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What is a fault?

In the context of this lecture, a fault is:

“a low-resistance connection between two points in an electric circuit through
which the current tends to flow rather than along the Intended path”

Faults are characterized by:
-Their nature

Typical examples: 1-phase / 2-phase / 3-phase, phase-to-phase / phase-to-
ground, metallic / with arc resistance, transient / permanent

-Their cause
Typical examples: lightning strokes, equipment failure, human errors ...
-Their consequences

Direct consequences are low voltage(s) and / or high current(s)
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Typical example

1-phase fault on a overhead line
resulting from a lightning strike

: 7N NS ’AVJ‘
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Surge arrester
.

Goal: stop the propagation of the overvoltage wave travelling on the transmission line

kv A o éclateur & pointes e = 350 mm
300 + K4 essais effectués en onde 1,2/ 50
F;
;g T { points d'amorgage
*
800+ A v, tracé théorique de la courbe de tension -
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R amorgage amorgage
ﬁ‘_ -
500 + - caractéristique tension / temps
400 +
300 4
200 - T
100
1 T T T T T T T T -
0 0,5 1 15 2 25 3 35 4 us

fig. 22 : comportement d'un éclafeur 4 pointes, en choc de foudre normalisé, en fonction de la
valeur de créte.
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Typical example

1-phase fault on a overhead line
resulting from a lightning strike

Transformator Transformator
Driehoek - Ster Ster - Driehoek
MS-net

HS-net
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Typical example

1-phase fault on a overhead line
resulting from a lightning strike

Transformator Transformator
Driehoek - Ster Ster - Driehoek

2 kA HSnet 2 kA
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12 kA
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What is a fault?

Type of faults registered on the 380 kV between 2006 and 2014

2%

7%

m Phase-ground
m Biphase-ground
Triphase
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What is a fault?

Faults restistance values registered on the 380 kV between 2008 and 2014
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What is a fault?

Faults can also have important impacts:

- Safety

https://www.youtube.com/watch?v=YPsALFWtuqgY

- Thermal effects on equipment, with risk of damage / destructions

https://www.youtube.com/watch?v=D8EQPx-ptKk

- Mechanical efforts on equipment, with risk of damage / destructions

https://www.youtube.com/watch?v=2i8D N1v0OtU

- System instability

- Customers installations / processes (power quality / voltage dips)

Once a fault happens, it must be eliminated as fast as possible

“7elia 11 14
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What is a protection system?

A protection system is the set of equipment and
functions aimed at detecting a fault and tripping the
network component where this fault is located.

Main components of a protection system:

. Measurement transformers: Current Transformers
(CTs) and Voltage Transformers (VTs)

e  Protection function(s): makes the decision to trip
the circuit breaker from CTs and VTs
measurements

e  Circuit breaker: trips the network component and
interrupts the shortcircuit current

This lecture is limited to equipment protections (system
protections are not considered)
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What is a protection system?

A protection system does not only relate to one bay, but to a set of bays through
appropriate coordination of the corresponding protection functions
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Measurement transformers

Measurement transformers are devices designed to provide in their
secondary coil a signal proportional to the voltage or current in its primary

side

Voltage transformer

Can introduce measurement errors but cannot saturate (low voltage during
faults)

Current transformer

Can introduce measurement errors and saturate (large current measured

during fault)

Saturation must be avoided during the time required by the protection to
make the decision to trip, through appropriate design of the CT (max lcc,

burden on secondary side, precision class) prmary curen

AAAAN

Secondary current .
Residual flux = 0 T 14
Resistive burden AKJ/e 1d 14
Power system T.C. = 0.05s
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Circuit breakers

Circuit breakers are devices designed to energize / trip network components, with
the possibility to interrupt shortcircuit currents.

Main characteristics of a circuit breaker:

- Nominal voltage

- Shortcircuit current

- Medium used for arc extinction: SF6, vacuum, air blast, CO2 ...
- Max It allowed

- Speed of operation




Characteristics of protections

Protection systems can be characterized with the following attributes:

- Dependability: « A dependable protection is one that always operates for conditions
for which it is designed to operate » [3]

- Security: « A secure protection is one that will not operate for conditions for which it
is not intended to operate » [3]

Dependability enhancement leads to Security worsening, and Security enhancement
leads to Dependability worsening

Circuit breaker Circuit breaker 2 protection functions:
- more Dependable
f f t o
Protection funct. (PF) P.F. 1 pF2 | -  -DbutlessSecure
f f f
CTs, VTs CTs, VTs

[3] “The Electrical Engineering Handbook”, IEEE press, pp 1270
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Characteristics of protections

- Reliability: the protection system is both dependable and secure, according to
the level of dependability and security for which it has been designed

- Selectivity of a protection system: the circuit breakers that must be tripped to
eliminate the fault are the only ones to be tripped

Selectivity OK Selectivity NOK

[ H |—D L H
ot ot
A e A

Tripped CB Tripped CB

- Speed: relates to the time needed by the protection system to eliminate the
fault

“7elia 17 17



Main type of protection functions

Most usual protection functions used in TSO application:

Distance protection function (see next slides)

Differential protection function (see next slides)

Under/overcurrent protection function

Under/overvoltage protection function

Nowadays, protection functions are implemented through numerical relays.
Several protection functions can be used in the same physical device.

::U;

o [HTRE FITEERE

- -
-

J

Fig. 7/41
SIPROTEC 4

75D52/53 differential protection relay -
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Protection system design

e

Designing a protection system consists in deciding which protection functions and devices

must be implemented at the various substations / bays in order to fulfill the requirements

stated in the grid code (see below), while ensuring a good level of selectivity and reliablity.

LIJNEN, KABELS, TRANSFORMATOREN * RAILFOUT
: - Weigering | Weigering Reserve Réserve volgend ’ - —_—
Spﬂ'jl',g',:j%' PBasis E‘l:fgﬁ';”ﬂ Verm. Vernt. volgende railstel Her ]J'Efc'ﬂ:ﬂl.(ﬁ“”“ Basis RP?{E; ' Pj E:]ml de
v {ms] e Schakel Schakel lijan/kabel {ims) -mS-J fms) P-llm- °
1 £ fout meerf, If fout | meerf. | 1f fout | meerf. If fout | meerf.
LIGINES, CABLES, TRANSFO * DEFAUT JEUX DE EARRES
. Réserve Réserve jeux : -
Niveau de Refus Refus Refus L AT Réenclenchement Réserve
tension ]ﬁﬂs‘:f Protect Dis). Dis. hgj 'Eﬁ{_ﬁmﬂe de ba '.E;?]:.L”\ ants ligne El?]sf du couplage
kv (ms) (ms) (ms) (ms) il11;] ) (ms) L) (ms)
def. def. def. def. - Paly- def. deéf.
TG poly Moo poly ' phasé mono. poly
380 100 100 300 170 1000 500 250 1 10 100 2510 170
220 120 120 1000 B0 600 l e 100 00 300
150 120 120 1000 a0 600 1 H 100 00 300
7l 120* 2250 1000 a0 600 e G00
36 120 2250 1200 1200 1200 H G0
0 120 2250 1200 1200 1200 e G00
15 1100 3100 1800 1800 e 1800
12 1100 3100 1800 1800 e 1800
10 1100 3100 1800 1800 e 1800
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Differential protection

First Kirchoff law: at any node in an electrical circuit, the sum of currents flowing into
that node is equal to the sum of currents flowing out of that node

If the sum of all currents is not O, there is a fault at the node

Application to overhead lines (shunt capacitors neglected):

11 12

I — — I No fault: 11 +12=0
11 12

| —» ¢ - Fault: 11 +12#0

“6lia
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Differential protection

1

I .
Fault < aiff

No fault

12
—»

1
—»
—
L
Current .
TTrlp
measurament
SR TaE
of . fi== -
Bidirectional communication
channel
8.00
Tripping area
w
N
4.00 & o
:Jb:‘sj-’; /( j/
SIF7 y’
S8
. &
2008 &7 g
Q 5 / Blocking area
;L ama /4= 4.0 ;
>/ 1, = 02> g
0.00 2.00 4.00 6.00 8.00
—>

I.ctah

{}
Trip T Current

measuremeant

-]

Lirr = | + Ll

Istab = 0,5'1_1 _ I_Zl

Why stabilizing current and 2-
slopes characteristic?

