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PD Diagnostics: AC versus DC

Fromm, PhD Thesis, 1995
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PD Diagnostics under AC Voltage
electrode

electrode

test object

PD detection
methods:

IEC 60270

VHF/UHF

Acoustic

Optical

Chemical



4ISH 2023, Glasgow, UK, 28 Aug 2023

PD Diagnostics under AC Voltage
• Acceptance criteria (e.g. IEC 62271-203: 5 pC for GIS)

• Type of defect, critical defects and risk assessment
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Electric Field under DC Voltage: Equivalent Circuit
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Electric Field: Transition from Capacitive to Resistive Field

capacitive field
t = 0

resistive field
t → ∞ (10·τ)
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1,2 h0 h 0,5 h

conductor: 55 °C
screen: 35 °C
UDC = 450 kV

HVDC Cable: Electric Field Inversion

Jeroense, PhD Thesis, 1997
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Electric Field influenced by Space Charge Accumulation

Mashio et al.
Jicable 2023
Report A10-3
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PD under DC Voltage: Publications

general overview, to the best of my knowledge
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IEEE Electrical Insulation Magazine, 1997
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IEEE Electrical Insulation Magazine, 1997

Fingerprint by 22 features
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IEEE Electrical Insulation Magazine, 1997

Fingerprint by 22 features
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Acceptance Criteria – Mass-impregnated HVDC Cables

Jeroense, PhD Thesis, 1997
Proposal by Kreuger:   nꞏq  ≤ 2 nCꞏmin-1
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HV conductor, U = -180kV  

enclosure
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HVDC GIS: Moving particles

Particle at firefly



16ISH 2023, Glasgow, UK, 28 Aug 2023

DC

95 mm

SF6
0.55 MPa

Inspection
Window for

Video Streaming

Standard GIS module
(ø 500/120 mm)

Moving particles

Moving particle Particle at fireflyHVDC GIS: Moving particles 

Defect Δtmin Δtmax Δtavg
Protrusion 5µs 10s 50ms

Floating electrode 1µs 5s 500ms

Moving particle 2µs 50ms 20ms

Particle in Firefly 200ns 100ms 150µs

Void 1µs 10min 5s

Particle on Insulation 1µs 10min 10ms
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Partial Discharge Pattern at DC Voltage  
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NoDi* Pattern

Pirker, PhD Thesis, 2020
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PD Classification under DC Voltage by Pulse Sequence Analysis
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Features and Feature Extraction

35 features used for classification
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Database for HVDC GIS/GIL 



22ISH 2023, Glasgow, UK, 28 Aug 2023

Classification

We started in 2016 with WEKA
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Classification by Online PDDC-Analyzer
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CIGRE Technical Brochures

CIGRE TB 506, 2012
Chapter 8: Partial Discharges in HVDC applications
Summary of 22 references: years 1960 - 2002

CIGRE TB 842, 2021
Chapter 5: Typical defects and their PD characteristic
Appendix B: Pulse Sequence Analysis (PSA)
Summary of TB 506 + 21 references up to 2020

Gas Insulated System
for HVDC: DC Stress
at DC and AC Systems

Dielectric testing of 
Gasinsulated HVDC systems
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CIGRE Technical Brochures

CIGRE TB 852, 2021
PD measurement under DC voltage: not mentioned

Recommendations for testing DC extruded cable systems for 
power transmission at a rated voltage up to and including 800 kV
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IEC 60270, Edition 4, CDV (2023)
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IEC 60270, Edition 4, CDV (2023), Annex H



28ISH 2023, Glasgow, UK, 28 Aug 2023

IEC TS 62271-318, Edition 1, CD (2022) 

PD measurement under DC voltage at type test and routine test
(mentioned as alternative, acceptance criteria: 5 pC) and
after installation (recommendation, acceptance criteria: 10 pC),
Reference is given to IEC 60270 and CIGRE TB 654 (UHF),
PSA is mentioned

High-voltage switchgear and control gear –
Part 318 – DC gas-insulated switchgear assemblies

Technical content for dielectric tests is mainly taken 
from CIGRE TB 842
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Conclusion
• Measurement of PD pulse sequence under DC voltage

• Magnitude, time of occurence, voltage
• Noise suppression

• DC PD pattern for typical defects, e.g. NoDi* pattern
• Identification of PD defects

• Pulse Sequence Analysis
• DC PD pattern
• Machine learning tools

• Experience and knowledge rules

• Test procedures and acceptance criteria

• Standards for PD measurement under DC voltage

• Standards for reliable DC equipment, e.g. HVDC GIS

Race to Net Zero Emissions
…be a part of it!


