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Abstract

The paper presents traditional analogue agdadl techniques in partial discharge measuremgné discharc
current pulses are measured from high voltage mashiike power plant generators and transformehns
presented modern digital techniques are suitalblalfaneasurements where impulse energy will beutated.
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1. Introduction

Partial Discharge (PD) is a phenomenon in high agdt insulation systems. This
phenomenon is a discharge in a void or cavity innanlation layer. The discharge does not
break the full mass of the dielectric layer and slo®et affect the momentary dielectric
strength and momentary breakdown voltage of thiectiéc layer. The dielectric strength and
breakdown voltage of the dielectric layer are d@H#dcand lowered by subsequent PD
activities. These long-term PD activities will beomitored and the results will be used for
diagnostic purposes and for repairs planning.

There are a lot of non-electric methods for PD nwimig like chemical and optical
analysis [1], thermovision, RF power spectral eg@n [2], ultrasonic [3, 4] and [5]. One of
sophisticated and standardized methods is the dgadvnethod” [6, 7]. The method is based
on measurement of voltage pulses on machine telsnifhis method is suitable for on-line
diagnostics, because it is not necessary to irggrispecial probe or sensor inside machine
windings or use any specialized equipment. The atethses standard high voltage
components for coupling.

The key parameter for partial discharge monitorsngpparent charge. The charge is called
“apparent charge” because the real charge is isaitte inside machine windings or
insulation layers. The PD meters are calibratedh \partial discharge calibrators in parallel
with machine terminals — the readout of the PD mset®rresponds only with “apparent
charge” not with the real charge inside the eleamiachine. The relation between patrtial
discharge and apparent charge is discussed im§lL]1:].

The typical input circuit of discharge meters iswh in Fig. 1.

A capacitance divider is used for high voltage dgting. The division ratio is defined by
C; =1 nF,C; =150 nFL = 2.5 mH and damping resist@r= 1 kQ. The frequency bandwidth
is defined in international standard from 30 kH5@® kHz [1]:

Cl
C,+C,

In this case the division ratio is 1:151 and treorent frequency is 450 MHz.
Voltage and current waves in the dielectric masslarstrated on Fig. 2.

p= 1)
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Fig. 1. Standard input circuit of discharge meter.

Fig. 2. Time plot of driving and void voltage, cent trough the dielectric mass.

Voltageu is the main driving voltage of the dielectric maEke voltageu,, is the voltage
on a void in the insulation dielectric layer, withoa discharge. The voltage with partial
discharge in voidy, illustrates the discharge if the ignition voltagds reached. Because the
stored energy in void capacitance is dischargexdlytid will be charged again to the ignition
voltage. The current from the power sourckeas spikes corresponding with the discharge
events.

The current spikes are measured and displayecerttyiy by the voltage decreasing pulses
on main machine terminals, with consequence ofitternal impedance of the machine
power source. The discharge events transformetidosdltage pulses are separated by the
input circuit from high voltage and low-frequenayngponents.

The input circuit will be designed carefully, besadt will separate high voltage 6 kV/50
Hz and higher voltages from sensitive semiconducitauits. The separated signal will be
integrated or filtrated for evaluation of apparenarge.

2. Partial discharge frequency spectrum

The standardized partial discharge impulse [1] @assing timeT; up to 60 ns and
exponential fall timél; to half of the maximum, about 120 ns, Fig. 3.

The charge is measured as the amplitude of thagelbr current pulse. In the standard is
defined that the charge is impulse shape indeperidea predefined frequency band. The
frequency band boundaries come from praxis andstaredardized. The band-pass filtration
can be interpreted as integration.
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Fig. 3. Partial discharge impulse.
3. Improved partial discharge measurement technique
The major improvement of the traditional PD measwet chain [8] is the use of a

logarithmic amplification circuit [10, 11] for dyn@c range compression and the analog-to-
digital converter (ADC) for data capturing, see.Hg

BZQS Log Peak
P amplifier detector
filter
Digital S|gnal ADC
processing

Fig. 4. Improved partial discharge meter with latemic amplifier peak detector and ADC.

The PD pulses are frequency limited in a band-passive filter. The dynamic range of
the incoming signal is compressed in the logarithmmplifier and maximal values are
captured by the peak detector. The captured vaeedigitized by the ADC and processed in
the digital processing circuit [12]. The samplimgduency is not in relation with the input
signal. The maximum of the input signal is stomed ipeak detector and the detector is zeroed
on demand [9]. In the presented PD meter sampilegyeak detector is zeroed 256 times in a
mains power period. The sampling frequency is A2 &z for 50 Hz mains voltage
frequency. Also the 10-time higher frequency isduse software synchronization purposes
with the external signal. The synchronization iefukfor localization of a partial discharge
source in electric machine windings [14, 15].

4. Fully digital discharge measurement techniques

The digital techniques are based on using a highigion and high-speed ADC and digital
filters. Two basic approaches can be recognizegitatizing of the full spectrum of the
impulse signal with rising times in the nanoseceempe with wideband harmonic product to
the gigahertz range and digitizing a narrowbandhaigin boundaries defined in the
international standard [1]. The partial dischardgrge will be computed in two ways:
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computing the maximal value in a narrowband sigaadl computing the area from the
digitized wideband signal.