Shunt capacitors
On-load tap changers
CTs errors

CTs saturation
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Telecommunication typical implementation

Poste A : Poste B
. . . FORX I FORX
3-end line differential ens o0 E > i o ™
protection with direct P541/P542 O e ™ P541/P542
communication through o EI% | ;'j romx

dedicated optical fiber

+ toute autre alternative

o = électrique pour une liaison
E 3 s o optique
P541/P542
Poste C
|
Poste A ; Poste B
Acces |
709 (max. 300m) G703 (max. 300y 2-end line differential
| protection with
; communication
TX RX I TX RX
P521/P54x ' P521/P54x through TDM
Fou 2 | > Fo-RX (« Access ») network
Aiols SO (R | O —
RX I RX
FO multimode | FO multimode

S50¥125um (max. 1km)

50/M125um (max, 1km)

£ 78lia
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Differential protection a

Differential principle applied to lines, cables, transfos and busbars

Main characteristics:
- Naturally selective

- Dependability and security barely dependant from network environment
(short-circuits power at different ends, direct and zero-sequence
impedances ...)

- Requires CTs compatibility at all ends

- Requires permanent communication between the different ends (with
symetrical paths)

- Differential protections must be replaced at all ends at the same time (no
interoperability between different manufacturers / generations of devices)

L7glia 24



Distance protection

<l

V, I
—
N / s
| ¥ |
3-ph fault without
arc resistance
1IN LN Z4
A |
vV Fault
\7 _with Zd proportional to Conclusion: measurement of local
— = Zd the distance between the voltages and currents allows to
| busbar and the place of estimate the distance to the fault

the fault
LRla 25



Distance protection

F

n Locate Zd in the Z, R plane

1

n From V and |, calculate Zd

ZOMNE 3

ZOME P {Pregrammakle]

IOME 2

ZOMETX /

!

OME 1

RI1GJ RIG J RoG J RIG J RSG

.

! ZOME P Reverse

26



Distance protection

Each zone is characterized by:

ZOME P {Programmable]

o Resistance and reactance limits

e Direction (forward / reverse) /
e Time delay ‘

RG J RIC JBSG
! ZOMEP Reverse
ZIOME 4

Zone 1: identification of a fault on the line, reactance limit usually set to 80% of
the direct impedance of the line. Instantaneous tripping (decision after 30 ms)

Zone 2: backup for next forward busbar (busbar fault or circuit breaker failure in
the corresponding bays). Reactance limit usually set to 120% of the direct
impedance of the line. Typical Tripping time: 500 ms.

Zone 3: backup for next forward lines. Reactance limit usually set to cover the
longest line. Typical tripping time: 900 ms.

“7elia 27



Distance protection

Impact of fault resistance for 3-phase faults

T l T Z. I
1, <d 1, L e
A A |
vV v Ry

IOME 3
\7 —_— I_ ZOME P [Programmable)
I I /_ ME 13X
Impedanceto  Error one /
measure 'l!ZDNEPR;werse " A
/ ones |

“78lia 28



Distance protection

Impact of fault resistance for 1-phase faults

I
1, a

A ;
Impedance to
measure

_:Z_—I—- =
k) —IFK— 1+k,

Error

<l

11

The value of KO must be provided to the
relay in order to compensate its effect

i Z, Iq
—> — <«
A L
vV Ry
7 Iy
<— ]
e
Zt - koZd

IONME 3

L

! ZOMEP Revarse
IOME 4
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Distance protection

Distance principle applied to lines, cables, transformers

Main characteristics:

- Selectivity eached through distance protection settings coordination in
various bays

- Dependability and security strongly dependent from network environment
(short-circuits power at different ends, kO factor, fault resistance ...)

- Does not requires CTs compatibility at all ends

- Requires communication between different ends (only if POTT logic
applied, see next slides)

- Distance protections must not be identical at all ends

L7&la 30



Telecommunication infrastructure requirements

HV line or cable

Communication

.
]
channel : : H
: ........ : Breaker
:
1 (] .
1]
L)
L

: L]
- -

L}
.
.
L]
.
.
:
:
Communication performances !
objectives : Distance refay
v Or
Protections performances ' urrent differential relz
objectives i
.
] >
Fault clearing time Teloprotection
objectives Outside relay

Fault clearing time objective at 380 kV: 100 ms (CB time included)

Performance target for communication channel:
100 — 40 (CB time) — 40 (prot. decision) — 15 (converter) =5 ms

Other constraints: asymmetry on communication paths < 0,3 ms (current

differential protection)
Lxlia 3



Telecommunication infrasructure overview

PROXIMUS
NETWORK

______________________________________________

TELEPHONY SCADA

1
1
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1 I
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: 4 % | L]
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1
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1
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| 2
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_____________________________________________

Optical

Radio
Optical Optical

TELEPHONY SCADA
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1 =
| 3me
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Protection system design

distance protection

LIJNEN, KABELS, TRANSFOR

REN *

RAILFOUT

Spannings | o | Weigering V‘Tgﬁ””g “EE‘;":'IJ.”S &Il\qis\[ﬂgem\) Herinschakeling | | Reserve van de
”[leﬁj (ms) B E\"ﬁ#ﬁmg Schakel Schakel : ( i 1.5.] J u[c||111[5]]u n {ms) ko ?EEI]J ng
{ms) (ms) (ms)
1 £ fout meetf. 1£. fout | meerf. | 1f fout | meerf. If fout | meerf.
LIGNES, CABLES, TRANSFO * DEFAUT JEUX DE BARRES
Nawde | floe | s || Rlus |l lgne i | de b st Rlandadnent | pog, | Rise
(kV) s {ms) {ms) (ms) SL[UIEEJH 1.|11.s.] fms) (ms) {ms)
def. def. dléf. déf. Paly- déf. déf.
mono paly mono poly | ™ | phasé mono. | poly
380 100 100 300 170 1000 500 250 1 10 100 250 170
220 120 120 1000 600 Il 1 " 100 300 300
150 120 120 1000 600 Il 1 " 100 300 300
70 120* 2250 1000 600 Il - " 600
36 120 2250 1200 1200 1200 - " 600
30 120 2250 1200 1200 1200 - " 600
15 1100 3100 1800 1800 - e 1800
12 1100 3100 1800 1800 - " 1800
10 1100 3100 1800 1800 - e 1800

One of the protections must be a

Two independant protections = priority to dependability

Consistent with N-1 criterium

“glia 34
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Protection schemel50 / 220 / 380 interconnection link

Backward <—1— Forward P| P1 protection = distance protection with
(BW) : (FW) POTT teleprotection logic (see next
o1 o1 slides)
g I?E)I—_r ____________ 9 A P2 protection = line differential protection
- &
150 kV Lijn
Communication channels:
/1 A
=) P9 « Distance protection: one for POTT logic

« Line differential protection: one for
transmission of currents measurements



Protection schemel50 / 220 / 380 interconnection link

Distance protection = zones definition

Z3(A)
[ Z2(A) t3
t2 900 ms
Z1(A)
I[ t1 = 0“ 500 ms
A B c
[, |P P 9
— I 2\ \ \ \ ._|
Yy v 2 \[&
F1 F2 F3 <| 4 -
Z2(B)
2 21@) For this fault: tripping after 550 ms if
t1=0" ~the line differential protection is not

In operation = not consistent with
grid code requirement S



POTT logic

POTT = Protective Overreach Transfer Trip

t=0ms

[ ZTPR(B)

______________________

ZTPR(A)

X F~

1 Tx

g 37



POTT logic

Distance protection on
B side detects the fault
in TPR zone

Sending of the
corresponding TPR
signal to A side

t =30 ms

o b 21, ____zw)
A |> A <| B
POTT
4
/ I
ZTPR(B) }"zi(aj""""""""“i
ZTPR(A) T Tx o\, 1 Tx 4-[ ZTPR(B)
\31/
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POTT logic $

