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ABSTRACT

The impact of switching over-voltages in a public
distribution network on cable ageing and the oceure

of earth fault failure are discussed. It is conctddthat
95% of the network remains unaffected by the bebawif
the VCB, and that switching over-voltages in the
remaining connected Industrial sites don’t propagiato
the public network. Hence, VCB behaviour cannolegxp
the increased earth fault failure rate observedimssia.

INTRODUCTION

In Russia the introduction of VCB as an alternaforeoil
CB'’s is hindered by an observed increase of cadulé f
frequency which is alleged to be due to switchingre
voltages caused by VCB’s. In [1] the author stdtas
particular, use of VCB’s of certain types in medium
voltage networks (especially in city distribution
networks), where CLP(=XLPE) insulation cables are
used, is unreasonable due to increased insulation
degradation of such cables."This statement contrasts
with reality in the rest of the world. Vacuum islay the
main interrupting medium in China, USA and West-
Europe. In 95% of the applications a VCB can stilisti
air, oil or SF6 CB without creating undue switchinger-
voltages. Only for some specific network conditions
special protective measures need to be taken.

The paper addresses the problematic in two sepaagte
Firstly, the switching voltages in a public distriton
network are evaluated. Secondly, the ageing mesimani
leading to cable failure are correlated with switgrover-
voltages and cable design.

PUBLIC DISTRIBUTION NETWORK &
SWITCHING OVER-VOLTAGES

Figure 1 shows a typical but simplified public distition
network. The network consists of 5 open rings wizioh
energized by two HV/MV transformers through a main
station. The 2 main stations feed 5 open ring ne¢svand
are interconnected by a disconnecting circuit keedkach
open ring consists of 15 ring main units intercated by

1 km cable. The ring main unit has 2 load breakcheis
and 1 circuit breaker for protection of the MV/LV
distribution transformer. Three small and one mediu
sized industrial network are connected to the publi
network with respectively 2 or 4 motor feeders arat 2
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filter banks. As 84% of the network failures ardleaor
cable garniture failures [2], their frequency iSmportant
parameter for this study and set at 7 failures/¢88km of
cable. Two third of these failures are supposdzktearth
fault failures. The network is operated with anlased
neutral. Each function will be briefly discussedttwi
references for more detailed treatment. Table Trsanzes
the main operations and the operation frequeng};[2,
also gives the probable over-voltages and themtthmr at
both the source and the load side of the networkedisas
the length of the cable network involved. Discriation is
made between: maintenance, which intervenes ialdest
network, and protection, which reacts on sudderamted
changes.
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Figure 1 : Simplified diagram of the public network

configuration used in the simulation; characteriséti

* 30 MVA / HV-MV main station / cos(phi)=0.95

 5ring feeders; Each ring 15 km cable and 15 RMU

* 3 Small industrial site (SIS) on ring & 1 Medium
industrial site (MIS) with cable to main station

Main station

Main station breaker

Each station is equipped by a main station breakérh
function is to protect against a failure in theistaand act
as a back-up in case of ring feeder breaker failure
Ring Feeder Breaker + Coupling circuit breaker

The ring feeder breakers protect each one enckairy.
Their function is to interrupt the fault currentdase of a
network failure. They are operated also for prewvent
maintenance and major network reconfiguration. A
coupling circuit breaker disconnects the two mégatiens;
in case of HV/MV transformer failure this breakande
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closed to rapidly restore the power in the fauliytpf the
network still providing security.

Maintenance: Load switching

De-energising a part of the network by a line feede
breaker is the interruption of the current to tharected
MV/LV transformers and the cable of the ring [4hiF
operation does not lead to special switching ovétage.
Protection : Station fault and Line fault

The MV side of the HV/MV transformer is adequately
protected [5]. Although due to the short distanzehie
HV/MV transformer high short circuit current levehd
steep rising recovery voltage are to be dealt WitBB’s
have more than sufficient dielectric recovery calitgb

Ring main unit

The RMU breaks the ring to create a T-off to a lécad
most often a MV/LV distribution transformer. As
protection of the ring is given by the CB feedead break
switches are normally sufficient to isolate the Rifoim
the ring in case of maintenance work either orRiwiJ or
on one of the cable sectors.

Line switch by L oad break switch

The charges manipulated by these Vacuum LBS's glurin
network maintenance include load shedding, breatkiag
ring current in case of reconfiguration of the ring
breaking of the small capacitive current of a cafeletor.
One of the LBS's can also be used to create anpgah
in the ring taking the function of a disconnector.
Transformer protection by circuit breaker

The power delivered by the distribution transforneer
typically between 100 and 630 kVA. As protectiveides
for the transformer a combined fuse+LBS or CB are
proposed [6]; the latter is here discussed.

