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Caracterizacion de Sistemas de Medida de Descargas P
en el rango de 0,1 MHz a 100 MHz

1. Sistemas de Medida DP de Laboratorio IEC 60270 (fm< 1 MHz |
* Pruebas metrologicas. Trazabilidad Q aparente. ‘

2. Sistemas de Medida DP On Site TS IEC 62478 (fm> 1 MHz)
« Sistema de Medida + Técnico experto en medida de DP.

3. Sistemas de Monitorizaciéon continua (sistema de medida automati
* Filtros automaticos de ruido.
* Herramientas automaticas de separacion de fuentes de DP (clustering).
* Inteligencia artificial para reconocimiento de patrones.
 Localizacion automatica de fuentes de DP en la red.

For power system expertise
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Caractenzamon de Sistemas de Medida de Descargas Parciales
— en el rango de 0,1 MHz a 100 MHz

Metrology fof
Future Energy
Transmission

Partial Discharges Simulator

Choose a noise type:

PD Laboratory Measurement On Site punctual PD Measurement PD Measurement
(IEC 60270) (IEC-TS 62478) (IEC-TS 62478)
Foeed noise fm < 1 MHz Fixed noise fm > 1 MHz Variable noise fm > 1 MHz
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Noise types to be superimposed to PD Pulses

Time domain Frequency domain

a) Invariable Noise #1 W Teeme Bmtervad

for PD MMeasurements
according to ITEC 60270

Laboratorio

b)) Invariable Noise #2
for On-site PD MMeasurements
according to TS TEC 62478

On site (puntual)

c) Wariable MNoise #3
for Continuous PID Monitoring

according to TS TEC 62478

Monitorizacion continua
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- PD pulse train

Characterization Procedure ‘.
a) for calibration of PD analysers with a HFCT sensor working according to TS IEC 62478 (f > 1 MHz) MJM h || M

Open Non |mpulswe
Cell for HEFCT Rload e —
R, . 508
Reference Database of ’ 4 -\‘ i -\ - % Wﬁmﬂ —
PD event trains I\‘ i "‘-.. / )
[igey- &
> Impulswe N0|ses
Pulse Participant i) .
Waveform _
Lab : 1 HA-H - B
Measuring ' ,
Sy stem , =
l [EC-TS 62478
Measuring System
\HFCT Coaxial Cable IECTS 62478 t
i(t) (/ Measuring
I I Instrument h
e
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¥ Procedimiento de Caracterizacion para Analizadores de DP
PD Analzyer with a HFCT sensors

Open Cell for

. R=950

308

Open Cell
for HFCT

Metrology for FutureEnergy Transmission
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Metrological Tests - Calibration

Procedure for qualifying PD Analyzers

Oz
PDSIM

Partial Discharges Simulator

Choose a mode:

. ‘ Calibration ‘ PD Defect Generation

Metrology for FutureEnergy Transmission



Procedure for qualifying PD Analyzers

TS IEC 62478 and (IEC 60270)

Metrology for
Future Energy
Transmission

"1 1) Non-impulsive noise rejection (for AC and DC).
: 2) Sensitivity tests:
Metrological 2.1) Linearty check (for AC and DC).
tests - 2.2) Resolution time, T, (for AC and DC).

2.3) Scale factor Error vs PD time, T, (for AC and DC).
2.4) IEC 60270 Largest repeatedly occurring
Diagnostic - A) PD recognition capability (for AC and DC).
Capability |B) PD clustering capabilty (for AC and DC).

Tests C) PD location capability (for AC and DC).

PD
Analyzer

Metrology for FutureEnergy Transmission 8
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Metrological Tests - Calibration

Procedure for qualifying PD Analyzers

1) Non-impulsive noise rejection Test

Measure the charge value (PD amplitude) and the PD repetition rate, n, of each generated pulse current train.