The TPR signal arrives to A
side, where the distance |
|

: Z1(A) |
protection has also T - "EEE— | = ZT;R(A) |
detected the fault in TPR P 5 6ﬁ_____:-_:_ 9
zone from t = 30 ms A
I—‘ 7 ‘—l—
= tripping decision without Vi) "zi(a‘}““““““““‘*i
| '

waiting unitl t2

t =50 ms ZTPR(A) T TX F~ 1 Tx 4-[ ZTPR(B)
\\\ ///
/)(\

—OkTia 39




Circuit breaker trips on

B side

Y S — Z1(A) ZreR(A) |
A = B
Py porT T 3
1‘ 1
T
[ZTPR(B) e |
t =80 ms

i 40



Circuit breaker trips on

A side

o1 I _________________ Z1(A) | 7reR(A) |
A B
‘ Py port T 3 ‘
] |
[ ZTPR(B) ze !
t =100 ms

—gia 41



Telecommunication typical implementation

Poste A Poste B
2-end line |
te.Iepr(.)tectlon Téléprotection Fogfggp";:de Teéléprotection
with direct 7XVEBE3 (usque 80Kkm) 7XV5653
communication 0BAOO | 0BAQO
h h FO-RY ™ Siemens s 1 s Siemens = FOmRY
t rO.Ug . o TXV5461-0BX00 >|< TXV5AB1-0Bx00 Forx
dedicated optical RX I RX
; FO multimode ‘ -
fiber Sonam | Foﬁ&nrétéﬂde
(max. 1.2km) | (max. 1.2km)
Poste A T Poste B

....... ‘\U i BELGACOM |_|\

I

2-end teleprotection
with communication
through TDM

(« Access ») /
Proximus network

X.21 (max. 20m) X271 (max. 20m)

Téléprotection Téléprotection
7XV5653 — ' = 7XV5653
OBADO | 0OBAOO
TH ) . ) ™=
FO-RX Siemens | Siemens FO-RX
TXVEEB2-DAADT TXVEGRE2-DAADT
FO-TX . FO-TX
RX l R
FO multimode . FO multimode

50/125pum
(max. 1.2km)

50/125pm
{max. 1.2km)

42



Autoreclose function

The autoreclose function is an automatism aimed at reclosing the line as fast as possible
(short delay) once the fault has been eliminated, in order to maximize its availability

Justification:

» Most of the faults on overhead lines are not permanent (typical example: lightning
strikes), they disappear after arc extinction

« This function is particularly useful during thunderstorms (several trippings in short
periods of time)

Principles:
* Only one tentative is allowed. If the fault is still present, definitive 3-ph tripping of the line.

* From 150 kV to 380 kV:

« 1-phase fault: 1-phase tripping, followed by a 1-phase autoreclose attempt

« 2- and 3-phase faults: 3-phase tripping followed by a 3-phase autoreclose attempt

* No autoreclose function on cables, transformers and busbars (most of the time:
permanent fault)

L a 43



Autoreclose function

_ 30 — 36 KV 70 — 110 KV 150 — 220 kV 380 KV

None

1-phase fault
3-phase fault

None

None

Half-fast (1 — 1,5s)

of slow (10 s)
Through “send —
couple” logic

Half-fast (1 — 1,55s)
of slow (10 s)
Through “send —
couple” logic

LIINEN, KABELS, TRANSFORMATOREN * RAILFOUT
Spannings. | | Wagarng | VG| WS | B | RSTRORE | Henschaelng | g | Resevevande
niveal g | Bevelliging | qoel | Schakel | Hjn/kabel (ms) uchtlin (ms) koppeling
(kW) (ms {ms) ms) (ms) e {ms) {ms)
IEfout | meed I fout | meert. | 16 fout | meer, I£ fout | meert.
LIGNES, CABLES, TRANSFO * DEFAUT JEUX DE BARRES
/N IE
Réserve Réserve jeux .
Niveau de Refus Refus Refus ) enclencheme Réserve
tension ?;55 Pratect Dis% Dis% llgﬁi;i?le de ban'(er;;ui\rams ligne ?;fi du couglage
(kV) {ms) ims ims (ms) i {ims) fms
déf. déf. déf. déf. Faly- def. déf.
mono paly mono | poly | ™" | phasé mono, | poly
280 100 100 300 170 1000 500 250 1 10 100 250 170
220 120 120 1000 B0 600 l e 100 300 300
150 120 120 1000 B0 600 1 y 100 300 300
0 120 2250 1000 B0 600 e GO0
36 120 2250 1200 1200 1200 e 600
30 120 2250 1200 1200 1200 e GO0
15 1100 3100 1800 1800 e 1800
12 1100 3100 1800 1800 e 1800
10 1100 3100 1800 1800 e 1800

Half-fast (1 — 1,5s)
of slow (10 s)
Through “send —
couple” logic.

* Transformator : spanningsniveau = nominale maximumspanning
van de transformator

*Voor de lijnen geldt deze waarde voor het uiteinde het dichtst bi
de fout; voor het andere ulteinde wordt een afschakeltijd van 500 ms
toegelaten

** Te bepalen door de netbeheerder in functie van de regelingspa-
rameters van de beveiligingen van nabije Installatles

0ok toepasbaar voor fout tussen stroomtransformator en
vermogenschakelaar

Opmerking: Alle opgegeven tijden zijn de maximaal toegelaten
waarden.



Send — couple logic %

«  Only used with manual closing and 3—phase autoreclose function, in order to prevent
false parallels

* Implemented through synchrocheck function

« Before transmitting the closing order to the circuit breaker, the synchrocheck checks that
one of the following conditions is fulfilled:

«  Send condition: voltage on busbar side, no voltage on line side

«  Couple condition: voltage on both sides of the circuit breakers, with the following
condition simultaneously met:

- AU<10%
- Ap <20°
- Af<20mHz

(i 45



lllustration on 3¢ autreclose

t=0ms P
DV ()
2¢ of 3¢
fault f
DV (D
A f—

A A7a 46



t 30 ms

Trip
protection

2¢ of 3¢
fault

¥'s WEY



lllustration on 3¢ autreclose

_ 150 kV
t =80 ms B e
Fault v &
eliminated

0KV

oV
A

150 kV

A Aia 48




lllustration on 3¢ autreclose

t=1s A Each end of the line must be
DV; assigned to “send” or “couple”

Autoreclose [ Synchrocheck

FF' — 1“3_ s 0
> ] -
FA Start 3o ™1 U<iine
]
; 3 Couple [15s © Synchro-
Trip 3¢ - — ™ check
Spanning T ov () Close CB p p -
Sturen
A y—
150 kV

g 49



lllustration on 3¢ autreclose

t=15s

Couple

150 kV
I

ov () Koppelen

oY

ov ()

150 kV

Autoreclose [ Synchrocheck

- 1‘3_ 1s 0
—_..—
— -
Send 15 il U= bus
Start 3 y —q ’ U= line
‘——.-—‘—
; 3 @ 15s 0 Synchro-

Trip 3¢ | — check
Close CB - - -




lllustration on 1¢ autreclose

4
(=0ms =

v QOO

S ONON0)
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lllustration on 1¢ autreclose

B
4
8
t=30 ms " »
Tri DV e
|ot i ON() Trip
rotections
P ol 8l 12 phase4

Phase 4

hase 4 |-,
o QPP P —1 &
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lllustration on 1¢ autreclose

t =80 ms

Fault
eliminated

OkV

D O

12

D O
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lllustration on 1¢ autreclose

Autoreclose [ Synchrocheck

B
: P — . 1“’. > s 0 |
t=1s 12 Start 1o —
Send 15 il U= bus
-  — ™1 U<iine
Autoreclose at v OO QO —
: 3up Couple [15s 0 Synchro-
- Trip o ] I-—|I B check
both sides -
41 8] 12 Close CB - - -
Autoreclose | Synchrocheck
Ty s 0
P _.'_L——I-—Q———I-— —
Start Lo —
Dv () () () A - Send s 0], | U>bus
— U< line
‘_
4 i 3 Couple  [15s © Synchro-
12 Close CB - - -
A




Implementation
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sl |

TNTSrod

G208
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Vue avant porte enlevée Vue avant porte enlevée
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Busbar and circuit breaker failure protection

