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The Power Factor Test

A The Power Factor Test is used to test the integrity of the insulation system of a transformer
A The Power Factor Test can identify the following insulation defects,
C Naturally aged, deteriorated, and/or contaminated insulation
C Overheated insulation
C Moistureingress, which 1 s one of the main Atransf
C

Localized insulation failures, such as a partial or full short-circuit to ground, or
between the windings
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The ABig Threeo of Power Facto

A

Il n nearly all cases, a fiquestionableo or dfab
by one of the following three things,

1. User-error
2. The test-environment

3. Compromised insulation

Most of the time, a Aquestionabl eo or nAabnor
by one of the first two items listed above

The test-equipment operator must troubleshoot, and retest, to determine which of the

three items |isted above iIs causing a Aquest
measurement
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The Value of Performing Power Factor Sweep Tests
A The voltage sweep test involves performing Power Factor measurements at
different test voltages (e.g. 2kV, 4kV, 6kV, 8kV, and 10kV)

A The frequency sweep test involves performing Power Factor measurements at
different test frequencies (e.g. at 15Hz, 30Hz, 60Hz, 200Hz, and 400Hz)

A Inits simplest terms, the Power Factor voltage sweep and frequency sweep
tests can be used to,

1. Better i1 dentify Abado Power Factor

2. Better assess the condition of an insulation system
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The

A
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Power Factor Voltage Sweep Test (aka the Voltage Tip-Up Test)

The voltage sweep test involves performing Power Factor measurements at
different test voltages (e.g. 2kV, 4kV, 6kV, 8kV, and 10kV)

At a minimum, an oil-and-paper insulation system should be tested at two
different test voltages (e.g. at 2kV and at 10kV)

In most cases, the Power Factor measurement performed on an oil-and-
paper insulation system should not be voltage sensitive

If a Power Factor measurement is not reasonably similar at two different test
voltages, then the measurement should be investigated
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The Power Factor Frequency Sweep Test
A The frequency sweep test involves performing Power Factor measurements at
different test frequencies (e.g. at 15Hz, 30Hz, 60Hz, 200Hz, and 400Hz)

A The Power Factor measurement is plotted versus the applied test-frequency;,
and is analyzed based on the shape of t

A Emphasis is typically placed on the Power Factor measurements at frequencies
bel ow 60Hz (1. e. at the nl ower frequenc

A A Power Factor measurement at a frequency below 60Hz, is more sensitive
than a Power Factor measurement at 60Hz
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Who Can Benefit from Performing Power Factor Sweep Tests?
The Test-Equipment Operator

A

Unfortunately, the Power Factor Measurement is highly sensitive, and is one of the
hardest measurements to figet righto

With a Power Factor measurement at one test-voltage and at one test-frequency, it is
difficult to determine whether or not a measurement is even valid

Invalid measurements often become obvious when the Power Factor sweep
measurements are performed and analyzed

The test-equipment operator should use the Power Factor sweep measurements
as a tool, to identify and correct 0nbsia o
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Who Can Benefit from Performing Power Factor Sweep Tests?
The Engineer

A

The engineer is responsible for assessing the condition of the insulation system, to
determine the best ficourse of actiono

Typically, the engineer is not on-site when the Power Factor measurements are
performed; therefore, it is difficult for the engineer to be confident that the measurements
are even valid

If the engineer has the Power Factor frequency and voltage sweep test results in-hand,
then they can better identify invalid measurements, which helps to prevent an incorrect
condition assessment

The Power Factor frequency and voltage sweep tests can be used to better assess the
condition of an insulation system at a given point in time, especially when there are no
historical test results to compare to
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Power Factor Frequency Sweep - Analysis Guidelines

A The analysis of the Power Factor frequency sweep measurement is performed
visually

A The condition of the insulation system is assessed based on the shape of the
frequency sweep traces

A In general, the analysis involves determining whether or not the shape of a
trace is Anormal o or Aabnor mal o
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Power Factor Frequency Sweep - Analysis Guidelines

A In general, if the insulation system under test is healthy, then the Power Factor value will
increase (from left-to-right) versus frequency for the majority of the sweep

A In general, if the insulation system is compromised, then the Power Factor value will
decrease (from left-to-right) versus frequency for the majority of the sweep

A Compromised insulation typically produces a distinctive fish-hook in the low-frequency
range (i.e. at frequencies below 60Hz)

A The guidelines states above are valid for fluid-filled power transformers and fluid-
filled bushings

