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ABSTRACT

When secondary sysems are upgraded from conventional  eectromechanical to  eectronic  equipment, an
adaptation of an existing Gl Sinstallation may become necessary to achieve EMC conformity.

The paper condders in particular the dtuation for instrument trandformers (IT), i.e. current transformers (CT)
and voltage transformers (VT). For exanple, VT's designed for dectromechanical systems connected to the
secondary circuits trangmit in general trandent overvoltage anyplitudes in the range of several kV during
dsconnector operations without any influence on the equipment. These overvoltage anplitudes may be well
above an acceptable overvoltage limit for a safe and reiable operation with dectronic equipment. EMC
conformity should therefore be proven by testing the transient overvoltage behaviour of the IT's.

Appropriate testing procedures for GIS IT's are discussed with reference to test procedures presently under
consideration by IEC 60694 and |IEC 60044 - 1/2:

a HV on-stetestswith the complete GISin service during worst case disconnector operations and

b) low voltagetestswith impulses of ns-risetimefor the IT salone.

On the bads of the presented results the best possble method for testing the EMC conformity of GIS IT's is
selected. An appropriate acoeptance criterion is proposed.

1. INTRODUCTION

Over the last 30 years, gas insulated switchgear (GIS) has been
ued for a wide range o application. Factors such as high
immunity againg adverse amospheric conditions, less man
tenance, higher rdiability or space savings compared with open
ar subgtations are main reasons today for a preferable choice of
GISingallations worldwide.

Continuous progress of technology resulted in a very compact
design with extremdy high rdisbility of GIS. Fig.1 shows such
a modern design eg. for a 145kV GIS (width of bay 1.2m). The
inductive instrument transformers (current transformer CT and
voltage trandformer VT) integrated in the GIS are provided with
specid congtructive EMC measures for reducing the tranamitted

transgent overvoltages in the secondary circuits to a minimum. Fig.1: 145kV GIS substation with advanced
These measuresare different for CT'sand VT's. design

For CT's, a capacitive layer is mounted parald to the isolated gap of the inner enclosure of CT (see Hog. 2aand
[1]). Ha. 2b shows the typica curve of attenuation for a CT with and without a capacitive layer. Due to the
increased capacitance accross the isolating gap, themain resonance frequency corresponding to the lowest value
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Fig. 2. Inductive CT with EMC shielding

-a- principle design with capacitive layer

-b- typica curve of attenuation for aCT with and
without capacitive layer

fas typicd range of exiting frequencies at
dsconnector switching
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Fig. 3:  Inductive VT with EMC shielding

-a- principle design with metallic screen
-b- typical curveof attenuation for aVT with and
without metallic screen
fas typical range of exiting frequencies at
disconnector switching

of dtenuation shifts to a lower frequency, eg. 5.6 MHz. As a consequence, the overvoltage amplitudes with
frequencies higher than approximately 10 MHz are sgnificantly reduced.

On the other hand, for VT's an additiond metdlic screen is inserted between the HV and LV windings (see Fg.
3). In contrary to the CT's the curve of attenuation is reduced dmost over the whole range of frequencies
oonsidered (see Fig. 3b).

Important for the rel EMC beraviour of the instrument transformers (IT's) integrated in a GIS are the exciting
frequencies of the GIS initiated, for example, by switching operations. According to service measurements, their
typica rangeisin generd 15 MHz to 50 MHz for disconnector operations (see Fig.2b and 3b).

When an older GIS is upgraded, eg. change of secondary systems from conventiond dectro-mechanicd to
dedronic equipment, it is dso important to check the EMC behaviour of the existing IT's [2]. IT's of older GIS
ae often desgned for eectromechanicad equipment connected to the secondary circuit. Such equipment is
insendtive to trangent overvoltages, even for amplitudes of severd kV's An upgrade to eectronic equipment
may cause severe problems. The dectromagnetic disturbances induced in the secondary circuits should not
exceed a pesk vaue of 1600V [3]. The dectronic burden is usudly only some VA. In an extreme casg, it may
become necessary to replace the existing IT's. For such a decison, EMC conformity tests are indispensable in
ader to correctly judge the transent overvoltage behaviour of the IT's concened and to avoid cost for a
replacament.

