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Metrology for Future Energy Transmission

WP4: METROLOGY FOR HVDC GRID CONDITION
MONITORING

TASK 4.2: PROCEDURE FOR CHARGE EVALUATION IN
HVDC GIS USING MAGNETIC SENSORS
MEASURING IN THE 30 - 300 MHZ RANGE



Project Overview

Motivations:
-The increased need for gas-insulated substations (GIS) with remote monitoring.

- The IEC 60270 method is difficult to apply for onsite online substations.
- Unconventional methods do not provide a calibrated measurement.

This research focuses on an unconventional method in the very-high frequency range,
aiming to measure calibrated online PD in on-site substations.
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Content

GIS artificial defects characterization.
Test Workbench

Sensor development

Characterization and Charge Estimation
Validation
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1. HVDC PD parameters

« The PD BW does not change after electric ageing for corona discharge,
jumping particle, and Floating electrode. A change of BW was observed in
SD. The PD BW determines the BW of the measuring system.

* Data set: PD amplitude, repetition rate, and pulse oscillography as a
function of aging time.
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2. Test Workbench

e 1GHz bandwidth workbench for PD sensors characterization.
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3.1. Sensor development

* Balanced magnetic antenna with a frequency range of up to 300MHz.
 Higher common-mode noise rejection.

e Addition of 50 Hz electric field grading.
* Aluminum and carbon black combination.

e Electric shield as an electric antenna.
* Possibility to combine magnetic and electric field sensing.
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3.2. Sensor development

 Combination of VHF electric and magnetic sensor for PD power flow and
reflection suppression for PD charge improvement.
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4. Charge Estimation procedure

 The voltage double integral method is based on the sensor’s derivative response
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5.1 LV validation

e Charge estimation uncertainty in the LV test bench.

* Magnitude linearity
* Frequency linearity
* Noise to signal ratio
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6.2.1 HV Validation

* HV test bench for characterization and validation of magnetic antenna.
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6.2.2 HV Validation

MA/HFCT EA/HFCT |Syn/HFCT  |MA

ul%] |o[%] |ul%] |o[%] [u[%] |o[%] |NPR

No Noise 42 3] -19 3| -27 2 2

O CMpulse| 10%| 15 47! 39| 19| 30| 32 15

= No Noise| 10%| -35 8| -45 3] -34 5 2

o CMpulse| 10%| 25| 112 37| 23| -16] 37| 11

b= No Noise| 10%| -25 2| 14 3] -12 2 1

& i CMpulse| 10%| -18 42| -11| 11| -53| 33| 12
o

2 = No Noise| 10%| -18 2| -25 2| -13 2 1

£ CMpulse| 10%]| 39 52] -16] 19 1| 29| 11

2 < [NoNoise| 10%] 30 2] 12 2] 13 2 1

& < lcmputse] 10%] 30 18| -11] 10| -13] 18] 10

O | ., INoNoise| 10%| -16 2| 24 2| -10 2 1

< [cmputse| 10%] 17 2| -24 2| -10 2 1

o |AL[NoNoise] 10%| -32 20/ 39| 18| -29| 20 1

w [ © |A4 |No Noise| 10%| -46 23| 36| 27| -35| 28 2

o |AL [No Noise| 10%[ -22 5| -24 5] -20 5 1

< |a4 [No Noise| 10%| 25 4 9 4 -8 4 1

O No Noise| 66%| -14 55 6| 15| -19] 31] 11

L= [A1[NoNoise| 37%] 27| 24| 38| 13| 27| 18] 5

sle No Noise | 66% 9 94 -17] 21| -29] 28] 13

g 8 | Al [Nonoise | 63%| -24 31| 34| 12| -28] 19 7

& | A4 [Nonoise | 49%| -16 521 -17] 16| -21] 29| 11

2 | Al [No noise | 38% 9 86| -42| 17| -32| 37| 12

No Noise| 20%| -34 22| 29| 13| 31| 14 6

ole CMpulse| 10%| -71 22| 61| 33| -72| 25| 16

< a1 [NoNoise| 16%| -43 15 -38] 11| -37] 13 3

CMpulse| 15%| -52 17| -s0| 25| -56| 20| 16

The charge estimation is correlated to
the signal to noise level.
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Conclusions

Alternative method for measuring calibrated PD in GIS.

Its contactless functionality allows its use for online monitoring.
Allows wave shape construction for defect clustering.

Calibration method for on-site substations.

PD charge estimation sensitive to non-impulsive noise, increasing
the measurement uncertainty.

Future work

Noise rejection method to improve the SNR.
Interference rejection method.
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Thanks for your attention

Funded by: the EMPIR program by the Participating States and
from the European Union’s Horizon 2020 research and innovation
program.

Questions?
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