One main protection is sufficient to cover busbar faults

Backup protections provided by distance protections

e 150 kV —380 kV: all
substations equippd with
busbar and CB failure
protections

 30kV-110kV: 2-busbar
substations equipped with
busbar and CB failure
protections

)

¥

The CB failure protection is implemented

in the busbar protection

- JHBHRLKABELS, TRANSFORMATORE N S RAILFOUT
g | gy | Moo (e | VN B (B ) o ‘5 i
(V) {ms) (ms) ‘ SI:[||1?5IEEJ Sc[lll?slﬁel JJJg|[1|,1f1|;?beJ s (ms) (ms) ()
| f. fout meerf, 1f. fout | meerf. | If fout | meerf, 1£. fout | meerf,
SIS, CABLES, TRANSFO * DEFAUT JEUX DE BARRES
Ve | || R | B e | s | Remn | e | R
(k) \ms) {ms) {ms) (ms) SL[HI:E.J”[ l‘|1.1.5.] fms) (ms) (ms)
léf. def. léf. déf. | oo | Paly déf. déf.
mono poly mono poly phasé mono. | poly
380 100 100 300 170 1000 500 250 1 10 100 250 170
220 120 120 1000 600 600 1 " 100 300 300
150 120 120 1000 600 600 1 " 100 300 300
10 120+ 2250 1000 600 00 " 600
16 120 2250 1200 1200 1200 " 600
0 120 2250 1200 1200 1200 " 600
15 100 3100 1800 1800 " 1800
12 100 3100 1800 1800 " 1800
10 100 3100 1800 1800 " 1800
“glia 57 57



Busbar protection principle

Main protection = differential protection

Each busbar is equipped with it own differential function, in order to trip only one busbar
in case of fault

Each differential function must know at each time which bay is connected to which

busbar

Example: fault F1 on R1

t=0ms

AR1

A R2

F1

\IX Maxwell 150 kV
R1
R2

(Ta 58



Busbar protection principle

t~10to 20 ms

3-phase trip of
R1 differential

protection
F1
Maxwell 150 kV
ART||AR2

R1
R2

R Tia 59



Busbar protection principle $
|

t ~ 60 to 70ms

Fault
eliminated

Maxwell 150 kV
ARI||AR2 R1
R2

73 60



Busbar protection principle

» During the transfer of one bay from one busbar to the other (both disconnectors closed),
there is only one differential function that protects both busbars

* In case of a busbar fault at that moment: both busbars are tripped

Fault F1 on R1:

F1

Maxwell 150 kV

ariflare| R1
3 &

/R

! SR SR2

i

‘ D

R — . 561
gTia



Busbar protection principle

R1 R? 1000"
If the busbar protection is out t Z2, 500" Z3
of service, the fault will be A 71.41=0" 7TPR
eliminated by the distance » ._t
protections o
Z2, 500"
ZTPR Z1,t1=0" T
Z2, 500"
21,11 20" ‘
= =9 1000"
t 22, 500" 23
: T Z1,11=0" 7108
Coordination of the distance
protection of the coupler with
the distance protection of the
lines is critical to optimize the
security of the protection | p |
Zsg | 250"

system

i 62



Busbar protection principle - illustration
150 kV net
Ampére
150kv | ¢-6—>
t=0ms Joule 150 kv
| Ho—
= Fault F1 Lijn 150 kv C } 150 kvnet
Kabel 150 kV
o4
F J
(V0]
Maxwell 150 kV ¢ ? Trafo 150/70 KV (E'
in aftakking
O -ej- na
Gauss 70 kV

Lijn 150 kV

0] Coulomb 150 KV () :

| Generator 150 kV

. Klantinstallatie

Distributienet

DNB

o]

“elia



Busbar protectlon prln(:lple - illustration

t =250 ms

Tripping of
the
coupler

(

)

150 kV net

Ampére
150kV | ¢-6—>
Joule 150 kV
o] M
Lijn 150 kV C $ 150KV nel
Kabel 150 kV
-9
]\’X 1] 4
O O
Maxwell 150 kV $ Trafo 150/70 kV {'
I I in aftakking
Gauss 70 kV
Lijn 150 kV TRIP :
T 1" """ 1
- - Maxwell 15 kV

Coulomb 150 kV Q)

Distributienet!

DNB |
' Generator 150 kV Cee

. Klantinstallatie |

“elia



Busbar protection principle - illustration

(*) tripping initiated by the

Distributienet!

150 kV net
Ampére
150kV | ¢-6—>
t =500 ms Joule 150 KV
; | rHo—
Tripping Lijn 150 kV C 1 150KV net
through Kabel 150 kV
zone 2 of o CD""
distance ]\[\' .)) TRIP |
protections Maxwell 150 kv =% * Trafo 150/70 KV (E'
in aftakking
) 7| Qv L(DJ
. (*)
Gauss 70 kV
Lijn 150 kV |
: TR - — - Maxwell 15 kV
TRIP | : j
: : N
0] Coulomb 150 kV i i i
| |
I | \
| | |

: DNB | opening of the CB on
|Generat0r150 kvi o \ primary side

“Jelia 65



Busbar protection principle - illustration

t=550ms
(

Fault

elimination

D

150 kV net

]

Kabel 150 kV

Joule 150 kV

Lijn 150 kV

Ampére
160 kV

ro—
Ho—

150 kV net

o149

TRIP

Maxwell 150 kV :'

Lijn 150 kV

TRIP

Coulomb 150 kV

O

|
| Generator 150 kV i

Distributienet!

DNB |

TRIP

Trafo 150/70 kV

in aftakking

c[“'

Gauss 70 kV

(*) tripping initiated by the
opening of the CB on

primary side

£78(7a 66



Busbar protection principle - illustration

150 kV net

Ampére
150kv | ¢-6—>
t=5" Joule 150 kV
; | Ho—
n 5, ] 150KV net
N
Kabel 150 kV
3|
|
(OJ0)
Maxwel 150 kvV =% * Trafo 150/70 kV
in aftakking
O TRIP(*) I_a)_r
Gauss 70 kV
Lijn 150 KV |
r ' """ !
| *
; TRIP(¥) oo Maxwell 15 KV
! i :
| | N
()] Coulomb 150 kV i - ‘ @
1 ‘ I
; ! \ !
! I ‘ H 1 1 l . - -
| : }D'S“E]bﬁge“et{ (*) tripping through clearing
| Generator 150 KV e function (automatism)

. Klantinstallatie |

Oetia o7



Busbar protection principle - illustration

150 kV net

Ampeére
150kvV | ¢-6—>
t=57" Joule 150 kV
; | Ho—
Lin 130 kV C 1 150kvnet
Kabel 150 kV
(D-o
O O 1
Maxwell 150 kv =% ? Trafo 150/70 kV
in aftakking
05 Lo
Gauss 70 kV
Lijn 150 kV
r ‘ “““ ! (*) IN
! |~ Maxwell 15 kV
2 I
. (*) circuit breaker clausing

i though fast transfer function

Distributienet| (automatism)
DNB |

Lgtia o8



Circult breaker failure without CB falilure protection

150 kV net

Ampére
150kvV | ¢-6—>
t=0” Joule 150 kV
| Ho—
= Fault F Lijn 150 kV O } 150 kvnet
Kabel 150 kV

Maxwell 150 kV ¢

O[]

B i
Trafo 150/70 kV {'

in aftakking

Gauss 70 kV

Lijn 150 kV
M r—1"""""" |
[

F ; —mmmm= Maxwell 15 KV

0g

|
|
|
l
®  Coulomb 150KV i
|
|
|
|

Distributienet
DNB

| Generator 150 kV

. Klantinstallatie
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Circuit breaker failure without CB failure protection

t=120MS

Circuit breaker
failure (no tripping) |

150 kV net

Lijn 150 kV

F

Coulomb 150 kV

)

Ampére
150kV | -6—>
Joule 150 kV
I Ho—
il C 1 150KV et
Kabel 150 kV
S
|
(O
Maxwell 150 kV ¢ ? Trafo 150/70 KV (E'
| in aftakki
/ () ) e "
Gauss 70 kV

o]

