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2019 OMICRON Academy Transformer Trainings

January 30th and 31stïHouston, TX

https://www.omicronenergy.com/en/events/training/detail/electrical-diagnostic-

testing-of-power-transformers/471/

April 16th and 17thïToronto, ON

https://www.omicronenergy.com/en/events/training/detail/electrical-diagnostic-

testing-of-power-transformers/472/

August 28th and 29thïHouston, TX

https://www.omicronenergy.com/en/events/training/detail/electrical-diagnostic-

testing-of-power-transformers/171/

https://www.omicronenergy.com/en/events/training/detail/electrical-diagnostic-testing-of-power-transformers/472/
https://www.omicronenergy.com/en/events/training/detail/electrical-diagnostic-testing-of-power-transformers/171/
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Bushing Power Factor Testing: In-Depth

1) An Introduction to Bushing Power Factor Testing

2) An Introduction to Performing Power Factor Sweep Tests on Bushings

3) Bushing Power Factor Test Analysis

4) Bushing C1 Power Factor Test Examples

5) Using the Power Factor Sweep Tests to Identify Invalid Bushing Measurements 
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6) Bushing C2 Power Factor Test Examples

7) Energized Collar (Hot Collar) Test Examples

8) A Bushingôs Influence on the Overall Power Factor Test

9) Troubleshooting a Questionable Bushing Power Factor Test

10) Testing a Spare Bushing (Outside of a Transformer)

Bushing Power Factor Testing: In-Depth
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Bushing Power Factor Tests

Å Performing routine Power Factor measurements on bushings is critical 

for extending the life of a power transformer

Å Bushing insulation problems can be detected by performing periodic electrical 

tests,

o C1 Power Factor Test ïAñbushing tapò is required

o C2 Power Factor Test ïA ñbushing tapò is required

o Energized/Hot Collar Test ïA ñbushing tapò is NOT required
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Power Transformer Bushings

Å Required to pass system voltage through grounded transformer tank

Å Condenser type (capacitive graded)

Ç Oil impregnated paper (OIP, POC, O+C)

Ç Resin-impregnated paper (RIP, PRC)

Ç Resin-bonded paper (RBI)

Å Non-condenser type (solid bushing)

Ç Composite bushing

Ç Compound filled bushing

Ç SF6
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Condenser Bushing Design (Capacitive Graded)
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Condenser Bushing Design (Capacitive Graded)

C1 Insulation C2 Insulation

10kV

5kV
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Bushing Taps and ñTap Capò
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Bushing Test Tap Vs. Potential Tap

Å Bushings rated Ò 350kV BIL have 

test taps

Å Tap grounded in service

Å C2 test voltage typically 500V

Å C2 Cap å C1 Cap å 200 - 500pF

Å Bushings rated > 350kV BIL have potential 

taps

Å Tap grounded in-service or used as a supply

Å C2 test voltage typically 2000V

Å C2 Cap >> C1 Cap

Å C2 Cap å 2000-5000pF

Bushing with Potential Tap

Bushing with Test TapC2 Bushing Power Factor Test
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Bushing Construction with Test Tap 

Å Bushings rated Ò 350kV BIL have test taps

Å Tap grounded in service

Å C2 test voltage typically 500V

Å C2 Cap å C1 Cap å 200 - 500pF
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Bushing Construction with Potential Tap

Å Bushings rated > 350kV BIL have potential taps

Å Tap grounded in-service or used as a supply

Å C2 test voltage typically 2000V

Å C2 Cap >> C1 Cap

Å C2 Cap å 2000-5000pF
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Bushing Power Factor Tap Adapters

Westinghouse Type O

(hockey stick)

Westinghouse Type OS, S

ASEA GO Types

Westinghouse O Plus
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ñThe Power Factor Checklist"

Å The Power Factor measurement is highly sensitive, and is one of the most difficult 

measurements to ñget rightò(i.e. to perform correctly)

Å TheñPower Factor checklistòis a series of steps that must be observed, when performing a 

Power Factor measurement on an insulation system, to ensure that the correct measurement is 

obtained

Å Failure to observe all the steps in the ñPower Factor checklistò often results in ñbadò 

Power Factor measurements (i.e. invalid Power Factor measurements)
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ñThe Power Factor Checklist"

Ç Is the transformer tank solidly grounded to earth-potential?