2. HOW TOPERFORM EMC CONFORMITY TESTS?

Testing procedures for EMC conformity tests with GIS indalations or in particular with IT's are presently
under congderation by several IEC Working Groups. The actud Stuation isnot yet clear.
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21 |EC60694: EMC sitetests

EMC dte tests are described in an informative annex [4]. Such measurements are not specified as type tests, but

may be performed in order to verify the correct performance of the secondary system, or to evauate the eec-

tromagnetic environment in order to apply proper mitigation methods, if necessary.

Switching operations should be carried out a norma operating voltage and with trgpped charges on the load

side. Asthis condition may be difficult to obtain at testing, the procedure may be asfollows:

— discharge the load side before the closing operation, to ensure that the trapped chargeis zero

— multiply the recorded voltage vadues a closing operations by 2, in order to smulate the maximum trapped
charge ontheload Sde

— theresulting pesk vaues of transient overvoltage should not exceed alimit vaue of 1600 V

— the measurements are to be made a represmtative ports in the interface between the secondary system and
the surrounding network, e.g. at the input terminals of control cubicle, without disconnection of the system.

Hag4 shows the transent voltage (differentid mode) pro-
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In practice, this procedure may lead to dgnificantly higher
overvoltages compaired to service conditions. For example, |
when a VT is integrated in a section of GIS which should be | ||!
switched on and off, trapped charges are not retained on the : |I ||
isolated section. On the other hand, reflections of the over- I
voltage waves a open ends of the main circuit must be taken 1 i J ! _
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overvoltage amplitudes occurring during disconnector  opera:
tionsin the main circuit arein generd:

— sectionsof GISwithVT: 16p.u.

— sectionsof GISwith CT: 20p.u.

— sectionsof GISwithVTandCT:  16p.u.

The pesk vaues of trandent overvoltage measured in the secondary circuit correspond to the primary
ovavoltage vaues given aove It is obvious tha their multiplication by 2 may lead to an unredidticaly high
secondary overvoltage level which does not occur in service.

A more appropriate procedure is, for example, to look at the overal phenomenon, i.e. al restrikes, which appear
during a dosng and opering operation of a disconnector. Fo. 5a (closng operation) and Hg. Sb (opening
gperation) show typicd measurement results. Only the highest positive and negative overvoltage amplitude for
each restrike during the overall phenomenon is recorded. The conditions are the same asfor Fig. 4.

e |

Fig. 4. Transient overvoltage (differential mode)
related to the first restrike at disconnector
closing measured in the secondary circuit of

aCT without EMC measures.
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Fig.5: Transient overvoltages (differential mode) related to the complete phenomenon, i. e. al restrikes, at disconnector
switching (same conditions as for fig. 4)
-a- cosng
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Note the different time scae of figure 4 (50 ns) and figure 5ab (40 ms).The maximum overvoltage amplitude of
936 V occurred a the opening operation. These measurements include effects such as trgpped charge and reflec-
tions in the GIS. A multiplication by 2 is not necessary. Since trandent overvoltages vary datidticaly the max-
mum overvoltage amplitude is determined from the mean value of eg. 5 opening or closing operations for
which the higher overvoltages occurred. It should be dso noted tha for these measurements a digitd oscillo-

scope with amemory of = 10 k for each channd is required.

22 IEC 6004412 (Instrument transformers): Measurement of the transmisson factor at high fre-
quency transient over voltages
Low voltage impulse tests for CT (IEC Draft 38/252/CDV, [5]) and for VT (IEC Draft 38/250/CDV, [6]) are
recommended to perform as type tests in the factory in order to check the transmitted overvoltage behaviour of
the T s. The proposed method applicablefor GISIT sissummarisedin Table 1.
Table I Low voltage impulse method for checking the transmisson factor a high frequency transent
ovavdtages[5], [6]

— typeof impulse:
« fronttime 10ns+20%
« tal length >100ns
« amplitude not defined
— connected burden: 50 O coaxid cable terminated with the 50 O input

impedance of an oscilloscope of bandwidth > 100
MHz at the open secondary teminds

— relationship to the operationa conditions of the GIS:
« highest peek vaue of the gpplied
primary voltage (1 p. u. = U, v2/v3) 16p.u

— transmitted overvoltage pesk vaue limits 16kV

Fig. 6 shows the results obtained with the low voltage
impulse method, for example for a 245 kv CT

Tek Kun; 13585 Sl

equipped with a capacitive layer for reducing the : i
transmitted overvoltages. From these results, a maxi- 3 Pl M
mum transent overvoltage amplitude of 487 V may I* : [ e
be expected in the secondary circuit under sarvice ) “ A
conditions (Um = 245 kV). The characteristic natural .l'|| I\ j' Il.|" ' -‘y WA T
frequency of this CT is approximately 5.7 MHz (see = :l i g

Fig. 6). The burden used was 10 O in contrast to Ta- II'I P : e
ble 1. The reason is that the burden affects essentiadly — ° ; 3

the pesk vaue of trangmitted overvoltages. Electronic I Chamin
burdens connected to the secondary circuits of IT's

have in generd very low vdues eg. in the range of f !