M aintenance

Switching of unloaded transformer

Opening of the VCB in the steady state means unpéion
of the magnetisation current of the unloaded tiansér.
This is a harmless operation due to the high inditigof
the load and the cable capacitance [7].

Switching of loaded transformer

Switching of the load current produces no overagsts at
current interruption because of the generally bagtp) of
the load.

Protection

Switching of unloaded transformer inrush current

The current on closing depends on the residual
magnetisation or saturation of the transformer coréhe
worst case the current can reach peak values ofim&2
the rated current which damps away in typically @&ec.
Although this current in itself represents no pesbto the
switching device, opening in the first 400 ms skobé
avoided as due to the very inductive nature ofctireent
substantial over-voltages are produced at thedwmhe[7].
Hence, switching of inrush current occurs only ase of
erroneous relay setting. Most manufacturer's iatiegr
protection devices ensure selectivity with any imliage
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fuses and avoid erroneous opening [6]. SO no surge
protection is needed. Manual operated LBS's have a
mechanism that exclude a fast close-open sequence.
Transformer-secondary fault

The value of the current is determined by the stiocuit
impedance of the transformer. Due to the relatively
capacitance of transformer and cable connection the
recovery voltage rises steeply. Using a VCB the
interruption of the inductive current can createltiple
restrikes with over-voltages up to 5pu., virtuatreat
chopping is unlikely due to the relatively high ent
values >800 A for 100kVA and above. Often a tratfe-o
between risk and cost will not favour the use afgsu
arrestors.

Transformer fault

A transformer fault currents range from earth faufull 3
phase short circuit without specific over-voltages.

Small and M edium industrial site

Practice differs between the public network and the
industrial site mainly in the switching frequencl/tbe
switchgear and in the extended use of reactive powe
consumed by motors, which are compensated by dapaci
banksM otor switching using a circuit breaker brings the
risk to open the circuit occasionally in the stagtphase.
Protective measures might be required [4] to redhee
switching voltages. The level of achievable pratecis
3pu. for networks with fast earth fault clearance o
otherwise 5pu. Afteswitching the capacitor bank off the
bank is left with a dc voltage that stresses th&VAs a
precaution protection against restrikes [10] appised for
frequently operated banks. Other switching duties
detailed under RMU as for transformer protectiq@ecal
attention foiinductively loaded transfor mersas the high
switching frequency imposes adequate protection.

Voltage propagation in the networ k

Table 1 shows that switching inductive and capaeiti
loads give higher switching over-voltages at ttagliside.
When the VCB breaks down this voltage will unavbiga
propagate into the upstream cable network. This
propagation is governed by the line impedancea¥each
junction with n incoming lines, all with Z the ratio
between transmitted{Ltand incoming Wvoltage amplitude
obeys to: YU,=7 /(n*Z,) taking the reflected part in
account. For a Main station and RMU this ratio bees
respectively 20% and 33%; for SIS and MIS thisoratin
be smaller when the capacitor bank is coupled edbtis
bar as its impedance is much smaller thanB&cause of
this phenomenon load-side over-voltages cannayaéiin
the cable network.

CABLEFAILURE & SWITCHING VOLTAGES

Today cable failures are attributed mainly to wateeing
or electrical treeingWater treeing [8] depends strongly
on the chemical reaction under alternating polégrand
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Table 1: Network components and switching charésties like frequency, over-voltage value and dorat

Switching Over- | Cablelength
voltage [pu] [km]
8 & @ [3)
s slglg| 2 gg - s | |5 |8
T 2 o) g 5% 8|8 €28 2 8 b 8
£ 2ol S ssl2|8| 283 g = | 8| 5|8
8 =l 28ls|s|l Gp= 5 2 S
2 5 25 £Slefs] o0 3 3 3
1 MSB |fault X 0.03 0.005 2 0 0.1 37.
c fault 37 X 0.18 0.005 2 0
2 £ ° | RPB IEarth faut X 0.35 7200 173] _t73| ° | 7°
=% 1 CCB [fault X 0.35 0.005 2 0 375 37.p
= 2 LBS |Cable sector X 0.20 60 1 15 1
5 unloaded T X 0.01 0.005] 1 2.2
75 .% loaded T _ X 0.20 0.005 1 0.3 375
s 1 CB |unloaded T inrush X 0.00 0.005 1 8.5 0.02
= T sec fault X 0.30 0.005 14 5
x T fault X 0.03 0.005 2 0
1 CB |Fault X 0.03 0.005 2 0 0.3
B Motor Load X 1000 0.005 1 1
5 2 CB |Motor Start X 10 0.005 1 5
3 3 Fault X 0.06 0.005 2 0 375 01
= Capa Load X 500 60 1 1.5 '
B ¢ 1 CB |Capa + restrike| x 5 60 1 3.3
& & Faul X 0.06 0.005 2 0
B 1 CB |Fault X 0.03 0.005 2 0 0.6
5 Motor Load X 1000 0.005 1 1
3 4 CB |Motor Start X 10 0.005 1 5
1 = Faul X 0.06 0.005 2 0 375 01
5 Capa Load X 500 60 1 1.5 '
Tl 2 CB [Capa + restrike| X 5 60 1 3.3
=0 Fault X 0.06 0.005 2 0

