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Video of Partial Discharge in Silicon
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Cable Cross-section Wafer 
After Legacy Destructive Cable Test

Courtesy of NEETRAC

Cable Failure in Laboratory – Cross Section
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PD Tracking on Cable Insulation



PCIC EUROPE5

Cable Failure

Courtesy of General Cable
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Cable Failure in a Joint
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Theory of Partial Discharges in Cables

Gap (air/gas)
“Void”

Inner
Conductor

Outer 
Conductor

Basic MV/HV Cable Design

Insulation

− Conductor

Insulation

+ Conductor 

Insulation

PDIV
PDEV



PCIC EUROPE8
− conductor

+ conductor

PDIV
PDEV

Time lapse: >100x Speed

Insulation PD on Accessory 



PCIC EUROPE9

Cut in Cable Insulation – with signs of water tree and PD
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Installation in the Field
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Cable Failure – due to installation error

Courtesy of General Cable
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Installation Error on Semicon cutback
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Cable Damage caused by Installation Error
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PD Tracking caused by Installation Error
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Installation Error > 2 years old



PCIC EUROPE18

Installation Error > 2 years old
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Installation Error on Cable End Termination
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Cable & Accessory International Standards
Factory QC Standard Test 

Frequency
Test 
Sensitivity

Threshold
(for 50/60 Hz)

Terminations IEC 60502-4
IEEE 48

50/60 Hz
50/60 Hz

≤ 10 pC
≤   5 pC

U ≤ 1.73 Uo
U ≤ 1.5   Uo

Joints IEC 60502-4
IEEE 404

50/60 Hz
50/60 Hz

≤ 10 pC
≤   5 pC

U ≤ 1.73 Uo
U ≤ 1.5   Uo

Separable Connectors IEC 60502-4
IEEE 404

50/60 Hz
50/60 Hz

≤ 10 pC
≤   3 pC

U ≤ 1.73 Uo
U ≤ 1.3   Uo

Medium Voltage 
Cables

IEC 60502-2
ANSIICEA S-97/94-682/649 

50/60 Hz
50/60 Hz

≤ 10 pC
≤   5 pC

U ≤ 1.73 Uo
U ≤ 4.0   Uo*

High Voltage Cables
EHV Cables

IEC 60840-4
ANSIICEA S-108-720 

50/60 Hz
50/60 Hz

≤ 10 pC
≤   5 pC

U ≤ 1.5   Uo**
U ≤ 2.0   Uo
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Testing Cables
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Workmanship Issue on Open Air End Termination
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Workmanship Issue on Open Air End Termination
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Workmanship Issue on Open Air End Termination
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Workmanship Issue on Separable Connector
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Workmanship Issue on Joint
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Workmanship Issue on Joint
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Workmanship Issue on Joint
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Conclusions

• >99% of issues are caused by improper Workmanship
• Partial Discharges (PD) is the dominant failure mode of MV cables
• Issues with Partial Discharges can be indentified with proper testing
• IEC / IEEE need to be followed for testing (sensitivity and voltage) 
• Identified and located issues must be adressed
• Proper workmanship can be achieved through training and QA/QC


