12. Sequence circuits — line-to-line fault

Connection of sequence circuits in Fig. 12 corresponds
with the applied assumptions. Equations (11), (12), (13) can
be derived from Fig. 12 and the assumptions applied for this
type of fault:

N Tt o E
Zi+Zy+Rp  Zy 1+ Ziine 1 +Zr 2+ ZLine2 T RF

140

S e
12) I, =—(I,+alg +a°l-)==(alr —a — i
(12) I 3(A B c) 3( B B) J\/5 B
(13) Ty = L (T, + 82Ty + 1) = L @2T, —aTg) = =Ty
3 3 5

Equation (13) shows the major advantage that comes
with negative sequence current protection relay — normal
overcurrent relay must be set up to x.Iy (x.Ig), where x starts
roughly at 1,2. Negative sequence current relay is more
sensitive by a factor of V3.

Real fault recorded by a feeder’s protection relay is as
follows:

I/ A

3000
2000 |

1000
tfs

o -+

Fig.13. Real line-to-line fault — RMS values

+90°
- iC
I
\ -
+180° AN 0°
Pad I1%
iB/

4,0 kA -90°

Fig.14. Real line-to-line fault — phasor diagram

Pre-fault and fault current conditions are compared in
Table 3, regarding the real fault depicted in Fig. 13 and
Fig. 14. Highly symmetrical load is apparent.

Table 3. Pre-fault and fault conditions

Current Pre-fault Fault
Ia[A] 27,440° 70,720°
I [A] 27,-119,1° 36402-133°
Ic[A] 27,12121,3° 34602,48,3°
11[A] 27,220,7° 20802-41,1°
1> [A] 0,282-50° 20202136,3°

It is apparent that |a increased a bit — this is caused by
MV/LV distribution transformers and their windings
connection — Dyn or Yzn is used in grids of ZSD. |Ig| # |I¢|
because of load currents.

Load itself can be quite a significant contributor in
general regarding the magnitude of |, however, it is not the
case with ZSD’s grids — whole lines are built as three-phase
(highly symmetrical shunt impedance / capacitance) and
there is no significant 1-phase or 2-phase load connected to
the MV grid.

There is |2 during cross-country and a two-phase-to-
ground faults. There is no I during a three-phase fault
according to the theory — a symmetrical fault. It is obvious
that I, protection relay can’t be applied as a general solution
according to the theory, but also according to recorded
faults.
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Aspects Influencing I, Magnitude

The following aspects and their influence on I, are
analysed for the purpose of this paper — fault’s resistance
(Re), line’s length and a special case of asymmetrical load
that can occur even in symmetrical grids. Calculations were
carried out in Excel based on equations stated in the
theoretical chapter. Grid’s line-to-line voltage U = 22 kV,
transformer’s Sy = 40 MVA. Current’s base for pu system is
1 KA.

The graph in Fig. 15 shows relation between |l;| and Rr
in grids from Fig. 3 — a) and temporarily in b). Line’s series
impedance was neglected in this calculation. When the ratio
between a grounding resistor and a cable’s impedance is
taken into consideration, then the neglection is acceptable.

It is apparent that I, magnitude drops relatively fast but
one fact must be mentioned — real faults in cable grids and
their Rr are close to 0. In Fig. 15, there are 3 curves in

relation to neutral point resistor's nominal current.
Commonly used values were analysed.
0.6 -

=

=

=

500 600
Rf [Q]
—300A ——600A ——1000A

Fig.15. Influence of fault’s resistance on |l;] — low impedance
grounding

However, line’s impedance shouldn't be neglected in
case of overhead lines. The length of a line is for sure a
limiting factor for I, magnitude in this case. Commonly used
AlFe conductors are included in Table 4, where the
reactance per kilometer was calculated for a typical
conductor arrangement used in MV grids of ZSD.

Table 4. MV AlFe conductors

S [mm?] R [Qkm] X [Qkm™] Z [Qkm]
35 0,778 0,411 0,879,27,85°
42 0,685 0,406 0,796.30,65°
50 0,615 0,403 0,735.33,24°
70 0,434 0,372 0,572,40,6°
110 0,266 0,357 0,445.53,31°
120 0,225 0,354 0,419257,56°
150 0,169 0,342 0,381463,7°
185 0,159 0,34 0,375264,9°

Relation between the length of a line and I, magnitude is
shown in Fig. 16 for a different type of AlFe conductors from
Table 4. Line-to-line fault is assumed at the end of a line.

I/ [pu]

0 - : — —
0 20 40 60 80 100
Length of a line [km]

Fig.16. Influence of the length of a line on |I,|

The graph in Fig. 17 shows relation between |l;| and Rr
on a line with AlIFe 110 — a cross section commonly used in
the main part of a MV line. The length of a line starts at 10
km and goes to 100 km with increment of 10 km.

2.4

L] [pu]

80 100

R [Q]

Fig.17. Influence of Rg on |l

The last analysis deals with the situation which can
cause asymmetrical load conditions even in symmetrical
grids. It is caused by asynchronous closing of contacts in
case of any kind of switchgear used in a grid — a
disconnector, a CB or a load-break switch. We have
encountered situations, especially with load-break switches
mounted to poles, with two contacts closing synchronously
and the third one closing after 1s — this time has been the
maximum that we have experienced in ZSD grid.

These switches are often used during maintenance in a
grid. Therefore, this fact must be taken into consideration
regarding time grading of |, protection relay. A symmetrical
grid with Ia = 12£0° pu, Iz = 12-120° pu and Ic = 12120° pu
is assumed. Closing of a contact in phase C s
asynchronous for this analysis and corresponding I, is
analyzed in Fig. 18.