Ç Is the test-equipment solidly grounded to earth-potential?

Ç Are the bushing terminals of the transformer completely disconnected and 

isolated from any cable, bus-bar, support insulators, surge arrestors, etc.?

Ç When applying a test-voltage of 10kV, a minimum clearance of 3in. must be 

observed (which is the minimum distance required between the bushing 

terminals that are energized, and any other surface at a different potential)

Ç Avoid using a rubber blanket or any other insulator to isolate the bushing 

terminals from any other surface at a different potential

Ç Are the surfaces of the bushings clean and dry?  People often do not respect how 

significantly moisture on the bushings can influence a Power Factor measurement

Ç If the bushings have a porcelain exterior Ą use Windex or Colonite

Ç If the bushings have a silicone exterior Ą use a clean, dry rag
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What Should I Use to Clean and Dry the Bushings?

Å Use a clean, dry rag

Å Use Windex

Å Use Collinite

Å Use a Heat gun

Å Do NOT use alcohol ïThe application of the alcohol will cool the surface of the 

bushings and attract moisture
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Ç Are the groups of bushing terminals short-circuited together (i.e. all HV 

bushing terminals shorted together, all LV bushing terminals shorted together, 

etc.)?

Ç Use bare copper, to short-circuit the bushing terminals together ïDo not 

use insulated leads!

Ç Connect the shorting jumpers as tightly as possible from bushing terminal-

to-bushing terminal

Ç Remove all in-service grounds from any neutral bushing terminals ïFor

example, remove the in-service ground-connection from the X0 bushing terminal, if 

applicable

Ç Place the LTC in any off-neutral tap-position -Some LTCs have a ñtie-in resistorò, 

which may be inserted into the test-circuit when the LTC is in the Neutral tap-

position. This ñtie-in resistorò caninfluence a Power Factor measurement

Ç Ensure that the HV cable is ñin the clearò, and that the last two feet of the HV 

cable is not touching any surface of the transformer (e.g. the transformer tank, the 

bushing surfaces, etc.)

ñThe Power Factor Checklist"
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Ç Do not Power Factor test in the rain

Ç Avoid testing in high-humidity situations

Ç Do not Power Factor test when the temperature of the oil is close-to, or below, 5ÁC

Ç Power Factor test after lunch, if possible

ñThe Power Factor Checklistò
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The Bushing C1 Power Factor Test
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Å The C1 Power Factor measurement tests the majority 

of a bushingôs insulation system (from ñinside-outò)

Å The C1 Power Factor Test is a solid indicator of the 

condition of a bushing; however, the C2 Power Factor 

Test should not be ñskippedò

Å Review the ñPower Factor Checklistò prior to testing

Å Remove one ñtap-capò at a time

Å The test-voltage should not exceed the line-to-ground 

voltage rating of the bushing under test
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Bushing C1 Power Factor Test Procedure

Å Place the high voltage lead on the center conductor of the bushing (or anywhere 

on the shorted electrode)

Å Place the current measurement lead on the tap of the bushing (tap adapter may 

be required depending on bushing type)

Å Perform a UST test to measure the C1 insulation system of the bushing
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Å The Bushing C2 Power Factor measurement tests the 

small piece of insulation between the tap and ground-

flange of the bushing

Å The Bushing C2 Power Factor Test should not be

skipped, because it tests the integrity of the bushingôs 

tap-connection, and tests the last layer(s) of insulation of 

the bushing

Å The Bushing C2 Power Factor Test can be 

significantly influence by moisture and/or a foreign 

substance inside the ñtap-areaò of the bushing

Å Ensure that the ñtap-areaò of the bushing is ñclean 

and dryò before performing the C2 Power Factor Test

The Bushing C2 Power Factor Test
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Bushing C2 Power Factor Test Procedure
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C1 Insulation C2 Insulation

