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EPRI & IEEE Failure Studies

▪   Analysis of 7500 machines (1983)

     37% Stator Winding Related

▪   Analysis of 3000 machines (1995)



Failure Study : HV motors in the Petrochemical Industry (1999)



Why testing/ monitoring the stator winding insulation status of critical motors and generators?

Source: CIGRE Study Committee SC11, EG11.02, “Hydrogenerator Failures – Results of the Survey“, (2003)

Damages leading to failure                                               Root causes of insulation damage

▪ Electrical diagnosis (static testing + Partial Discharge/ tan delta) of the stator winding is the most 

important predictive maintenance measure 



Insulation Materials 

▪ There are number of different high voltage (HV) insulating 
materials that are used for certain applications

▪ Common HV insulating materials
• Gasses

o Air (78% Nitrogen)
o SF6

• Liquids
o Mineral oil
o Silicon oil

• Solids
o Ceramic
o Glass 
o Mica
o Resin



Partial Discharge Basics

▪ ‘‘A localized electrical discharge that only partially bridges the insulation between conductors and which 
can or cannot occur adjacent to a conductor’’  - IEC 60270

▪ Present when voltage stress across the void exceeds the dielectric strength of the insulating material

▪ Physical and chemical changes may happen to the insulator which produce emissions that we can detect

▪  PD can manifest in different in different ways:
a) Internal  
b) Surface 
c) External / Corona

What is Partial Discharge (PD) ?



Properties of Insulating Materials

• Typical breakdown strength:

▪  Air:       24 kV/cm bar

▪  Hydrogen H2:   16 kV/cm bar

▪  SF6:       88 kV/cm bar

▪  Transformer oil: ~150 kV/cm (20°C)

▪  Epoxy resin:   ~300 kV/cm

▪  Polyethylene:  >500 kV/cm (Foils up to 8000kV/cm)

• Paschen’s law: EBreakdown ~ pd (p > 1bar)

• Hydrogen cooled generators: 3-7 bar

• SF6 insulated switchgear: 3-4 bar



Partial Discharge Basics

Occurrence of PD

▪ For the occurrence of PD two conditions must be met:

• The local electric field must have reached the critical inception field (E > Ecrit )  
• A free electron must be available to start the discharge avalanche       



Partial Discharge Basics
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Partial Discharge Basics

▪ Partial discharge is one root cause of insulation degradation

▪ PD detection is an early-stage test that can reveal any insulation 
weakness within the asset which prevents full breakdown and costly 
damages

▪ PD Location can help to find failure positions.

▪ PD measurements are non-intrusive and can be done online and 
offline with conventional or unconventional testing methods   

▪ PD analysis helps to improve the design of insulation systems

Why do we measure PD?

Figure: Flashover in transformer tank 
wall



Phase Resolved Pattern (PRPD)



Normative References

▪ There are currently no standards defining acceptance criteria for Partial Discharge 
testing on rotating machinery

▪ The lack of such criteria often causes endless discussions between owner and 
manufacturer after submission of test reports, even during factory tests

▪ An important difference between rotating machines and other applications is 
property to be PD-resistant versus other PD-free insulation systems 

▪ Frequently asked questions on this subject are:

– How much PD is now too much PD? 
– Defining acceptance criteria for a PD-resistant insulation systems?

 

 



Normative References

▪ Main “horizontal” standard, i.e. the IEC 60270

▪ Technical specifications and guides from IEC, IEEE, Cigré, EASA and EPRI

– Test circuits and procedures
– Voltage application sequences
– Test durations
– PD-detection bandwidths
– Calibration circuits
– Typical PD-phenomena

 

▪ IEC600034-27,  IEEE 1434-2014, Cigré ref.258 and ref.558, etc.  



Testing Methods

▪ Conventional Method  (IEC 60270)

• Device under test must be taken out of 
service

• Measurement can be accurately 
calibrated

• Noise sources, other than radiated, can 
be eliminated

• Requires coupling capacitor



Laboratory Measurements

Coupling 
Capacitor 
CC200B/V

PD detector 
ICMcompact

PD Calibrator 
CAL1A



Recommended Offline Test Circuits (1/2)

According to IEC TS 60034-27

▪ Motor or generator windings with accessible neutral connection allow energizing of 
complete winding to ground and the individual phases to ground



Recommended Offline Test Circuits (2/2)

▪ Motor or generator windings with internal neutral connection allow energizing of 
complete winding only (phase to ground)

According to IEC TS 60034-27



Motor/Generator Online Connection



Monitoring of Rotating Machines

Examples of coupling capacitors 
installations 

On Generator-
busbars

On Motor terminals

Rotating Machine

ICMmonitor

Stator Winding

Coupling Capacitors

Portable Online PD-

Monitoring System

Degradation of main insulation in early 
stage, including fault mechanism 
identification. 
Trending: Qp, NQS, PRPD



Monitoring of Rotating Machines

Rotating Machine

ICMmonitor

Stator Winding

Permanently installed PD monitoring 

system with remote access, automatic trending and alarming. 