10 VA. Corresponding vaues of burden would be for jm TRRIIeE ! ol o K-

example 10:43:11

CT 100 (I=1A); 040(1,=5A) — . . )
VT 3BO(U=10003V), 1330 (U=00v3V) 198 L e e e e e
Test results show that a change of burden of CT from U, =8V, Uy = 12'.5 mv: ktr’: 0.156 %

50 O to 10 O decresses the overvoltage amplitude Ug= 1.6p. U Xk, =487 V (at U, = 245KV)
aoprox. by a factor 3. On the other hand, a change of f oy = 5.6 MHz

burden of VT from 50 O to 333 O increases the over-

voltage amplitude approx. by a factor 2. As a consequence, a better adaptation of the burden to service cond-
tions used for the low voltage impul se test seemsto be necessary. An appropriate proposal could be:

forCT: anoninductive resistor corresponding to the rated burden but not exceeding avaue of 20 O

forVT: anoninductive resistor corresponding to 25% of rated burden but not exceeding avaue of 1000 O

In that case, the transmitted overvoltage should be measured a the burden connected to the secondary terminds
of the I T s (cables disconnected) using a high impedance oscilloscope probe.
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23  Comparison of HV/LV tests

The LV impulse method has been vaidated by HV tests in a GIS ingalaion taking into account the proposas
presented earlier. The results are shown in Fig.7 for a 245 kV CT and in Fa.8 for a 123 kV VT. The details of
the test conditions are given in the text of the figures The messured characteristic of atenuation of the IT s is
added.The typicd range of frequencies excited by a GIS ingdlation during disconnector operations in service is
in generd 15 MHz to 50 MHz.
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Fig. 7. Comparison of test methods for a245kV CT witha  Fig. 8: Comparison of test methods for a 123 kV VT without

capacitive layer metallic screen
A LV impulsemethod (same condition asfor fig. 6) A LV impulse method (Rygen = 560 O, without
B HV method with disconnector switching (Ryurgen cable)
=100, 8 m cable connection to control cibicle) U; =88V, Uyg =192mV; k; = 2.18 %
U = 1.61 p. u. = 322 kV Uy = 1.6 p. U x k, = 3132V (at U, =110kV)
Upna = 62 V &t opening, fy s = 26 MHz fraua = 44 MHz

B HV method with disconnector switching (R e, =
560 O, 8 m cable connection to control cuhicle)
U1ma = Not recorded (Ug,ppy = 90 KV)

U2‘r‘ex: <3800V a Opening, ftypioGIS: 22 MHz

From these and many other test results, it may be concluded:

— The typicd frequency (= naturd frequency) of an IT obtained by the gpplication of the LV impulse method
is in most cases that frequency which corresponds to the lowest vaue of attenuation of an IT (see Fig. 7 and
8).

— The typicd main frequency excited by disconnector switching in a GIS ingdlation may differ from the
natural frequencies of an IT. As a consequence, the amplitudes obtained by the LV impulse test may be aso
differ dgnificantly from those of HV tests caried out in a red GIS configuration. Hence, not only the
amplitude of transmitted overvoltage but adso the typicd frequencies excited by a GIS inddlation are
important for a correct judgement of the trandgent behaviour of an IT (seeFg. 7 and 8).

— The type of impulse given in Tablel is therefore not representative of voltage oscillations due to switching
operationsin aGlSingdlation.

24 Proposed EMC test procedure

Taking into account the results discussed above the transient overvoltage behaviour of the existing I1T's should
be preferably checked by measurements with the complete GIS ingdlaion under norma switching operaions.
Experience has shown that the results obtained under these conditions differ little compared to those recorded at
fina verification tests after replacement of the secondary sysems. The fundamentd trandent behaviour remains
practically unchanged.