: Test 1 - Noise Rejection

| 50 0 Typ =718

. .: p \ {2250
a e 40 ] )

| Test 2 - Linearity | 9 o \ \\ f,235M
— E ) = E’-ao hags
| Test 3 - Resolution time | a9 §40 [Eror wilhout o)
| ) p \
) : ) e I T =421 04
| Test 4 - Tpd | ‘ 20 s e ¢ " \ \ 1150 04
L ) 0 / e ———— — \ \ =511 0%
; . . 0 " =010 ]
| Test 5 - Qiec | Y i’ \
; " T 2 52 1265 w02 m 1245 2

X X

Noise amplitude (pC) Noise: ampltude (pC)

PD Amplitude error vs Noise level pp rgpetition rate error vs Noise level
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Metrological Tests - Calibration

Procedure for qualifying PD Analyzers

2) PD sensitivity — 2.1) Linearity Test (AC or DC).

Measure the charge value (PD amplitude) for different PD amplitudes from 2 pC to 2,5 nC.

Test 2 - Linearity

| 2.1) - Linearity | 0.6 Top =75ns
- . f,=25MHz
) 04 F ]
| 2.2) Resolution time | = P f, = 3.5MHz
; .: E, 0.2 P Reference 200 pC
7~
| | S o ~ (Errer: 0.4 %)
' ' g,-02 — Noise amplitude:
|. | @ - 35 % of p. charge
. . ﬁ 0.4 T~ —— =1
06 Pulses per second:
' —e— 400 pulses/s
-08 —— . - —_—
10 52 115 200 500 1045

Pulses charge (pC)
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Metrological Tests - Calibration

Procedure for qualifying PD Analyzers

2. PD sensitivity- 2.2) Resolution Time T, .

When the charge error > 10% for pulse trains with different PD repetition rate, n (p/s)
(5 us to 1250 ps)

2) Sensitivity

2.1) - Linearity

0 Test 3 - Resolution time Tpp = 75ns
' f, = 2.5 MHz
N 0.1 1 1,=35MHz
2.2) Resolution time

. ;lgise amplitude:
0.4 - \/"\ / Eu.l_zizgﬂzgudes:
-0.5 \ / \ /

I V4 TN

5 10 20 40 a0 160 12580

Preview Resolution Time (us)
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Metrological Tests - Calibration

Procedure for qualifying PD Analyzers

2. PD sensitivity- 2.3) PD Amplitude error due to the pulse width
(PD Time, T, from 8 ns to 160 ns)

Measure the PD charge value: Low error for laboratory measurements (IEC 60270)<6%.
High error for on site test (TS IEC 62478) > 300%

Test 2 - Linearity | Testd-Td Testd - Tpd
P —————————— 2 :
[
Test 3 - Resolution time | h""\.\\ 0 \
S ~1 g &
| < v TS IEC 624
Testd-Tpod | : " \ S IEC 62478
.: : £
Test5-Qiec | o ?
" 3 \ 210
2l EL
¢, IEC 60270 <
LT (] 4 ' «
B s 7 1 1 B 16 15 15 110 150
_4 Ie TPD(HS) TPD (ns)
At
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Metrological Tests - Calibration

Procedure for qualifying PD Analyzers

2. PD sensitivity- 2.4) Largest repeatedly occurring PD magnitude, Q- (IEC 60270)

PD magnitude, Q,cc and the apparent peak value, for each PD pulse train with a
sEeciﬁc reietition frequency, Attention new revision of IEC 60270

| 2.1) - Linearity

| 20 Tost3-Qgs Top =750

| 2.2) Resolution time | I f, =680 kHz
| ~100 /3_ ] f, =720 kHz
.: ' gEs

80 = Pulse charge:
/ / (without noise)
0 i // —=—Sup. Lim
=& Measures

20 —=—|nf Lim

0.5 1 2 5 10 50 100 400
N (pulses per second)

Measured Qiec (%

1] IIJ\
kg
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Diagnostic CapabiltyTests — Generator of PD insulation Defects

Metrology for
Future Energy
Transmission

Procedure for qualifying PD Analyzers

PDSIM

Partial Discharges Simulator

Choose a mode:

‘ Calibration ‘ PD Defect Generation

Metrology for FutureEnergy Transmission

14
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Diagnostic CapabiltyTests — Generator of PD insulation Defects & Noises

Procedure for qualifying PD Analyzers

TS IEC 62478 and
L Qualification Tests

"1 1) Non-impulsive noise rejection (for AC and DC).

: 2) Sensitivity tests:

Metrological 2.1) Linearty check (for AC and DC).

PD Tests - 2.2) Resolution time, T, (for AC and DC).