0.4

0.2

[Lz| [pu]

0.1

0 0.2 0.4 0.6 0.8 1

[Ic| [pu]
Fig.18. Influence of load asymmetry
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Fig.19. Active and reactive power during the fault

Real Fault Before I, Protection Relay Implementation
The cause of the fault was a direct lightning strike to an

overhead line. Direct lightning strikes can be quite easily

confirmed thanks to modern technologies and tools
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provided by meteorological institutes. It was a two-phase
fault. The maximum power achieved during the fault was
Swmax = 23,16 MVA — Fig. 19 and the supplying HV/MV
transformer’s nominal power Sy = 25 MVA. It was literally
just a heavy load for the machine. The fault was cleared
naturally after roughly 40 s because two conductors were
broken and fell to the ground — load side (not towards the
feeding substation), so the arc was extinguished. This is
obviously an unwanted result — the fault itself was there for
such a long time that it caused severe damage to the
equipment of the distribution grid.

Fig. 20. Damage caused to the overhead line after a breaker failure
— 2 downed conductors

Implementation Process
Situation in our grids before implementing the current

negative sequence protection relay was as follows:

+ Backup was handled only by a HV/MV transformer’s
overcurrent relay.

+ Wiring between the protection relays does not support a
similar solution which is used in higher voltage systems.
Rewiring the circuits of relays in all our substations

would be both time and economically consuming.

Implementing the current negative sequence relay required:

» Setting up the function in the existing relays.

» Setting up the signal in a SCADA.

+ Testing the relay.

» Testing the communication to a SCADA and a dispatch
centre.

All the points mentioned above would be mandatory
even in case of rewiring. Thing is that these 4 points were
handled in general by our own staff.

A. Negative Sequence Relay Setup

The most important thing that must not be overlooked
when we implement the | relay is the symmetry of the load
throughout the grid. The maximum |l2| in our grids is 5.78 A,
the relative value is 5.45% (statistical data are from 91
HV/MV transformers). Therefore, ZSD grids can be
considered still very symmetrical. If there is a significant
asymmetrical load connected to a HV/MV transformer in a
grid, then the I, protection relay can be setup just to a
signalization instead of a standard trip function.

What must be considered in general regarding setup of
I, protection relay is the ratio of feeder’s current instrument
transformers and a feeder’s overcurrent protection >
threshold. If there is a situation where some feeders have
different ratios of current instrument transformers compared
to others, then |, protection relay must be activated also on
feeders with higher ratios. This is a precaution for a
situation of a resistive fault that occurred on a feeder with
higher overcurrent I> setup. This can trip a feeding
transformer and it would be considered a false trip.

B. Implementation to Existing Relays
All protection relays used in the grid are digital. Majority

of ZSD MV substations have two main bus-bars. Each bus-

bar has a single supplying transformer (HV/MV). In this
case, there is always one bus coupler (BC). Some
substations are also equipped with bus sectionalizers (one
for each bus), then there are two separate bus couplers.

The new standard of our MV substations (GIS — gas

insulated substation) is — two main bus-bars, two bus-

sectionalizers (with CB) and two bus couplers. Only a few
substations have a single bus-bar and no bus sectionalizer

(BS). The summary of typical cases in ZSD grids is as

follows:

+ Two main buses (two HV/MV transformers) and BCs — I,
function is active in protection relays of transformers
(MV side) and both BCs.

*+ Two main buses (two HV/MV transformers), two BCs
and two BSs — I, function is active in protection relays of
transformers (MV side), BCs and BSs (if these are
equipped with a CB).

* A single bus-bar (one HV/MV transformer) — |, function
is active only in a protection relay of a transformer (MV
side).

* A single bus-bar (one HV/MV transformer) and a BS - I,
function is active in protection relays of a transformer
(MV side) and a BS.

I, protection relays of BCs and BSs are graded from
protection relays of transformers — selectivity. So, in case of
a BF, there is mostly one of the bus switches (BS or BC)
clearing this fault as a backup — only part of a substation
would be affected by an outage. In cases with a single bus
and no BS, the whole bus would be affected by an outage.

Conclusion

BF is a severe type of fault. Not all MV substations and
infrastructure of their protection relays were built in a way
similar to higher voltage level substations (wiring mentioned
in the introduction, or technological perspective -busbar
differential protection). The only backup in case of a breaker
failure was historically left to ordinary overcurrent protection
relays of feeding transformers and bus sectionalizers — a so
called BFP by coordination. The combination of long
overhead lines, a fault at the far end of such an overhead
line and low load conditions (natural behaviour during
nights) can create situations with faulty currents which
cannot be identified as a fault for conventional overcurrent
protection relays (lower values below a threshold). Feeder’s
breaker failure during such conditions is a serious issue.

This paper presents the theoretical analysis combined
with real faults. Aspects affecting |l| are also stated and
analysed. Implementation of I, protection relay considerably
improves the situation. BFP by coordination is improved
due to this solution — the problem with longer lines is
diminished. Response of an operator (at a control room /
dispatch centre) cannot be fast enough for breaker failure
situations. However, it is not a general solution because
there are also symmetrical faults — three-phase faults.
These faults would not be identified by the relay. It is also
important to say that this type of fault is statistically less
occurring. These faults with the conditions already
mentioned — the fault is at the far end of a line, the load
current is low and the total current is below overcurrent
relay’s threshold, would be left just to the operator and
remote control of the CB.
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