A When comparing sister unit bushings, the shape of the frequency sweep traces
should be reasonably similar
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Four Exampl es
Frequency Sweep Results

ABB O+C Il - 115kV Bushings (2015)

PF frequency sweep
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Westinghouse Type O - 69kV Bushings (1969)

PF frequency sweep
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ATypical o,

Hubbell PCORE PRC - 15kV Bushings (2014)

PF frequency sweep
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GE Type U - 16kV Bushings (1978)

PF frequency sweep
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Four Exampl es

of

ATypical o,

Accep

Frequency Sweep Results (for fluid-filled power transformers)

PF frequency sweep
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PF frequency sweep

PF frequency sweep
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Example: Bushing C1 Power Factor Test

HAEFELY 115kV Bushings (2000)

—0O— H1
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2kV Power 10kV Power 10KV PF — "1;2?:"9
Factor Factor 2kV PF Factor
0.34% 0.34% 0.00% 0.38%
0.32% 0.32% 0.00% 0.37%
0.38% 0.41% 0.03% 0.35%

PF frequency sweep

e 58 188 150 28 250 3@@ 358 4ee
Hz

—Q=— H2 —O— H3
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Example: Bushing C1 Power Factor Test

ABB 0+C 115kV Bushings (1992)

2kV Power 10kV Power 10kV PF - \ameplate
Factor Factor 2KV PF Sl
Factor
0.25% 0.25% 0.00% 0.26%
0.24% 0.24% 0.00% 0.24%
0.30% 0.31% 0.01% 0.25%
PF frequency sweep
8.5
8.45
8.4
L 8.35
0.3 e
8.25 Mﬁfﬁ_ .

5] 58 180 150 200 250 380 350 480
Hz
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Example: Bushing C1 Power Factor Test

Lapp POC Series 2 115kV Bushings (1998)

2kV Power 10kV Power 10kV PFi
Factor Factor 2kV PF
0.27% 0.28% 0.01%
0.25% 0.25% 0.00%
0.66% 0.76% 0.10%

PF frequency sweep

B.38 |
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a 56 188 158 280 258 380 358 48
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Example: Bushing C1 Power Factor Test

GE Type-U 16kV Bushing (1964)

2kV Power 10kV Power 10kV PF1i NaPrr:) \eNpelﬁte
Factor Factor 2kV PF
Factor
0.32% 0.32% 0.00% -
0.41% 0.44% 0.03% -

PF frequency sweep

8 5@ 1ea 158 2e8 258 380 350 480
Hz

—0— Y1 —0O— Y0
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2kV Power
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Example: Bushing C1 Power Factor Test

ABB O+C 142kV Bushings (2010)

10kV Power 10kV PF1
Factor 2kV PF
0.24% 0.00%
0.36% 0.03%
0.23% 0.00%

PF frequency sweep

lee 156 280 25¢ 3@@ 358 400

Hz

—QO— H3
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Nameplate

Power
Factor

0.26%
0.26%

0.24%




Example: Bushing C1 Power Factor Test (note, the VFPF and
Tip-Up Tests were only performed on the H3 bushing)

ABB O+C 115kV Bushings (1999)

2kV Power 10kV Power 10kV PF1 NaFr)r; E\;\f)el}?te
Factor Factor 2kV PF
Factor
- 0.25% - 0.23%
- 0.29% - 0.23%
H3 0.46% 0.50% 0.04% 0.23%
PF frequency sweep PF voltage sweep
L, i 8.6 [¥]H
@.55 |
1 !
0.8 | | 8.5+ _ o—
0.6 3 | s | -
@4 -\SJ-_ - : | B.4—
2 58 188 158 208 258 308 358 408 2 4 & g 12 12
—0O— H3 —QO— H3

© OMICRON Page 23



Example: Bushing C1 Power Factor Test

PCORE 25kV Bushings (2017)

PF frequency sweep
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2kV Power 10kV Power 10KV PF i Na&‘j\%ﬁue
Factor Factor 2kV PF
Factor
0.62% 0.62% 0.00% 0.66%
0.76% 0.74% -0.02% 0.65%
0.61% 0.63% 0.02% 0.66%
0.59% 0.60% 0.01% 0.65%
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PCORE 69kV Bushings (2019)

Example: Bushing C1 Power Factor Test

2kV Power 10kV Power 10kV PFi
Factor Factor 2kV PF
0.81% 0.81% 0.00%
0.66% 0.66% 0.00%
0.56% 0.56% 0.00%
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Nameplate
Power
Factor

0.64%
0.65%
0.64%