Å C2 measurement can be heavily influenced by the 

environment or any foreign substance in the tap area

Å Test voltage determined by the tap type (test tap = 500V, 

potential tap = 2kV)

Å Some bushing manufacturers do not ñcontrolò the C2 

capacitance (especially on ñlow-voltageò bushings)

Å Get the high-voltage cable ñin-the-clearò
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Bushing C2 Power Factor Test Procedure

Å Place the high voltage injection lead on the tap of the bushing (tap adapter 

may be required depending on bushing type)

Å Place the current measurement lead on the center conductor of the bushing 

(or anywhere on the shorted electrode, if the bushings are shorted together)

Å Perform a GST-Guard test to measure the C2 insulation
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Energized Collar/Hot Collar Test Overview

Å Typically only performed on bushings without a tap

Å Does not stress the bushing insulation as well as the C1 Power Factor test

Å Not as sensitive to insulation failures as the C1 test (but when a bushing has 

no tap, it is the only electrical test we can perform on the bushing)

Å The measurement is especially useful for verifying the oil level of a bushing that 

does not have a sight glass

Å The test voltage for the Hot Collar Test is typically 10kV, regardless of the voltage 

rating of the bushing
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Energized Collar/Hot Collar Test Overview

Å The Hot Collar test essentially only tests the insulation near the area of 

the collar

Å Therefore, the collar may have to be moved around to different locations on a 

bushing, to test the different sections of the bushingôs insulation system...

1) At the top of the bushing

2) In the middle of the bushing

3) At the bottom of the bushing

Å The customer must weigh the diagnostic value against the amount of time it 

takes to perform a thorough Hot Collar measurement, to determine if the 

measurement is worthwhile

Å One option could be to only perform the Hot Collar measurement when there 

is a reason to suspect that there is a problem with the bushing (e.g. due to a 

visual inspection or due to a higher than normal Overall PF measurement)
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Å We typically do not assess the Power Factor value when performing the Hot 

Collar Test (due to the relatively low capacitance of the measurement)

Å We typically analyze the measured Current (mA) and Watts Loss (W)

Å The industry accepted rule-of-thumb is that, if the measured Watts Loss is 

below 0.1W, then the Hot Collar measurement is ñacceptableò

Å The measured Current and Watts Loss should also be reasonably similar to 

any previous measurements performed on the same bushing

Å The measured Current and Watts Loss should be reasonably similar when 

comparing measurements amongst ñsister unitò bushings

Energized Collar/Hot Collar Test Result Analysis
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Hot Collar Test - UST vs. GST Mode

Å When using the UST test mode

1) Tests area under and near the hot collar strap

2) Tests the oil level of the bushing (if the strap is applied under the top 

skirt of the bushing)

Å When using the GST test mode

1) Tests area under and near the hot collar strap

2) Tests the oil level of the bushing (if the strap is applied under the top 

skirt of the bushing)

3) May include leakage current across the surface of the bushing (which 

could be due to a defect or due to the test environment)
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Bushing Investigation Tests

Å Visual Inspection (check oil level, oil color, look for cracks, leaks, etc.)

Å Power Factor Frequency Sweep Test (aka variable frequency power factor)

Å Power Factor Voltage Sweep Test (aka ñvoltage tip-up testò)

Å Overall Power Factor Test

Å Inverted C1 Test

Å C1+C2 Test

Å Multiple Energized Collar Tests
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An Introduction to Performing Power Factor 

Sweep Tests on Bushings
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Bushing Power Factor Sweep Overview
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Bushing Power Factor Sweep Overview
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Who Can Benefit from Performing the Sweep Measurements?