Distributienet
DNB |

Lgtia 70



Circuit breaker failure without CB failure protection

150 kV net

Ampére
150KV | ¢-6—>
t ~ 1000 ms Joule 150 kV
:; | Ho—
Tripping Lijn 150 KV (D—- 50V e
through Kabel 150 kV
zone 2 or CD'“
zone 3 of )) |
distance Maxwell 150 kV ¢ * Trafo 150/70 KV (E'
' in aftakking
protections ceraiure O _e_r
Gauss 70 kV
Lijn 150 kV J
! __________ I
Fl — === Maxwell 15 kV
| NE
0] Coulomb 150 kV i

|

|

I

Distributienet
DNB

“8lia 71



Circuit breaker failure without CB failure protection

150 kV net

Distributienst

Ampére
150kv | ¢-6—>
t~ 1050 ms Joule 150 kV
6 Ay tro—
Fa-tul-t Lijn 150 KV (D—-' 150 KV net
eliminated Kabel 150 kV o
Both .
busbars 0 O A
lost due to Maxwell 150 kv =% * Trafo 150/70 kV E
. : in aftakking

the failure CB failure @[] —e—r
of a single Gauss 70 kV
equipment HnORC Y |

| ' ~~1 Maxwell 15 KV

I i ;

| : ;I
() Coulomb 150 kV [ :

i i

| !

! !

i DNB |
i Generator 150 kVi1 o ___ H

| Klantinstallatie |




CB fallure protection principle

The tripping signal issued by bay protections is sent to the circuit breaker and to the CB

failure protection at the same time

If current is still flowing through the CB 170 ms after the fault occurence, the other bays

connected to the same busbar are tripped

Consequence: the CB failure protection is implemented in the busbar protection

Beveiligingskast

Veld 5 Kast rails- en backupbeveiliging

I_ ''''''''' A [ ''''''''''''''''''''''' =

' |

| :

Veld1 Veld2 Veld3 Veldd Veld5 | e i ' — M 170ms |

I. F" 1 4 b L. |= | |

Fout l SRR |

I ! I 8 t 0 :

| ! i I i

K O Q Tl L :

| - Trip = start |

X X D — < :

(:) — e oo e | L et _
Trip door backu
. I\ p p

LRTia 73



CB failure protection principle

' Generator 150 kV

' Klantinstallatie

150 kV net
Ampeére
_ 150kv | $-0—>
t=0ms Joule 150 KV
. ‘ rHo—
Fault Lijn 150 kV all  tsovne
NS
Kabel 150 kV
om |
Backup -8
O O Maxwell 150 kV
:‘ * Trafo 150/70 kV
in aftakking
El ()] _e_r
Gauss 70 kV
Lijn 150 kv |
I |
1 A~ FR— , Maxwell 15 kV
| |
[E | 1 . @ ;_r
| | |
(@ Coulomb 150 kV O i | ]
3 | : ;
| | | |
| ! Distributienet!
‘ . ' DNB |

LgTia



t=30ms

Trip issued

by bay

protections

CB failure protection principle

150 kV net

Ampeére
150kv | -6—>
Joule 150 kV
T 1
Lijn 150 kV A 150 kV net
o149
Kabel 150 kV o
' ]
N
Start
a1 Backup O (¢ Maxwell 150 kV 1
:. © Trafo 150/70 kV
Trip | in aftakkin
|:| Ollsc ' g
A i
Gauss 70 kV

Lijn 150 kV

)

=]

*

\ J
w
)
o
-
=
=

Start

rJ

Distributienet

enerator 150 kV
" Klantinstallatie

i Maxwell 15 kV

o]

DNB

o]

“78ia



CB failure protection principle

CB failure

CB tripped

150 kV net

Distributienet

DNB

enerator 150 kV

~ Klantinstallatie |

Ampeére
150kv | -0—>
Joule 150 kV
=) 1
Lijn 150 KV ald 150 kV net
NS
Kabel 150 kV a
9
S
Start
A _»!  Backup O O Maxwell 150 kV 1
-9 4 Trafo 150/70 kY
Trip | in aftakking
AllA
EI i Gauss 70 kV
Lijn 150 kV | ;
————————————— 1 Maxwell 15 kV
_ .
o]
D 150 kV

“78ia



No current

CB failure —

CB failure protection principle

150 kV

net

Ampeére
150kv | -6—>
Joule 150 kV
T 1
Lijn 150 kV A 150 kV net
o149
Kabel 150 kV o
' ]
N
Start
a1 Backup O O Maxwell 150 kV 1
:. © Trafo 150/70 kV
Trip | in aftakkin
|:| Ollsc ' g
A i
Gauss 70 kV

Lijn 150 kV

protection
reset

O 150kv

------------- i Maxwell 15 kV

o]

Distributienet

DNB

—oenerator 150 kV

~ Klantinstallatie |

o]

“78ia



CB failure protection principle

t =200 ms

(170 ms
after start
back-up):
trip to
other bays

Coulomb
O 150kv

150 kV net
Ampeére
150kV | ¢-6—>»
Joule 150 kV
I tHo—
Lin 150 €V A 150 KV net
19
Kabel 150 kV ~
9
— at
Start |  Backup Trip L 4
| O O Maxwell 150 KV
3 ’ Trafo 150/70 kV
Trip | in aftakkin
T ()llsc \ 9
AllA
EI . Gauss 70 kV
Lijn 150 kV e ; |

]

|
|
|
|
|
|
|
:
}
: Distributienet
‘ DNB
' Generator 150 kV

' Klantinstallatie

------------- i Maxwell 15 kV

o]

“elia



CB failure protection principle

150 kV net

Ampeére
150KV | ¢-6—>
t=250 ms Joule 150 KV
ny Ho
Faul )
elailrl; itnated e o4  150kVnet
Kabel 150 kV
om |
Backup -8
O O Maxwell 150 kV
2 ? Trafo 150/70 kV
in aftakkin
() g
&G n
Gauss 70 kV
Lin 150kV | - , ; |
: : ------------- i Maxwell 15 kV
| |
| | .
Coulomb E : ! | |
O 150kv | i ! i ;-‘
| | |
— ‘ | | :
| | | i
} | Distributienet!
| i . DNB |
' Generator 150 kV | b i

' Klantinstallatie

“78ia
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Protection system design

One of the protections must

be a distance protection

LIINEN, KABELS, TRANSFORMATOREN * RAILFOUT
Spannings- Basis Weigering W%greﬂng “E.}egrerﬂng »%Eeiﬁe éserr';?l;glaﬁ\’ Herinschakeling Basis Reserve van de
e B“’ﬁﬁgm Schakel | Schakel | g kabel () “'Eﬂ]il“ (ms) k”%gl‘zl]mg
{ms) (ms) (ms) =
1 £ fout meerf. 1£. fout | meerf. | 1f fout | meerf. If. fout | meerf.
LIGNES, CABLES, TRANSFO * DEFAUT JEUX DE BARRES
- Réserve Réserve jeux . P
Ntle\'f]?i"é lfe Base %eifsus %Eif;'s ligne/cble | de barres suivants Reenclleigﬁg.enlem Base df‘ce;ﬁ”l;ge
(kW) (ms] [1n$ [ms% SLEﬁ]m [.11:].53] (ms) (ms) {ms
def. def. dléf. déf. — déf. déf.
meno paly mono | poly * | phasé mono. | poly
380 100 100 300 170 1000 500 250 1 10 100 250 170
220 120 120 1000 600 Il 1 " 100 300 300
150 120 120 1000 600 Il 1 " 100 300 300
70 120* 2250 1000 600 Il " 600
36 120 2250 1200 1200 1200 " 600
30 120 2250 1200 1200 1200 " 600
15 1100 3100 1800 1800 e 1800
12 1100 3100 1800 1800 " 1800
10 1100 3100 1800 1800 e 1800

Two independant protections for each part of the

protection zone = priority to dependability

Consistent with N-1 criterium Ve

o}

lia 82



Transformer protection principle

« Distance protections on primary side of the
transformer: one zone to detect F1 fault, one zone to
detect busbar fault on primary side