The best possible test procedure is to look a te overdl phenomenon, i.e dl restrikes occuring during closing
and opening of a disconnector as shown in figure 5 ab. The time-dependent overvoltage characteridtic relaed to
the first restrike a disconnector closing is additiondly recorded (see Fig. 4). The gpplication of the Fast Fourier
Trandorm (FFT) for anadlysing the frequency behaviour of the transmitted overvoltage a the same time is a
grest advantage (compare Fg. 9). This function is offered by advanced digitd oscilloscopes. The use of the
proposed procedure alows for a correct judgement of the trangent behaviour of IT son site.
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3. TOREPLACEIT'SORNOT

The decision to replace the existing 1T's completely, partly, or not a al is aso important from an economica
point of view. A tharough evaudtion of the existing Stuation is required.

The EMC conformity test method described in Section ., o soamsss ek povect mms
24 has been successfully proven. As an example of Lo oo .
measurement, for a 123 kV VT Hg9 shows the time- | [ i | | J' | I' . ;-'; e
dependent  overvoltage charadteristic of the first re | | ‘ | W | | cpzm
drike recorded a closng of a disconnector. Tha |

switching condition in the GIS ingdlaion was se-
lected for which the highest transmitted overvoltage
in the secondary circuit occurs. At the same time a
FFT analyss was applied showing a typicd exiting
frequency of the GIS ingdlaion of 21.5 MHz in the
given stuation. The tested VT's are not equipped
with an appropriate metallic screen for EMC shied-
ing. As a result, trangmitted overvoltage amplitudes | :
up to 36 kV were measured. When dectronic equip- T TRE T ERY W ioins o A EET 5 jen 1as0
ment is integrated in the secondary circits of a GIS BN zwask zEME: M
ingdlation  induced  dectromagnetic  disturbances
should not exceed a pesk vdue of 1.6 kV [3]. The

Fig.9: Transient overvoltage (time-dependent characteristic)
recorded for thefirst restrike at disconnector closing

VT's h@/e been repla:ed _ ) ) for a123kV VT without EMC measures, including a
According to fidd experience with different substar FFT frequency analysis

tion configurations, a criterion of judgment of the (Rugen = 560 O, 8 m cable connection to control
EMC conformity of IT's with electronic equipment cubice)

connected to the secondary circuits is presented in
Table 2 It may be usad to assess the exigting situation
with respect to the EMC conformity of IT's.

Table 2 Criterion of judgement of the EMC conformity for IT's

Instrument transformers (VT and CT)

Highest value of transmitted Dedis
overvoltage recorded edson
— 1600V replacement not necessary,

application of additional measures not necessary

replacement not absolutely necessary, however
>1600V - 4000V gpplication of damping elements (e.g. ferrite cores) may
be required, find EMC verification test recommended

replacement recommended,

> 4000V improved EMC shielding necessary

If the highest amplitudes recorded for both differentid and common mode voltages are lower than 1600 V,
additiond measures are not necessary and EMC conformity is achieved. Experience indicates that the safety
margin is sufficient compared to the test voltage of eectronic equipment of 2.5 kV for the damped oscillatory
wave test [7], provided that the frequency of test wave was 1 MHz,10 MHz and 50 MHz as recommended by
IEC 60694 [3]. If the overvoltage levd a the input terminds of control cubicle exceeds the limit value of 1600
V dightly, the measurements may be repeated at the input terminds of eectronic devicesThe criterion for EMC
conformity isthe same as before.

Finaly, it should be noted that any decision for replacement of an I T must aso consider other important aspects

such astheinfluence of change of burden on I T specification [2].

4. CONCLUSIONS

— A modification of secondary equipment, i.e. upgrade from dectromechanica equipment to eectronic may
aso require an adaptation of the existing I T"sto achieve EMC conformity for the upgraded GI S ingtallation.
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The EMC conformity of the existing IT's should be checked by measurement. An appropriate testing
procedureis presented. Its vaidity is proven by on-sitetests.

IEC methods for testing EMC conformity, actualy under onsideration by IEC 60694 and IEC 60044-1,2,
have been tested in practicee A need of further improvement with respect to red service conditions is
demongtrated.

A criterion of judgement of EMC conformity of IT's with eectronic equipment connected to the secondary
circuits is proposed. It may help to judtify the measures on existing IT's including replacement and to sdect
atechnicaly and economicaly optima solution.
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