depolarization of water with the XLPE and weaklytba
electrical field. The frequency of switching doed match
with the elevated number of cycles required to poad
failure. So this process is exclud&diectrical treeing [9] is
a process that depends strongly on electric fieity.o
Experimental work shows a linear relationship betwthe
cable life time, log(t), and the electrical field, called
Crine model. Figure 2 shows the cable life timevewrith
respect to electrical stresses.

Cable stresses not induced by switching

Through the XLPE cable standard VDE 0276-620 théeca
design for a fixed nominal voltage is intimatelyupéed to
the electrical field. Two characteristic workingmis of the
XLPE cable for a 10 kV network are given:

« the 30 year operating point, and

« the mandatory 4 hours test at 4 timgs U
Earth faults together with the network philosopHyaa
isolated neutral are another major stress forabéec The 2
hours clearing time cumulates to total stress curaif 200
hours at 1.73pu. in 30 years.

Public network cable stresses: 95% of network

Interruption of 3 phase faults generates over-gekaof
typically 2pu. Their individual short duration ofmsec.
cumulates to total stress duration of about 180iyears.

L oad side cable stresses: 5% of network

As table 1 shows, switching over-voltages go uppo. at
the load side; the total cable length of affecteddk
represents 3 — 5 % of all installed cables. Dependn the
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load the individual cable stress is either:

* RMU transformer: the very low switching frequendy o
secondary earth faults cumulates to total stre<s d.
with duration of about 10millisec. in 30years.

 Capacitor bank : frequent switching and long dorabf
over-voltage cumulates to total stress duratioahmfut
500 hours in 30years. Over-voltages due to ratekes
are limited to 3.2pu. with cumulated duration of @
[10].

» Starting Motor: by the occasional switching of nrstm
the starting phase, over-voltages are limited ta Syth
cumulated duration of 3sec.

DISCUSSION

95% of the public network is not affected by swiibch
over-voltages exceeding 2pu. due to fault clearitayth
faults are the principal source of cable stresstdubeir
repetitive nature and long duration. The remairbfg of
the network is affected by over-voltages due taiatide
load switching. Based on risk assessment, protedsio
proposed when over-voltages can exceed 5pu. Bféecti
protection below 5pu. is not possible in isolateditral
networks with a clearing time of 2hours.

It is outlined that the over-voltage in a load catnn
propagate without damping into the upstream network
Therefore it is impossible that over-voltages due t
inductive load switching deteriorate the dieledm&ulation

of the cables and by this increase the earth faillre rate

in a public network.
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Figure 2 is based on the assumption that the cigble
dimensioned according VDE. The dielectric cablesses
are lower, by a safety margin of 10 to 20, thans¢ho
affecting the cable life time [9]. VDE prescribedPE
thickness of larger than 3.5mm for 10kV and special
semiconductor screening. In case of reduced isolati
thickness and or absence of these semiconducteersgr
dielectric stresses increase, the safety margincesdand
the earth fault failure rate increases.

Based on the above discussion, the increased feauith
failure rate observed in Russia in public netwadsnot be

attributed to switching over-voltages caused byuvat
circuit breakers.

CONCLUSION

Vacuum Circuit Breaker operations cannot explaia th
increased failure rate in Russian cable networks as

e \/CB Switching operations don't influence the califle
time in 95% of the public distribution network.

e Switching surges in connected Industrial sites’tdon
propagate into the public network and are of naceom
The outcome of this study confirms current praciice
Europe and North America.
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Figure 2 : Diagram combining the electrical treeing lifiené limiting curve for XLPE cable and electricaksises
generated in a public distribution network; caldlesigned according VDE 0276-620; ellipsoid indisates cable
stresses for a public distribution network withléged neutral ; points beyond the ellipsoid aresfeecific loads.
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