Effect of Frequency Bandwidth 



Frequency Spectrum



Useful frequencies for electrical  PD measurements

• Low Frequency Range (IEC 60270, < 1MHz)

- Best Coverage of the entire device under test
- Partly hampered by Noise Interference
- Best Choice for conventional Off-Line Tests

• Medium Frequency Range (2-20MHz)

- Reasonable coverage (Signal Transmission)
- Moderate Noise Situation
- Best compromise for on-line monitoring (Survey Type)

• High Frequency Range (20-500MHz)

- Limited coverage
- Excellent near-field detection

- Reasonable Coverage, acceptable number of     
sensors
- Comparably low Noise Interference

• Ultra High Frequency range (300-3000MHz)



Noise Gating

▪ CT1 or CT100 can pick up disturbance pulses 
from shields of signal cables or from ground 
connections

▪ Instrument interrupts PD measurement for 
the duration (in microseconds) of  
disturbance pulses.

CT100 CT1



Stator Condition Assessment

▪ Failure root-cause investigations emphasize the importance of electrical 
and dielectric measurements

▪ A global recommendation for stator winding condition assessment:

• Factory acceptance test (FAT) include offline PD and Tan Delta 
measurements as baseline reference

• A first offline inspection 6-12 months after the commissioning 

• Further offline measurements every two years

• Alternatively, Permanent installation of coupling capacitors for 6 
months online measurements combined with offline every 4-5 years



Stator Bars Defects



Voids



Delamination (Positive)



Delamination (Negative)



Surface Discharge



Slot-Exit PD activity



Off-line vs On-line

• Off-line Testing (IEC 60270)
• Most important for laboratory and workshop setups 
• Requires separate power supply to induce PD activity
• Device under test has to be taken out of service
• Gas type, pressure, and humidity may differ from the operating condition
• Noise sources, other than possibly radiated noise, can be eliminated
• Measurement can be accurately calibrated
• Voltage level can be adjusted. 
• PDIV and PDEV can be measured.

• On-line testing 
• Typical for commissioning / testing on-site
• Allows for more frequent testing or monitoring of PD activity 
• Major strength in trending ability
• Permits examination of device condition throughout all factors of influence

• Power loading
• Temperature
• Humidity



Summary

▪ PD monitoring helps to assess the insulation health of 
Hydro generators, Turbo generators, motors, or other 
RMs

▪ PD Trending and changing PD patterns indicate incipient 
failure

▪ PD pattern analysis assists with failure Investigations 
(root cause analysis

▪ Added value id PD monitoring is combined with load, 
temperatures, and other values.



We are providing PD solutions for a wide customer base

Original equipment manufacturer 
(OEMs)

Power Utilities 

Service Providers Repair shops

Heavy industry

Test laboratories



Providing partial discharge solutions based on your purpose and need

• Quality assurance & quality control (e.g. 
Factory acceptance test)

• On-site offline testing

• On-site online testing

• Permanent monitoring

• Temporary monitoring

• Transformer

• Rotating Machine

• Cable

• GIS

• AIS

Applications Assets



ICMobserver

▪ Versatile partial discharge (PD) monitoring 
system for all types of medium and high voltage 
assets

▪ Fully parallel voltage and PD measurement on 
all channels 

▪ Remote access and analysis options

▪ State-of-the-art digital signal processing for an 
immediate data display and in-depth analysis 
without the need for further equipment

▪ Partial discharge measurements according to    
IEC 60270



Standard Features

▪ PD spectrum analysis for the selection of frequency bands with less disturbances

▪ Adjustable bandwidth from a few kHz to 10 MHz

▪ Parallel phase-resolved partial discharge measurement for up to four channels

▪ Parallel digital oscilloscope for fault location on power transformers and cables

▪ Effective noise gating for blocking phase-stable or phase-independent noises

▪  Four analogue inputs for monitoring additional environmental conditions, such as 
temperature and drive

▪ For analogue outputs for external monitoring purposes

▪ Web server for automatic data acquisition and storing for trend analysis, PRPDs, 
alarming, and reporting

▪ Built-in web-interface for access via PC or tablet without additional software



ICMobserver Software Dashboard



Phase Resolved Partial Discharge Pattern



PD Trend



Monitoring Web Server

Mobile Communication Interface (MCI) allows remote access 
via 3G/4G/5G



Accessories for  PD Measurements

▪ Coupling Capacitors
▪ HV PD Filters
▪ Quadrupoles
▪ Preamplifiers
▪ PD & RIV Calibrators



