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Chapter 3  
 
On-site PD Measurement 
 
 
 
 
 
The on-site measurement contains several data sets (see Appendix A) that allow us to 

analyze the measured data from both the top and bottom drain valves of the Northfleet 

West SGT3A 500 MVA 400kV/275kV transformer for possible PD generated acoustic 

signals.  The detailed installation information of the sensors (fiber optic (F), and 

piezoelectric transducer (PZT)) is illustrated in [20]. Here, we will focus on identifying 

PD like signals from the measurements and will discuss what data is available and what 

digital signal processing techniques were applied to perform signal analysis. 

 
For convenience, we refer the possible PD generated acoustic signals as PD signal 

throughout this thesis.  

3.1 Measurement set-up 
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In this measurement, we recorded data on four channels from a 500MHz LeCroy 

oscilloscope simultaneously.  Channel 1 was set to take the signal from FB11 (most of the 

time during this test) and, in some of the cases, magnitude trigger with no time delay was 

set to capture the PD generated acoustic signals.  Other three channels were recorded on 

other three sensor signals distributed at different places.  The selection of the trigger level 

is done by trials in a way that the most significant PD spike was recorded.  We also 

buffered long enough data (~1 million points for both time and amplitude recording) to 

cover the signal before and after the trigger point. 

 
The measurement data recording is classified by the state of the transformer: power on or 

off; and valve openness (open, or shut).  Here ‘power on’ means the transformer is 

energized and vice versa; and ‘valve open’ is when the bottom drain valves (both 2” and 

3”) were open; the fiber sensors in 3” valve and PZT sensors in 2” bottom valve were 

placed just outside of the valve shut for oil leak control purpose.  The group of sensors 

stayed in the same position, as it was when valves were shut, when the bottom valves 

were open.  For the sensors placed at the top valve, the valve was always open for 

measurement.  For ease of illustration of different data set, we use the following 

abbreviations to represent where the data were collected:  

 
Table 1. Data recording abbreviation in corresponding to sensor location. 

Abbreviation Sensor location 
FB1 Fiber optic sensor #1 at the bottom 3” valve 
FB2 Fiber optic sensor #2 at the bottom 3” valve 
FT1 Fiber optic sensor #1 at the top 2” valve 
FT2 Fiber optic sensor #2 at the top 2” valve 
FT3 Fiber optic sensor #3 at the top 2” valve 
PZTBI PZT at the bottom 2” valve (inside) 
PZTBO PZT outside of bottom 2” valve (on-the-left wall) 
PZTTO PZT outside of top 2” valve (on-the-right wall) 
PZTBS PZT at the bottom 3” valve on the back side 

 
 

                                                 
1 See Table 1 for the explanation of the abbreviations  
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Fig 13. Drain valves of the SGT3A 500MVA transformer for PD detection sensors and sensor 

mounting locations  
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Fig 14. Photo taken from 400 kV side of the transformer 

 

 
Fig 15.  Fiber optic sensors at the top valve (red-circled). 
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Fig 16. PZTs at the bottom valve and on the transformer wall. 

 

The sensor mounting mechanism to the transformer drain valve was shown as following: 

(courtesy of Bing Yu). In this design, we have the freedom of moving the PVC pipe in 

and out to accommodate the actual measurement conditions. 
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Fig 17. Sensor installation at the NGC transformer drain valve 

3.2 Typical Measured Signals 
 
Examples of typical measured signals from the fiber optic sensors at top drain valve and 

bottom drain valve are shown in Fig 18 and Fig 19. 
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Fig 18. Measured signal (024) from fiber optic sensors. Top: sensor placed in the bottom drain valve; 

Bottom: sensor place in the top drain valve. 2 

 
Fig 19. Measured signal (012) from fiber optic sensors. Top: sensor placed in the bottom drain valve; 

Bottom: sensor place in the top drain valve. 

 

                                                 
2 The number in the parentheses in the title of each plot indicates the test number, see Appendix A for 
details. 
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As it is shown in Fig 18 and Fig 19, the most dominant spike occurred at time 0, where 

the signal intensity passed the set trigger level.  Similarity in both signals from the fiber 

optic sensors at the top and bottom drain valves, is that the light source noise is obvious 

in the measured results.  The signal from FB1 has more significant spikes than that of 

FT3.  If we assume that the PD occurs just at where FB1 is placed, with the distance 

between FB1 and FT3 is about 7.5 meters, and the acoustic propagation velocity in oil is 

1500 meter/second, then the time delay for the same PD signal showing on FT3 would be 

0.005 seconds.  We have placed our best fiber optic sensors at the top and still we do not 

see any major spike in the bottom plot of Fig 18; this implies the PD might have occurred 

far from the sensor location in the transformer and when the acoustic wave propagates to 

the top sensors, it was too weak to be picked up by the sensors.  Further reviews of the 

transformer design needs to be done to check for any blocking objects near the top sensor 

location.  Additional measured signal from fiber optic sensors can be found in Appendix 

B.  

 
Typical measured signals from an outside and an inside PZT are shown as following: 

 

 
Fig 20. PZT sensor measured signals.  Top: inside of the bottom drain valve; Bottom: outside of the 
bottom drain valve 



 

 33

 
From the PZT sensor inside of the transformer (PZTBI) measured signal, we can observe 

some form of PD-like signal as we have seen in the laboratory with each occurrence of a 

PD impulse inducing a cluster of exponentially decay of sinusoid-like wave.  However, 

the signature of the PZTBO contains some form of modulation carrier signal at 100Hz on 

top of the other signals.  This 100Hz modulation signal comes from the core vibration. 

Additional measured results of PZTBI can be found in Appendix B. 

 

The core vibration coupling to the measured signal is also observed in fiber optic sensors 

(Fig 21), though a significantly part of it has been filtered out by the band pass filter 

(18kHz) in the fiber amplifier. 

 

Besides the interference from the core vibration, the reference sinusoid signal from the 

oscilloscope, can couple with the measured signal of PZT sensors, no matter it is inside 

of on the wall of the transformer. 

 

 
Fig 21. The measured signal of a fiber optic sensor at the top of the transformer (FT2) 
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3.3 Valve shut vs. valve open 
 
Comparing the acoustic signal measurement before valve shut and valve open from fiber 

optic signals, we do not observe any significant difference.  It was expected that the PD 

signal might be blocked if we closed the valve, however, the PD signal intensity reduce 

by 10% to 15% from the measurement (see Appendix B (027-045)). 

 

For PZT signals, the amplitude of measured signals is so random that we could not come 

to any conclusion. 


