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(@) <=&H™: Partial Discharge Measurement Techniques for Highly Aged XLPE Cable Systems—Propagation
Characteristics of Pulse Signal, €2&d&a 32 A2 A 2011EH028, 2=2& |t DEI-1141>
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(5 <&3&: Soundness Verification for Whole Cable Line by Partial Discharge Measurement Only at
Terminations—Considering with propagation Characteristics of High Frequency Signal,
A2HESAAIZA, 20126 12—, 22N I|SHS EWC-12-015>
H 2. Pulse propagation characteristics obtained
from pulse waveform measurement.
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1 <&&: Partial Discharge XXII: High Frequency Attenuation in Shielded Solid Dielectric Power Cable
and Implications Thereof for PD location, STEVEN BOGGS, |IEEE Electrical Insulation Magazine,

19969 1& Vol. 12, No. 1>
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Fig.3 Dielectric properties of typical distribution cable conductor (solid line) and strippable ground
(dashed line) semiconducting materials. The bottom curve shows the attenuation vs. frequency for an

XLPE cable which incorporates these semicons in a cable with the following parameters: conductor
diameter: 12 mm (0.5"), dielectric thickness: 5.6 mm (0.22'7, semicon thickness: 1 rnm (40 mils) each

layer.
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@<= Insitu Partial Discharge Detection in Power Plant Cables, 1998 108, NUREG/CP-0166 Vol. 3>

In solid—insulation defects, PD pulse shapes differ, and several PD pulse with different shapes can be
generated simultaneously from the same defect.
PD in solid insulation gives rise to electromagnetic pulses having a rise time ranging from few ns to
several 10's ns. These pulses become attenuated as they propagate.

Strong frequency discrimination occurs as pulses of high frequency are attenuated more intensively than
pulses of low frequency.
As a result, the rise time of a pulse degrades rapidly after a few feet of propagation, suffering a slower
degradation thereafter.
For example, the rise time of a 2ns pulse can increase to 10ns in the first 300feet, but only to 30ns after an
additional 1,000feet of propagation.
PD pulses occurred within less than 30feet from the point of measurement are expected to maintain their
initial shapes due to the short proximity to the source.

Therefore, it can be assumed that if the rise time of the detected pulse is less than 10us, it is very likely
that this pulse has originated near the point of measurement.

Likewise, PD pulses originated some distance away from the point of testing will have much wider rise
times when measured at the termination end of the cable.

In the frequency domain, PD originated near the point of testing will have frequency components as
high as 500MHz.

On the other hand, the higher—frequency components of the PD originated away from the point of testing
will be completely attenuated before they reach the testing equipment.

The attenuation and propagation of the PD pulses depends on the impedance of the cable.

Figure 9 shows the PD signal detected at several locations of the cable.

b
.

(Aw) epnyjuBep ad

requency (MHz)

Cable

PD
Figure 9 PD detected at several locations of the cable.
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® <&&: Developments for On-Line Partial Discharge Detection in Cables, in Australasian Universities
Power Engineering Conference (AUPEC 2001)

signal attenuation signal attenuation of 11 kV XLPE cable
( using clamping sensor ) ( using clamping sensor and HFCT )
1 1
0.8 0.8 -
= LPE .
= — g 06 ‘ HFCT
£ 04 - paper S 04 clamping
0.2 1 0.2
i 1 1‘0 1(I)O 0 ' ‘ ‘
1 10 100 1000
( metres ) ( metres )
Fig.4: Attenuation in paper and XLPE cables X X
Fig.5: Clamping sensor vs HF=CT.

The rise—times of the PD pulses vary in the order of nano—seconds to several tens of ns.

The pulse widths can extend from a few ns to some hundreds of ns.

Thus, the bandwidth of the PD signal can extend up to 1 GHz. Conventional electrical PD detection is
limited to the lower frequency range (<1MHz) where the noise level is relatively higher than that in the
upper frequency band.

Therefore, the high frequency detection technigue used here (>2MHz) would give a better SNR.
Frequency response measurement of the HF—CT sensor shows an upper limit of ~300MHz. The upper
cut—off of the clamping sensor is much higher, at least >500MHz.

However, the high frequencies in both paper/oil and extruded cables are quickly attenuated.

This is shown in Fig.4 for the clamping sensor. The attenuation is much higher in paper/oil cable.