71 Zp

| 500 ms 0O ms
|

P1
= Fjgg}.T 3 PL * Internal protection of the transformer (Buchholz): only
i é Ag able to detect internal faults through oil move detection
Dc O de (F2)
« Distance protections on secondary side of the
F2 AT transformer: one zone to detect F3 fault, one zone to
P2 detect busbar fault on secondary side

Differentia protection (able to detect F1, F2 and F3 faults)

(Ta 83



IV

:“i s .i:;
- i, l"f

\/

.?.\/_'



il

Double busbar one breaker substation arrangement

One circuit breaker for each bay (<1CB Double Bus System
IEI{ZT
Main advantages: S Isolator

Main drawbacks

- >
Any bay can be connected to any

busbar without loss of supply < | >
", " i . - -
Lo | | (I
Cost
% Bus %
! Coupler

;
7

LRlia 85

~
%
Loss of supply in case of busbar
fault

Loss of supply during circuit M
breaker maintenance

Disconnector operation needed
to supply any bay from the other
busbar



1

One and Half substation arrangement z

3 circuit breakers used to feed 2 bays = 1,5 One & Half Breaker Bus System

circuit breaker for each bay XICB
. 2CT ‘ Bus
Main advantages: hi Isolator N e
e No loss of supply in case of busbar : +
fault B
s
. &
e No loss of supply during circuit
breaker maintenance | /- |
( I
e No disconnector operation needed to l v
supply any bay from the other busbar Feeder 1 Feeder 2

Main drawbacks :
e  Cost (more circuit breakers)

e  Complexity of protections and relaying

L7&la 86



Ring bus substation arrangement

ol

No « classical » busbar, ring topology
Main advantages:

e  No loss of supply during circuit
breaker maintenance

Main drawbacks :
e Difficult to extend with a new bay

e  Very bad reliability if one circuit
breaker is out of operation

Ring Bus System
x]cs —
=0T T ir{_._:l Transformer
~=. Isolator T

e
. .

—

1 "|' Feeder

),
) v

i

o

LoglHa 87



Sequence to switch one bay from busbar 1 to busbar 2

(<]CB Double Bus System

Close the CB of the bus coupler =0T
and block any tripping { lsolator
Close disconnector to busbar 2 Lo » BB1
Open disconnector to busbar 1 - * BB2
Release CB of the bus coupler T “x o s s

| BLOCKED!! _] J

—d—

% Bus % %
T Coupler v

‘@é’ lfa 88



Sequence to switch one bay from busbar 1 to busbar 2

(<]CB Double Bus System
=CT
HL Isolator
Close disconnector to busbar 2 - » BB1
- * BB2
", c & -
| T BLOCKED! ;_] KJ
—Wi—

% Bus % %
T Coupler v

Ll 89



Sequence to switch one bay from busbar 1 to busbar 2

(<]CB Double Bus System
Close the CB of the bus coupler =0T
and block any tripping d 1solator
Close disconnector to busbar 2 < » BB1
Open disconnector to busbar 1 -« » BB2
Release CB of the bus coupler T - f_”]’ fj
—

% Bus % %
T Coupler v

Ll 90



Sequence to switch one bay from busbar 1 to busbar 2

<]CB Double Bus System
Close the CB of the bus coupler SCT
and block any tripping { |solator
Close disconnector to busbar 2 Lo » BB1
Open disconnector to busbar 1 - | * BB2
Release CB of the bus coupler “I”*_‘x [ 59“.“ f_"l"' i

L
% ; ngjpler % )i
v \

NS IR 91
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Transformer 150/70 kV teed on 150 KV interconnection line %

Interconnection 150 kV

\ 8 Busbar150 kV
Db ~ |
N

150 kV

A Da
Busbar 150 kV C 9

150 kV A
N
Dc dc |C

Connection Teed150/70 kV
point transformer

(i 93




Transformer 150/70 kV teed on 150 kV interconnection line

Db_ |B
©-9 150 kv
_________________________ P2
A QDE j.fj, ,..J
L ~ 9 r,;
I S i
150KV 5
\\\- _____________________ I.: Dc dc C
P2 70 kV
Transfo
150/70 kV

P2 protection = |AL

3-ends line differential protection
Communication channel between each protection

Instantaneous tripping of any fault on the interconnection line

LA 94



Transformer 150/70 kV teed on 150 kV interconnection line

e

o

-
Y

P

o D 150 kV

P1
.| Tele-uitschakeling o0

150 kV
ay @ P
v v
C

Dc dc
P1 70 kV

<1>

P1 = protection
2 distance protections with POTT logic between A and B ends, and remote tripping of

the transformer (validation through local criterium)
Communication channel between A and B ends (POTT), and between A and C ends

LA 95



Transformer 150/70 kV teed on 150 kV interconnection line

3 zones:

Z1: covers. 80% of the line

Z2: covers the next busbar (backup for busbar faults)

Ztpr must cover the complete line, including a part of

Tiid the transformer 73 13
22,12
Z1,11=0"
ZTPR > 7
P1
_________________________ 9
B
p1 Db o
] A 150 kV
Al Da
L~ P1
| Tele-sitschakeling -
150 kV
0D
D dc | C
70kV

lia 96



Transformer 150/70 kV teed on 150 kV interconnection line

P1
CPOTT =
B
P1 Db%i
. ] S A, 150 kv
Da *
© 1 P
*\_ | Tele-uitschakeling

150 kV N gk
fa [y
c

Dc dc
«—— PIT —W» 70 kV
2 zones <|> 2 zones
towards towards

the line Tiid thetransfo

22,12 77 17

Z1 Z1
t1=0" t1=0" 7

™A

L78T7a 97



Transformer 150/70 kV teed on 150 kV interconnection line %’

P1
CPOTT 3
/,/
/ B
P s |
\ g SR N 150 KV
A}
nDﬂ N ¢
~ \ P1
*\_ | Tele-uitschakeling

150 kV | g
[
L
Dc dc |C

P1 P170kV
Pl — [P —
2 zones' 2 zones
towards towards
the transfo busbar

(i 98




Transformer 150/70 kV teed on 150 kV interconnection line

« Distance protections on primary side of the
transformer: one zone to detect F1 fault

P1 * Internal protection of the transformer (Buchholz): only
P1 INT. P1 able to detect internal faults through oil move detection
F1 F3 —
PROT > (F2)

Dc >~ dclc Distance protections on secondary side of the
transformer: one zone to detect F3 fault

o 70 kV

AT 7
P2 -

Differentia protection (able to detect F1, F2 and F3 faults)
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Transformer 150/70 kV teed on 150 kV interconnection line

150 kV

LIETi3L00



Transformer 150/70 kV teed on 150 kV interconnection line

P1
1)t=0ms ) L S +-19
/ éDb B
= Fault F P1 v 4 150 v
______________ P2
A o N B Al
oD AN TP
= / S| Tele uitschakeling id ! 0 P'EET o
150 kV ALZZZZZZZZZZ,‘\ o e LLEE - 3U< | <F> -q>
P2 . A
. lu
S AL Do = de C
P2 P2 70y

3-phase fault F beyond 85% of the line.
Line differential protection out of service

How will the fault be eliminated?