Our product portfolio covers various partial discharge needs

ICMcompact

ICMsystem

ICMmonitor

ICMmonitor Portable

GISmonitor Portable

HVcontrol

PRPDreplay

GISmonitor

ICMflex

AIAcompact



Our partial discharge measurement devices

The better fit for your purpose?
• Universal PD device 

• Highest grade of modularity and versatility

• Parallel measurement: Reduces overall testing time with multichannel 

option

• For complex measurements

Customer groups
• Repair shops*

• OEMs*

• Power utilities

• Heavy industry

• Service providers

• Test laboratories

Assets
• Transformer
• Rotating Machines

• Cable Assets
• Transformer

• Rotating machine

• GIS

• AIS

• Cable 

Applications
• Factory 

acceptance test 

• On-site online test
• On-site offline test

Applications
• Factory acceptance 

test

• On-site offline test

• On-site online test

Customer groups
• Repair shops

• OEMs

• Power utilities

• Heavy industry

• Service providers

• Test laboratories

*more common usage for these customer groups

ICMcompact ICMsystem

What makes it special?
• Stand-alone partial discharge device

• Quality assurance and quality control (end-of-

line, FAT)

• Available in various housing (Stand-alone, In-

house device (test bench), portable version)  



Our monitoring devices for all your assets

Assets
• Transformer
• Rotating machine

• GIS 
• AIS

• Cable

Customer groups
• Power utilities*
• Heavy industry*

• Service providers*
• Repair shops

Applications
• Temporary online 

monitoring

• On-site online test
• On-site offline test

Assets
• Transformer
• Rotating machine

• GIS 
• AIS

• Cable

What makes it special?
• Monitor insulation condition (MV & HV)

• Remote access with Monitor Web Server 

(MWS)

→  Always aware of asset‘s conditions

• Ideal noise handling

• Various versions specified for intended 

purpose

Why it might a better fit?
• Portable solution of a monitoring system

• Flexibility to monitor one asset after another for a limited 

period

• With ICMoutlander (Protective housing) monitoring under 

all weather conditions and environments

→ Reliable and precise results
ICMmonitor DIN rail with MWS

*more common usage for these customer groups

Customer groups
• Power utilities*

• Heavy industry*

• OEM (indirect 

customer)

Applications
• Permanent online 

monitoring

• On-site online test

• On-site offline test

ICMmonitor ICMmonitor Portable



ICMoutlander

ICMOutlander 

▪ Water resistant (IP65) and dust tight

▪ Climate controlled -40 C to 85 C outside 
temperatures

▪ ICMmonitor portable built-in

▪ Monitoring Web Server (MWS) built-in

▪ Accessories and cables in one box



Our specialized solutions for GIS

Asset
• GIS

Applications
• Temporary online 

monitoring

• On-site online test

• On-site commissioning

Customer groups
• Power utilities*

• Heavy industry*

• OEM (indirect 

customer)

Applications
• Permanent online 

monitoring

• On-site online test

Customer groups
• Power utilities*

• Heavy industry*

• Service providers

• Repair shops

*more common usage for these customer groups

What makes our GISmonitor unique?
• Specialized continuous monitoring device for GIS

• Suitable for embedded + external UHF sensors available in 

the market

→ Allows retrofitting of existing GIS

• Real-time monitoring of multiple assets with multichannel 

system

• Up to 120 measurement channels in parallel

• Available in different versions

Reasons for the portable version
• Offered as a standardized solution 

• Portable monitoring version for GIS 

→ For temporary GIS monitoring

• Flexible solution, can be used for several GIS at your 

site

• Up to 40 measurement channels in parallel

Recommended: HV testing on single or three phase 

encapsulated GIS

Asset
• GIS

GISmonitor GISmonitor Portable



Other supportive PD solutions

How can it support you?
• Measures partial discharge and tan delta simultaneously

 → Results can be shown on the 

display at the same time 

 → Saves time and cost

• Delivers reliable valid results

Customer groups
• Repair shops* (on-site)

• Service Providers*

• OEM

• Power utilities

• Heavy industry

• Test laboratories

Assets
• Rotating machine

• Cable

Applications
• Factory acceptance test

• On-Site offline test

Customer groups
• Power utility

• Heavy industry

• Service providers

• Test laboratories

Assets
• GIS
• Transformer

• Cable accessories

Applications
• On-Site offline test
• On-site online test

The right additional support
• Light-weight compact instrument for acoustic & electric (UHF) PD

• Easy setup – automatic sensor detection

• Works independently with battery

*more common usage for these customer groups

ICMflex AIAcompact



Thank you for your 
attention!


	Slide 1
	Slide 2
	Slide 4
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56