It should be noted that the allowable PD level in paper cables is also much higher.
Also, since the HF—CT can measure the lower frequency components, its signal attenuation
characteristic is better than that for the clamping sensor (Fig.5).

Therefore, the HF—CT is better suited for monitoring long cables where PDs may occur far away from
the sensor.

On the other hand, the attenuation of HF components can be used to advantage in monitoring cable
accessories with the clamping sensor.
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@ <&&: LIMITATIONS IN THE APPLICATION OF ON-LINE AND OFF-LINE PD MEASUREMENT SYSTEMS,
CIRED 2005 18" International Conference on Electricity Distribution>

Attenuation of PD Pulses Along A Uniform Cable

A fast partial discharge pulse is rich in both high and low frequency content when it is represented in the
frequency domain. However, the high frequency content cannot propagate through the cable for reasons
already described and is increasingly attenuated as a function of cable length. Both the magnitude and
the shape of the pulses therefore change as they propagate with a finite velocity along a cable.

Figure 1 shows the results of a simulation in terms of the peak voltage produced by a current transducer
placed at a substation when a 20000pC PD pulse originates at a PD site in a cable (i.e. 10000pC
propagates to the substation and 10000pC proceeds in the opposite direction down a semi—infinite cable
length). As is expected, the magnitude of the voltage measured at the CT decreases as the distance the
PD must propagate to the substation increases. The most important consequence of this decrease in
partial discharge magnitude is the ultimate reduction in the output of the CT to below the noise level
present within the measuring environment. The figure clearly shows the need to correct measured partial
discharge pulse levels as a function of cable Iength

9000 I I I I I I
= minimum PD level needed for 50mV noise
8000 -] = minimum PD level needed for 75mV noise

~
o
(=
o

6000

5000

4000

3000

Peak Voltage Output from CT [V]
Minimum detectable PD level [pC]

2000 -

1000

|
| |
| |
I 0 i | i !
‘ ‘ ‘ * ‘ ' ’ 0 200 400 600 800 1000 1200 1400 1600 1800 2000
0 200 400 600 800 1000 1200 1400 1600 1800 2000 Gable Length

Cable Length ..
) . g
181, Measured signal versus distance 2 Minimum detectable PD level

With any form of measurement, but particularly for on-line techniques, continuous ‘white’ noise—levels of
at least a few mV can be expected within a substation environment although transient power electronic
noise present on cable sheaths can be magnitudes higher than this level.

The consequence of this noise is to limit the level of PD that can be detected at the substation.

Figure 2 shows the minimum PD levels required to cause triggering of a detection circuit at a substation
when the noise level is 50mV or 75mV. It can be seen that for a cable length of 2km and a noise level of
50mV, a 6000pC pulse would be the minimum required for detection.
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(& <&&: Characteristics of partial discharge pulses propagation in shielded power cable, Elhanafi
Ouatah 2|, Electric Power Systems Research 99 (2013) 38— 44>

100

* Experimental
Exponential decay fit

80 —

60 —

40 —

20 4

Relative pulse amplitude A(%)

(0] i 26D I 460 i GllJO i 860 I 10lOD I 12l00 I 14:00 i 16lOD I 1800
Propagated distance L (m)
Fig 1. PD pulse relative amplitude A(%) as a function of
the propagated distance L at 28 MHz frequency.

k3 Experimental
Exponential decay fit

A R R R R L T I I R R R R R N M R T T

PD Charge (nC)

¢ ] ' 260 ' 460 ' 6(])0 i 8([)0 ' 10I00 ' 1200 14]00 ' 16[()0 ' 1800
Propagated distance L (m)
Fig 2. PD level as a function of the propagated distance L at 28 MHz frequency.
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® <&&: On-line Partial Discharge (OLPD) Monitoring of Complete High Voltage (HV) Networks in the Oil
& Gas Industry, 20144 108, S=2HVPDAI J|I=Xt&>

« At the discharge source the PD pulse can be modelled by a Dirac-d function,
with a broad frequency spectrum and a very fast (< 1 ns) rise time.

Amplitude

Distance Propagated

*« As a PD pulse propagates from its source (within the machines’ stator
winding) to the machine terminals and then along the feeder cable from the
machine back to switchgear, it changes shape (as shown above).

« These changes occur due to the effects of attenuation and dispersion as the
cable/stator winding acts as a low-pass filter, stripping out the high
frequency content of the pulse and developing into a ‘Shark-Fin’ shape.
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