LTial01



Transformer 150/70 kV teed on 150 kV interconnection line

Tiid
22,2 N
7 < ZTPR Z1.t1=0" |
X A
2)t =30 ms ) L) S oo — | Trip
P1 éDb s
______________ ! o9 150 kV
\ ] S P2
QD AN TP
- 4 S| Tele uitschakeling il ! i plggq- o
150 KV Al ZZ::ZZ::::,\ B piua - 3U< | ¢ $
P2 \\‘ a
\\_\ i A
S oLl Do == de C
P2 P2 70kv
The fault is seen in zone 1 by distance protection P1 at B end Transfo
150/70 kV

» Tripping order to Db circuit breaker

« “Tx” transmission to end A (POTT)

LTi3l02



Transformer 150/70 kV teed on 150 kV interconnection line

Tig Z3,13
72,12
1,0=0° ZTPR - 7
P1 :
TX _ |
3)t = 40 ms P =[] Trip i
RX ,’/ éDb | |8 !
<y S O9150kv !
Trip\p -T2 P2 )
" —_— T A
A }\Da TX ' /Y\\ . T r|:|-|
7N e Jitschakelng [ P p'Rb“'T o
150 kY AL ::::::::::W\\ e B e[ [P B [
P2 N A~
N e
S AL Do == de C
. P2 P2 q0kv
The fault is seen in zone Zptr by the Transfo
150/70 kV

distance protection at end A & reception
“Rx” from end B (POTT)

—

Tripping order to Da circuit breaker
Transmission “Tx” to end C

LTi3l03



Transformer 150/70 kV teed on 150 kV interconnection line

TX _
4)t =50 ms /—--F-’QII-------————-----4F_--- 9| Trip
p RX il
e ! -9 150 KV
LA [ o N P2
A ‘ — N Al
Da TX ,ff \\ . ,J P1
//, N releitschakel P1 :"'P1 INT. P1
JNN Sy R L T [ i =
150 KV . —— "
P2 N Trip—0
e ALp De — dc |C
P2 P2 70kv
Transfo
150/70 kV

Receptionl “Rx” from A side

idati A — Tripping order to Dc circuit breaker
& validation through local criterium 3U<ph}n 'PRINg reu

LIETiaL04



Transformer 150/70 kV teed on 150 kV interconnection line

P1
5)t =80 ms /F__EQII _______________ =3
P1 RX ,” Db‘ B
- < iy 150 KV
LIS [ S —— P2
A ‘ — I A Al
DEI TX "\\ . "J P1
AN P e[
Y1 e - f Teleutschaeling i) [ IPR [
150 kV . — i
P2 " Trip—0
RS Al Do == de C
P2 P2 70KV
Transfo
150/70 KV

Db tripped

LIETiaL05



Transformer 150/70 kV teed on 150 kV interconnection line

P1
7)t =90 ms f__F_’QH _______________ 3
pr X éDb ;
-~ . 150 KV
L [ e dm
A ‘Da TX - ::\ ! ] P1
SN Tele-uitschakelin il :ﬁm ok o
o ky AL S— R S L ;F;-Q,-q-su.; 1= PROTJ [
\x X . S |
P2 & . Tr|p | O
R — AL Do == de C
P2 P2 70k
Transfo
150/70 kV

Da tripped

L3106



Transformer 150/70 kV teed on 150 kV interconnection line

P1
8) t = 100 ms /r__EQH ___________________ =
/// Db B
P / 150V
______________ P2
I - BN s TR AL
Al Da AN | TP
SN reloitschakeling o FPL|INT.] P
alfmmm - eevisenakeing Lol [l PR e
150 kV RN Rx ul
P2 . Trip—
O ALY Do =" de C
u— A
- P2
Dc tripped Transfo
150/70 kV

— Fault eliminated

xliglo?



Transformer 150/70 kV teed on 150 kV interconnection line

P1
9) t = 100 ms P —— 9
Db, |B
Fi S 150 KV
____________ P2
|> ______________ ™~ - ____ AL
Al Da a | T Pt
. B Tele-uitschakeling id :ﬂm plggﬁ it
150 kv ] S— i R v [P e
P2 |
\\\- --------------------- I-: Dc E dc C
P? P2
Transfo
150/70 kV
Automatic tripping order to dc from open
position Dc Meename

LIETiaL08



Transformer 150/70 kV teed on 150 kV interconnection line

P1
10) t = 150 ms L — 3
//’ Db B
e i 150 KV
P _____________ '\\ e S E’g AL
A Da ‘/1\’\\ ) ] P1
/ R Tele-uitschakeling il Iﬁm FEEET o
150 kV Al ZZZZ::::::K\ B piuii - 3U< | s <+
P2 " |
\\\— ————————————————————— I—: D¢ _T dc C
e A
P2 P2
Transfo
Tripped dc 150/70 kV

Transfo 150/70 kV out of service

xligto9



Transformer 150/70 kV teed on 150 kV interconnection line

Autoreclose

1s
Sturen P1
11)t=~11s — L — 9
W e J
Start / Db B
_____________ a 150 kV
P _____________ _\\ P B ittt Eg AL
A DEI .".’Y\\ . ’J P1
AN Pt P [INT.] P
---------- -~ "\__|. Tele-uitschakeling_ ' [ |ProOT T0kv
LV el e N <] [P ¢
P2 . |
x‘\ |
oo aLp Do = de C
- P2
Transfo 150/
70KV

Closing order sent to circuit breaker on A
side thorgh “Send” function?

(73110



Transformer 150/70 kV teed on 150 kV interconnection line

Autoreclose

P1
Sturen
12) t = = 112 S - U}I'HHS /F__F_,QII —————————————————— <:|
W ueiin /! 8
Db
150 kV
P2
——————————————————————— AL
P
P{ r"P1|INT P1
| Tele-uitschakeling_ 1 |pror 0kv
e ¢
p— |
..................... ALP Dc e C
A
o P2
Transfo 150/
70KV

Closed Da circuit breaker

Line under voltage

Rlialll



Transformer 150/70 kV teed on 150 kV interconnection line

Autoreclose

1,5s
Szﬂif' «—{WI| Koppelen
T Start
13)t=~1,6s 11 S 9
s Db B
150 kV
""""""" P2
] SS————— I AL
A Da — e P
/ N Tele-uitschakeling id :ﬁm |NS il
__________ ~ \ = PROT
L B e -»
150kv Lok N sor L1 [ i
P2 R /A
|
T -|aLl De - dc
Sturen P2 P2
Controle open Transfo 150/
Closing order sent to B end (“couple” functidhif® [wi 70kv
3Uhv > —p
Closing order sent t Dc (“Send” function) 15¢

70kV

C



Transformer 150/70 kV teed on 150 kV interconnection line

Autoreclose

Synchro-

check —{WI| Koppelen
1‘ Start
14)t=~17s PR PR S 9
s Db B
______________ / o9 150kV
I N s et Al
A r\Da / ) ° > P1
/ \ P1 r P1 | INT. P1
/ \ i : 70kV
JNH —— . f Teleuitschakeling Fr ) (S [PROT] [
150 kV ™ |
P2 Stat_/ !~
* B
e m -|aLE Dc - dec C
A
Sturen P2 P2
Controle open__| Transfo 150/
Closed CB at B end positiedc ™y, 70kv
3Uhv > —p
Closed Dc CB



Transformer 150/70 kV teed on 150 kV interconnection line

Autoreclose

1Ht=~1,72s R 9
pb_ |B
7 -9 150 kv
"""""""""""" P2
g S B S AL
A ~Da s \ ,T P1
SN Pt 7 PI|INT.| P
.......... S \__| Tele-uitschakeling_ _=——1! r=|erot 70KV
150KV Lock = ~ i N i
P? ‘\\ Start /1 A
\\. I\"""JI
\\._ ___________________ | Dc dc C
P2
Transfo 150/
Closed CB at side Dc Wi _\‘TO kv
Ut_"'Synchro-
check
Ub—

Eliall4s



Transformer 150/70 kV teed on 150 kV interconnection line

Autoreclose

15)t=~18s T — 9
Db |B
S -9 150 kv
______________ P2 ——
] M N AL
Al Da Py ! TP
SN | O PLPLIINT L P g4y
.......... / “\__| Tele-uitschakeling_ | PROT
150KV Lock == ~ = i A
P2 . Start /!~
A e
S ot e P de C
P2 P2
Transfo 150/
Closed CB at C side Wi 10KV
(“couple” function)
Ut — synchro-
Ub—p chack

liall5



Transformer 150/70 kV teed on 150 kV interconnection line

P1
POTT 3
b |B
A ! ©-4 150 kv
P ______________ _\\ e ?g &L
Al Da SN TP
- N Tele-uitschakeling il :ﬁm ;ggﬁ il
soky | LA S B ]l [ ==
P2 N 'G
\\ |
S ALP De de |C
AT
P2 QE"Z 70 kV
F

3-phase fault between the Dc CB and the transformer.

How will the fault be eliminated?

