[image: image13.jpg]&
EMERSON.

Network Power



Frequently Asked Questions

December, 2010



	Frequently Asked Questions
Online Partial Discharge Testing

(for Cable Systems with Extruded Insulation)
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	What is partial discharge?
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	What is partial discharge testing?
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	Why test for partial discharge?
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	What causes failure?
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	Are there other tests I could use to evaluate my cable system?
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	What's wrong with Hipot testing?
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	How is partial discharge testing predictive?
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	Are shutdowns required for partial discharge testing?
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	What types of problems can partial discharge testing identify?
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	What type of information will I receive in a report?
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	How can partial discharge testing save money?

	[image: image12.png]



	After the test, how will I know if partial discharge is occurring in the future?


What is partial discharge?
According to the International Electrotechnical Commission (IEC) International Standard 60270, Section 3.1 published in 2000, the definition of partial discharge is:

“Localized electrical discharge that only partially bridges the insulation between conductors and which can or cannot occur adjacent to a conductor.”  

These discharges result when the applied voltage causes the electric field in a localized (almost microscopic) area of the insulation system to exceed it’s dielectric strength.  
Partial discharges in the insulation are the main cause of aging and failure in insulated cables. The discharges result in “electrical treeing” that leads to deterioration and breakdown of the insulation and eventually to cable failure.

Partial discharge (PD) occurs at voids, gaps and defects in medium and high voltage cable systems. If allowed to continue, partial discharge will erode the insulation, usually forming a tree-shaped pattern of deterioration (“electrical tree”) and eventually result in complete breakdown and failure of the cable or accessory. Such failures cause unplanned power outages, loss of planned production, equipment damage and/or personnel injury. 
What is partial discharge testing?
PD testing is a non-destructive, non-invasive predictive maintenance tool that helps detect and locate partial discharges in cable and accessories, enabling replacement before failure occurs.
Why test for partial discharge?
Partial discharge testing can detect: 

· Insulation defects that may have occurred during cable system installation or the manufacturing process 

· Insulation deterioration due to normal service operating conditions 

Partial discharge testing is a PREDICTIVE and Qualitative analysis tool that can warn of a potential upcoming system failure. 

A partial discharge testing program can locate problems that may occur at splices, terminations or in the cable. 

Partial discharge test results can be trended over time. 

Unlike traditional high potential testing, partial discharge testing is not destructive to an insulation system. (Hipot testing is typically a “go” or “no-go” test -- the cable either fails or it doesn’t). 

What causes failure?
Most cable system failures occur at splices and terminations. Such failures typically result from PD that initiates at assembly defects, such as improper fit (gaps or too much or too little overlap of the semicon/insulation interfaces) or inadvertent cuts or other improper preparation of the components. PD can also occur on termination surfaces where dirt or contamination builds up. Continued PD in such situations can lead to tracking, surface erosion, carbon deposits and eventual flashover and failure.   

Cable installation damage caused by exceeding the allow
ed bending radius or allowed pulling tension can create cracks, gaps, separations or other voids in the cable structure. Such voids provide sites for PD initiation.   

As cable insulation ages, it absorbs water, which, in the presence of electrical stress, results in the formation of “water trees.”  Water tree defects in operating cables become larger with time. When water trees lengthen, such that they bridge a considerable portion of the insulation, they become possible sites for inception of PD. Overvoltages produced by switching transients or lightning surges may increase electrical stress in a water tree to a level that will cause initiation of PD.

PD, once initiated, will continue to erode the insulation, forming the traditional “electrical tree” pattern in the insulation. Continued PD in an electrical tree will further erode insulation, creating and enlarging microscopic tube-like channels through the insulation. Electrical trees lead to complete insulation breakdown and cable failure.       

Are there other tests I could use to evaluate my cable system?
The IEEE 400-2001 standard for field testing and evaluating shielded power cable systems presents several testing options. Of these options, three are overvoltage withstand tests, (go, no-go), which provide little or no data for trending analysis.  They involve subjecting the cable system to high voltage – usually a voltage that is several times the normal operating voltage.  

The IEEE standard also presents two condition assessment methods:

1. Partial discharge testing

2. Dissipation factor (tan delta) testing 

Of these, only online partial discharge testing can be performed while the cable system remains energized and in service. For applications in which it is impractical to remove the cable system from service to perform maintenance testing, the online PD test offers the only practical alternative.

What's wrong with DC Hipot testing?
High potential (Hipot) testing involves de-energizing, disconnecting and subjecting the cable system to high voltage – usually a voltage that is several times the nominal operating voltage. 

According to two studies conducted by the Electric Power Research Institute (EPRI), there is evidence that DC Hipot testing could cause damage to extruded cables – especially field-aged cross linked polyethylene (XLPE) insulated cable.

EPRI studies TR-101245 and EL-6902 concluded:

· DC Hipot testing of field-aged cable reduces its life

· DC Hipot testing of field-aged cable generally increases water tree growth

· DC Hipot testing before energizing new medium voltage cable doesn’t cause any reduction in cable life

IEEE-Standard 400-2001, Guide for Field Testing and Evaluation of Shielded Power Cable Systems, states “testing of cables that have been service aged in a wet environment (specifically, XLPE) with DC voltage levels may cause the cables to fail after they are returned to service. The failures would not have occurred at that point in time if the cables had remained in service and had not been tested with DC.” This standard also indicates that other testing has shown that “even massive insulation defects in extruded dielectric insulation cannot be detected with DC at the recommended voltage levels.”

How is partial discharge testing predictive?
At periodic intervals, we test the cable system, evaluating the level of PD present. Over time, these measurements are compiled and trended to determine whether, and to what extent, PD is increasing. This information can be used to help determine where and when to take action before failure occurs.  
 
Are shutdowns required for Online partial discharge testing?
No. This is a key advantage of online PD testing. Custom-made sensors are normally placed around the cable or drain wires while the cable is remains energized at normal operating voltage. 
 

What types of problems can partial discharge testing identify?
Using our Partial Discharge testing technology, our technical staff can identify:

· Defective splices

· Defective terminations

· Dirty or contaminated terminations

· Damaged cable insulation

· Terminations producing corona

Note: Online PD testing will not identify Water Trees in cable insulation.

What type of information will I receive in the partial discharge final report?
The report identifies each location or Point of Attachment (POA) where we tested for PD and indicates whether we detected any evidence of partial discharge. Severity level of PD is indicated by “Green, Yellow or Red” levels.  Recommendations for cable system repairs, replacements or additional investigative steps are also provided. 

 
How can online Partial Discharge testing save money?
· Testing is conducted without disrupting power or facility operation.

· Early identification of cable system deterioration saves maintenance dollars.

· Reduces the number of emergency repairs and lowers overall repair costs

· Enables the tested cable system to remain in service until corrective action can be taken
 

After the test, how will I know if Partial Discharge is occurring in the future?
When low or moderate levels of partial discharge are found, we recommend retesting the cable system in 12 to 36 months, depending on severity. Our follow-up site assessment includes a written report of findings, recommendations and a comparative analysis demonstrating trends in PD activity.

 