Analyzer — 2.3) Sca ime, Tpp (for AC ar

4) IEC 60270 Largest repeatedly

. Diagnosti A) PD recognition capability (for AC and D
Capability B) PD clustering capabilty (for AC and DC). \

C) PD location capability (for AC and DC). /

Metrology for
Future Energy
Transmission

[
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Comparison on PD Analyzers & Diagnostics Systems

Expert Pilot /Technician
+

Machine

The Best PD
Diagnostic Team

1) Metrological Tests.

2) Diagnostic Capability Tests.
A) PD Recognition.

B) PD Clustering.

C) PD Location.

16
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Diagnostic CapabiltyTests — Generator of PD insulation Defects

Procedure for qualifying PD Analyzers

A) PD recognition capability for AC ( >1000 files of representative PRPD Patterns):

AC: Goal: Test artificial intelligence tools or train/verify expert technicians
- Corona in air,
- Surface in air,
- Floating Potential in air,
- Floating Potential in air,
- Cavity in solid,
- Mobile Particles SF6,
- Protussion in SF6,
- Surface in SF6.

. - Floating potential in SF6.

AC Defect number 1

- Mobile Particles in Oil.

- Burbles in Oil.

- Cavity in Paper-Oil.

- Surface in Oil.

- Floating Potential in Oil.

and different noise types... -
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Diagnostic Capabilty Tests — Generator of PD insulation Defects

Procedure for qualifying PD Analyzers

B) PD Clustering : Different PD trains can be superimposed in each Test (case #1..)

- It consists of superimposing two PD pulse trains associated with different insulation defects mixed
with two impulsive noises. The goal is to separate and identify them.
- different damped sinusoidal waveforms are used for each PD current pulse train or impulsive noise.

Time interval played back =2 seconds | ©
(100 periods)
] . . ' ' PRPD patterns recorded over the
PDSIM Casee Corona Surface Floatng Carty Iopiae | Topulae fme nervalof 2 cconds
PD Defect Generation — }J{_’IIEBFI T'I':'lﬁe #2 Defect #1 =
€ Change Mode Gﬁﬂ#l 2\5% 31}% | Il],."u 100% Corona
Pulse 7| Pulse ) Pilse ) Pl 7 = =
- - Defect #2 %
Cae#1] 1 W 100% 1 Cavity :
econtaton Pulse 23 Pues] | Pubedd | Pubes]
: Toe ouble Impulsive Noise #1 i gt < o
PD Recognition watl;lfmms# expo?lential PD f Pulse Waveform @ %‘ = "?;
pulse Tep(ns) | (MHz) o e o
PD Clustering Pulse #1 75 0 /\ o
—— Impulsive Noise #2
PD Location Pulse #2 75 6 7/\ e p
Pulse #3 75 12 ] 1
Bk J\/\ Acummulated
- Pulse #4 75 20 ,\/\/\/\_,_‘ pulse signals
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Diagnostic Capabilty Tests — Generator of PD insulation Defects

Procedure for qualifying PD Analyzers

C) PD Location: What is the location, x, where PD pulses are injected along a HV cable?

The test consists of injecting a PD current pulse train at an unknown location, x, along a coaxial cable
of known length L (around 200 m). PD current pulses will be injected by the synthetic PD calibrator
between the conductor and the shield of the coaxial cable.

v=200m ps lengt < 200 m

A B
=50 Q =50 Q
7=50 @
Sensor 2

—— Sensorl

PD Clustering

Sensor 2 | ws,

PD Location ] o ? .I"\ Sensorl MS, *»
oz HFCT Sensor #2 «V\AN\A
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Results Report

Procedure for qualifying PD Analyzers
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Comparison on PD Analyzers & Diagnostics Systems

Management Committee
Utilities: TSO, DSO
and Research Institutes
Sponsors and Recognition Award

Technical Committee
Accreditated HV Laboratories & Research Institutes
Defining Tests: Collection of DP patterns for DP recognition,
selection of DP trains for DP clustering test,
and definition of DP location

The Best PD
Diagnosic Team

Participants
PD Analyzer Manufacturers, Expert PD Technicians, PD Diagnostic
Service Companies, Researchers.
A) , B) and C) Tests for 30 minutes (in live)
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