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moving particle is used as the reverence level mei is the

Abstract—PD measurements in the UHF frequency range are most common failure type [2]. The value of 5 pCading to

an important tool for diagnostic at GIS. A general correlation

between the measurement according to IEC standard0270 and
measurements in the UHF range is not possible. Byé use of a
"sensitivity check” the quality of the UHF measuring system is
verified at GIS. In this contribution the usual procedure is
pointed out and the boundary conditions and simplitations are
shown. The knowledge of this is important for theriterpretation

of the result of the sensitivity check.

Index Terms—partial discharge, gas insulated switchgear

(GIS), UHF measurement, IEC standard, IEC60270, véfication
of the sensitivity

I. INTRODUCTION

the IEC standard is chosen because this sensits/ibeeded
for on-site measurements [2]. A sufficient sengitiis verified
if the injected impulse is measurable at the adjasensors.

A. Two step procedure for the verification of the sensitivity of
a UHF-PD- measurement system

1) Step 1: Measurement in the laboratory

In the first step the needed value of the impulsgmitude
is determined to create comparable PD spectrurtiwitab. It
iS necessary to put a moving particle nearby ataliest UHF-
sensor inside the GIS. The voltage of the innerootor is

O optimise processes in utiliies a condition baséacreased until the PD-measurement system accotditigC

maintenance strategy is essential. The liberatinatif the
energy market forces all utilities to reduce co&tsnsidering
the maintenance strategy of GIS, a sensitive Pctiet is
important. To identify the type of the PD, variopsoven
methods are possible, like the analyses of thegoheesolved
partial discharge (PRPD) pattern or other techriqf®r an
on-line and on-site, suitable PD measurement p@dsible to
use the method within the UHF range, because tbihiad is
more resistive to disturbances than the measureaceotding

to the IEC 60270 standard. The sensitivity of thesasurement

method is proved with a procedure called “verificatof the
sensitivity” or “sensitivity check”, recommended BIGRE.

60270, measures a value of 5 pC. If the PD valueashed,
the UHF spectrum of the moving particle should bEasured
at the adjacent UHF sensor. Now the high voltadachvis
responsible for the PD of the moving particle, mbs
switched off. The value of the impulse, which igated at the
sensor near by the particle, is changed until tle@asurable
spectrum at the adjacent UHF sensor is in besbeanity with
the spectrum of the moving particle, which was roesd
before.

Besides a visual correlation of the spectrumss passible
to use different mathematical analysis methodsind the
impulse with the best correlation of the spectrum the

By the interpretation of this sensitivity, it isaessary to keep frequency range between 300 MHz and 1,4 GHz [3].

the boundary conditions in mind.

Il. SENSITIVITY CHECK FORGIS

Because the measurement in the UHF range cannot
calibrated, a two-step procedure is used to guaeaatcertain

sensitivity of the UHF measurement system on-gita. the

practical use of the UHF method, it is sufficiemtguarantee a

certain sensitivity of the UHF measurement systéthe
procedure is based on the injection of a very fmetadband
impulse, so that the measurable spectrum in the t#dge is
comparable to the spectrum of a mobile particlehwat
discharge level of 5 pC, according to the IEC stadd1]. The

2) Sep 2: On-site measurement

bél’o verify the sensitivity of an on-site installedHB-PD-
measurement system it is necessary to inject thmilga as
defined in step 1 at a sensor. It is important$e the same
sensor, cable connections and measurement systémtlas
lab. Also the impulse shape and magnitude mushéeame.
If the spectrum, stimulated by the injected impulse
measurable at an adjacent UHF sensor, the systikransure
a sufficient sensitivity for the area between thesmsors.

Furthermore, the maximum distance between a realimmo

particle and a sensor approximates half of thedést of these
two sensors. This means that the PD signal has alesm
damping as the injected impulse of the sensitisfitgck.




B. Boundary conditions of the sensitivity check

By using this verification, it is important to coder the
boundary conditions of the method. The sensitiityeck
simplifies the transfer functions and uses boundanyditions,
which must be carefully observed for the intergietaof the
results [3].