Llial16



Transformer 150/70 kV teed on 150 kV interconnection line

1)t=0ms
3-phase
fault F BOTT :1
/// Db B
e v O‘iwokv
F. ______________ '\\ e e e LB et E’g AL
A QDE ,f/Y\\ ' ‘] P-I
~ N Tele-uitschakeling id :ﬁm F!EET o
soky  LoLh- . B U< P P
P2 N IC‘
'\‘\ |
S ALY Do, = do C
A
P2 f P2 10y
Transfo 150/
70kV

'S 1 FINN



Transformer 150/70 kV teed on 150 kV interconnection line

2)t=25ms
P1
_POTT <
/// Db B
e e O-9 150 kv
F. ______________ '\\ e e e LB et E’g AL
A QDE ."/ \\ ) ] P1
~ N Tele-uitschakeling id :ﬁm F!EET o
soky  LoLh- . N U< P P
P2 N 'O
'\‘\ |
S ALY Do, = do C
P f P2 qkv
= Transfo 150/
70KV

C end: tripping order sent to Dc and dc by transformer differential
protection



Transformer 150/70 kV teed on 150 kV interconnection line

C end: distance protection at 150 kV side of the tranformer sees

3)t=30ms the faul in the first zone towards transformer and send tripping
orders to DC
P1
_POTT ][]
Db . |B
P1 o ©-9 150 kv
"""""""" P27
A ] S I B e Al
eDa Pas . P
, R _ _ P1 7 P1 | INT. Pl 70kv
__________ S “\__| Tele-uitschakeling | ===11 =] [PROT
150kV ¥ |ALE--TCToC < » 3y i P P
P2 Wa)
. 4
M mmaae aLll De — e C
I
i [ransfo 150/70 kV
23,13 Tid
Z2,12 2,12
Towards ZTPR Z1,u=0 » Towards
Line Z1' 11'=0" transformer

Lial19



Transformer 150/70 kV teed on 150 kV interconnection line

Tid 23,13
4)t=30ms 22,12
21,11 =0" ZTPR
- Z
P1 :
PO L~ i
/ :
P1 TX 1// Db B !
. V% O-9 150KV !
""""""" P2 J
A P B B NI L
’ o
APa , \\\ ) L ' P1
~ 2 S| Tele uitschakeling il r | JQST id
__________ - \_______'________ _
150KV Lok ~ gl it e A N RO
p2 \'\.\ o
A | ™
S oL Do, == de C
P2 P2 70kv
A and B ends: distance protections see the fault in Ztpr zone. F Trag;fi‘JSOI

Afstandsbeveiliging ziet de fout in Ztpr and send een POTT signal
to the other end

LTl 20



Transformer 150/70 kV teed on 150 kV interconnection line

5) t = 40 ms 22,2
21,1 =0 ZTPR
> Z
P1 :
ROTT_ — [z i
/ ——l |
/ RX |
5 / o9 150 kV ;
P[—Rx___"" P2 (= -7
A Y Atf L=
~Da S P
SN Tele-uitschakeling il ! | F!%T id
150 kV Al Z:::ZZZ:::,\ Sl il - 3U< | Pl Nig
P2 AN o
S A
S AL Do, == de C
P2 P2 70kv
= Transfo 150/
A _and B ends: distance protections see the fault in Ztpr zone and 70 kV

receive POTT signals. = tripping order sent to Da and Db,
translission of tripping signal towards C end

LTial21



Transformer 150/70 kV teed on 150 kV interconnection line

6) t = 60 ms
P1
/ _Porr 9
Db_ |B
k S Op 150 kv
______________ P2
E_“T; ———————— R OSSPSR AL
A nDa X ‘/\r\ | j,J P1
d SN Tele-uitschakelin PRI [ Pl 70Ky
__________ , \ - Ul I l PROT
50kv ¥ [aLfzzzozooi . - =0 »auc]i o =
P2 \'\. RX lf\
\‘\ iu
N e ALl De dc |C
- % AT[pg
= Transfo 150/70 kV

Receptionl “Rx” from A side

& validation through local criterium

3U<ph/n

} — Tripping order to Dc circuit breaker

LTl 22



Transformer 150/70 kV teed on 150 kV interconnection line

7)t=80ms ... 90 ms

P1
/,___F’_Ql'_f ___________________ 9
Db |B
o s 150 kV
______________ P27
] S— BN AL
Al pa TX AN TP
/ \“ Tele-uitschakeling - :HP1 PlggT i 70 kV
N [ e e IR <] [ P
P2 RX !
\\' I
e —————— ALE Dc dc C
P2 P2
Transfo
150/70 kV

Tripping Da, Db, Dc and dc = Fault eliminated

OTial23



Transformer 150/70 kV teed on 150 kV interconnection line

1s
Sturen P1
11)t=~11s — L — 9
W e J
Start 4 / Db B
_____________ a 150 kV
P _____________ _\\ P B ittt Eg AL
A DEI .".’Y\\ . ’J P1
AN Pt P [INT.] P
---------- -~ "\__|. Tele-uitschakeling_ ' [ |ProOT T0kv
LV el e N <] [P ¢
P2 . |
x‘\ |
oo aLp Do = de C
- P2
Transfo 150/
70KV

Closing order sent to circuit breaker on A
side through “Send” function?

LETigl24



Transformer 150/70 kV teed on 150 kV interconnection line

P1
Sturen
12) t = = 112 S - U}I'HHS /F__F_,QII —————————————————— <:|
W ueiin /! 8
Db
150 kV
P2
——————————————————————— AL
P
P{ r"P1|INT P1
| Tele-uitschakeling_ 1 |pror 0kv
e ¢
p— |
..................... ALP Dc e C
A
o P2
Transfo 150/
70KV

Closed Da circuit breaker

Line under voltage

LTl 25



Transformer 150/70 kV teed on 150 kV interconnection line

Autoreclose

1,5s
Szﬂif' «—{WI| Koppelen
1‘ Start
13)t=~1,65s 11 S =
ob_ |8
/ 150 kV
""""""" P2
] NS S . AL
A Da — e P
SN P1 rP1[INT.| Pt
oy EE— 7 | Teleitschakeling =1 1= |PRoT 0KV
150kv  L_fmmme N Start jis ¥
P2 ‘x /|
|
—memmcmememcmmeeca-- -laLl Dc - de C
A
Sturen P2 P2
Controle open Transfo 150/
Closing order sent to B end (“couple” functigfif® [ 0kv
3Uhv > —p
Closing order sent t Dc (“Send” function) 15¢

LTl 26



Transformer 150/70 kV teed on 150 kV interconnection line

Autoreclose

Synchro-

check —{WI| Koppelen

1‘ Start

14)t=~17s PR PR S 9

Db, |B

S ! o9 150 kV
""""""" ™ ettt A\

A ﬁDa P al . f‘_] p1

/ \ P1 r"P1 | INT. P1
/ \ i i T0kV
JNH —— . f Teleuitschakeling Fr ) (S [PROT] [
150 kV ™ |
P2 Stat_/ !~
AN A
e m -|aLE Dc - dec C
A
Sturen P2 P2
Controle open /‘ Transfo 150/
Closed CB at B end posifede 1y 70KV
3Uhv > —p
Closed Dc CB

LETial27



Transformer 150/70 kV teed on 150 kV interconnection line

Autoreclose

14)t=~1,72s B 9
/’/ Db B
______________ v 9 150 kv
|> ______________ N E,g AL
Al .Da AN TP
R Pt rP1[NT] P
.......... S *_ | Tele-uitschakeling ,==—7! PROT 70kV
t50ky  LoLF- ~. [ I A P
P? Y Start /1 A
‘\\\-“ Iu
\\._ ___________________ | Dc dc C
Tlp2
Transfo 150/
Closed CB at side Dc wi _\‘TO KV
Ut_"'Synchro-
Ub—p check

LIETial28



Transformer 150/70 kV teed on 150 kV interconnection line

Autoreclose

15)t=~18s T — 9
Db |B
S -9 150 kv
______________ P2 ——
] M N AL
Al Da Py ! TP
SN | O PLPLIINT L P g4y
.......... / “\__| Tele-uitschakeling_ | PROT
150KV Lock == ~ = i A
P2 . Start /!~
A e
S ot e P de C
P2 P2
Transfo 150/
Closed CB at C side Wi 10KV
(“couple” function)
Ut — synchro-
Ub—p chack

LT3l 29
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