1) Disregard of the reflexion and resonance

The measurable UHF-PD signal depends on the posifio
the PD and the sensor, caused by the complexitgsafinance
inside GIS [Feger]. If the position and orientatiohthe PD
source is known, it will be possible to calculate transfer
function with a complex high frequency model [4]r fa
coaxial arrangement. It is difficult to calculateettransfer
function form the sensors to all locations of pti®nPD
sources in respect of all details of the geomefrihe GIS.
The sufficient transfer function from sensor tos®nwhich is
secured by the sensitivity check, must not be tbestacase
transfer function between the PD source in the &8 the
sensor. But it is a good approximation for largstatices,
because the damping effects dominate in this deséransfer
function. Influence is thinkable in case of strameflexion or
resonance for example at T-junction or outgoing.lin

2) Definition of a sufficient sensitivity

The sensitivity check is based on the use of vest f
impulses, which are injected at a UHF- sensor. Uh#--
spectrum, which is stimulated by the impulse, isparable to
the apparent discharge of 5 pC of a moving partltleust be
pointed out, that the value of 5 pC apparent digghdor a
moving particle or an other failure type can be sidered
already as critically. [5]

3) Thereference failure type

The procedure is based on the comparison of
measurement according to the IEC and the UHF méefitnod
moving particle. For other failure types, for exdenpoint-
plain, floating electrode or other arrangements tatio
between the level of IEC measurement and the meamsunt
spectrum (or impulse energy) of the UHF methodfferdnt.

Reid [6] shows in his work that the ratio betwebese
measuring principles depends on the failure typee Tatio
between the measurement values according to theatieiGhe
UHF method of a moving patrticle is for example adegeous
in comparison to a point-plain arrangement [6]. Theving
particle, as a reference failure type, represeatsthre hardly
detectable failure, but is the most common failtyge in a
GIS. This effect is also recognizable in measurérn€RPRPD
pattern. The characteristic pattern for differgmiess of failures
is comparable for the IEC method and also in UHFhoe,
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however the ratio of the signal intensity differspending on
the failure type.
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Fig. 1. Measurement of moving particle accordanite IEC
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Fig. 2. Measurement of the same failure (simubbasemeasurement /
moving particle) with the UHF method

Figure 1 shows a PRPD pattern of a moving partigte a
discharge of approximately 2 pC according to theC IE
standard. In Figure 2 is a simultaneous measurewfettie
same failures measured in the UHF range. The typiatiern
is measurable and recognizable in both figures.
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Fig. 3. Measurement of a protrusion at the inmamndactor at low level
according IEC
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Fig. 4. Measurement of the same failure (protmusio an inner conductor at
low level / simultaneous measurements to Fig. &) the UHF method

At the point-plain arrangement in Figure 3, an appht
discharge of 5 pC according to the IEC standardgasurable.
But the signal of the PD source is not measurabkhé UHF
range (Fig 4.). The source is measurable in the tHiige not
until the apparent discharge becomes about terstimgher.
(Fig 5. +6.).
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Fig. 5. Measurement of a protrusion on an innerdaator at higher level

according to IEC
Measurement
1 LDIC [
] LDSELIN
Set Attenuator
- EIE
3
E I™ Autoranging
5 Recodrg
g,
Recoiding line:
| F 12 s v
0 El 180 21 a0 T
Phase {
Q (EC) 1.156 pos. PD peak FD detected  Delect level
- PU- oz Cis [2a7 s omo s " r
o
v | [.083 0.000 + - & au
: 0.660 gy e 1144 [0 v s
Voltage 10.8 3 2 Trigger| Senitivity| RIV Red
. kv S R Ex = High On
Int Low oif

Start... F2 | Prirt.. F& i Clear draw FE‘ Setings ... FS‘ Close ... F10 ‘

Fig. 6. Measurement of the same failure (portionam inner conductor at
higher level / simultaneous measurements to IEGFigith the UHF method

Additionally the PRPD pattern is not directly comgdale for

this PD source. Fig. 6. shows higher detectable Wighals in
the second half-wave than in the first one, whitecading to
IEC the results in both half-waves seems to beoafpgarable
amplitude. This is caused by the impulse less gtersi corona
of the point-plain arrangement at high field sttbngThe
bandwidth of such a corona is small and not deléetam the
UHF range. l.e. that the point-plain arrangemespeeially
during the first half-wave, seems to be betterplerforming a
worst-case estimation of the sensitivity of UHF sweaments.

This article shows the ,sensitivity check” at GI$ a
recommended by CIGRE. For the interpretation ofs thi
procedure attention is necessary for different &fiogation
and special definitions.

The meaning of the reference failure type is imguatrt The
moving particle is not the minimum detectable casehe
UHF range. Other failure types can have a much lemal
intensity than the moving particle at similar valaecording to
the IEC standard. The moving patrticle is the mashmon
failure and so it is possible to measure in majooit cases
very sensitive. Founded by the on-line the appllitgband
because of the robustness against disturbances,
measurement with the UHF method is a useful alterma
compared to other measurement principles. Additipria all
cases, such a sensitivity check is a possibilityeafy the
function of the sensor, the connection cable, thelidier and
the measurement system.

In connection with proceedings [7] to establish new
verification of the sensitivity procedure at otleguipment like
power transformers, it is necessary to discuss tiw
conditions for each device under test, especiafjarding the
failure type.

CONCLUSION

the
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