5. Partial discharge system with charge computed &ém the impulse area
The fully digital PD measurement chain is very denjt is only an ADC with antialiasing

filter and a following digital signal processingaiit inside a field-programmable gate array
(FPGA) or other specialized circuit, Fig. 5.

Antialiasing
filter

Digital signal

ADC ;
processing

Fig. 5. Fully digital wideband partial dischargetare

The simplicity of the chain has only one problenthvihe wideband-signal nature, because
the rising edges of the signals range from severabseconds for solid dielectric systems and
several tens of nanoseconds for liquid isolatingteays. It means the ADC will digitize a
signal in the range of half a gigahertz. There largts in the dynamic range and/or in
requirements for incoming signal edges. The physealization of this type of measurement
chains are really challenges to electronic cirdesign. The major sources of uncertainties in
the fully-digital signal chain are uncertainties tife passive antialiasing filter, ADC
uncertainties like a gain and offset error, infloes of integral nonlinearity, effective number
of bits, non-correlated sampling frequency with PDIses and errors in digital signal
processing like rounding are discussed in [12]. Tbeninant source of the uncertainty is
uncertainty from non-correlated sampling frequewii the PD pulse events.

5.1. Uncertainty of area computation from non-correlated sampling frequency

The sampling during A/D conversion and the follogvcomputation of the pulse area one
of the uncertainty sources from non-correlated dengrequency with PD event; see Fig. 6.

amplitude
1
] sampled signal
Z
0
Ts| | ATs
T:

Fig. 6. Charge uncertainty from non correlated dargp

This kind of uncertainty can be computed as a tianiabetween the computed ideal area
by the continuous integratidg,; and by the summatio®,,,, of the ADC sampled data. For a
simple case pulse with linear rise to the maxinaue in timeT, =T1/0.8 (in case of linear
rising edge) and exponential fall, constantand sampling frequencfs with delay-of-
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maximal-value from sampling timATs and its relative valueTg the uncertainty can be
computed from the Egs. (2) and (3):

1% ¢
S f! j v *+r 2)
C)TSTS+(R—1)
Ssum=T—_s|_2[M2+3M—25'I;(M—1)]+Tse—TTS, @3)
' 1-e”

whereM is an integer part of divisiolt/Ts andR is the decimal fraction of divisioit/Ts. The
error is computed as the difference betw8grandS,um Fig. 7.

Fig. 7. Chart of charge relative errdron ADC sampling offsed7s and rateM.
5.2. Uncertainty of peak value recognition from lathed sampling

The amplitude of the PD event will be computedasecthat software peak detection will
be used. In this case another source of uncertaarybe identified. The maximal difference
between the peak value and non-correlated samplee wf PD meter input with sampling
periodTs is in relation (4) with impulse rise timi, impulse upper frequendy, full scale of
ADC FSap:

du 08FS,, _ 08FS,.f,
= = = = 229FS, f
dt max T 035 AD'h 4)

r

The B type uncertainty can be computed from (5):

Luon _22FSy0 fu g eere |

u = .
BADM 2\/5 2\/—3 fs fs

The standard uncertaintisapm represents the difference between the sampled \Eak
of the impulse and actual peak value of the impuiseelation to the highest impulse

()
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frequencyf, and sampling frequendyof ADC.

The value2/3 comes from type B uncertainty definitioiapm has a uniform distribution
in the interval ofA\apw.

6. Hardware design

For development of the PD meter [11] based on goramed analog technique with a
logarithmic amplifier, the wideband (DG50 MHz) full bridge rectifying logarithmic
(88 dB) amplifier AD8307 from Analog devices is ds@he controlling microprocessor is
the 8051-based Analog Devices ADUC814 with preaidi@ bit, 5pusec ADC. The meter has
a rugged construction with a surge arrester consbiiégh clamping diodes at the input and
galvanically isolated RS232 communication line wiiavy-duty transient suppressors at its
output. The digital PD meters will use in the fatuast ADCs like a Texas Instruments
ADS5560 for digitizing a partial frequency spectroman ADS5463 or better for wideband
digitalization.

7. Results

For evaluation purposes the hardware of a PD mieésed on improved analogue
technique was developed [10, 11] and [12]. Forhertresearch the fully digital PD meters
are pre-evaluated with state-of-the-art monolithtegrated circuits. However the parameters
of the digital PD meter are only computed and moted in praxis. The traditional PD meter

is published only for reference.
The transfer characteristic of a PD meter with tagenic amplifier is shown in Fig. 8.
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Fig. 8. Partial discharge meter transfer charastieri

The major improvement is the absence of attenuativitching matrix for range changing
and online communication with a master computirgem.

The panel of the virtual user interface is showrkFig. 9. The software controls the PD
meter, provides calibration, two alarm levels cohénd has an interface to an expert system
based on rules and a neural network for PD acteagluation.
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Fig. 9. Partial discharge meter controlling softeva

The major parameters of the PD meters based orddkeribed four signal chains are
summarized in Table 1.

Table 1. Basic PD meters parameters.

PD meters chain
Analog signal processing Digital signal processing
Parameter Llnea'r Logarlthr_mc Full BW Partial BW
processing processing

ADC sampling | 155 cac | 128kSals | 500Msals | 500 Msals

frequency
ADC resolution 12 bit 12 bit 16 bit 16 bit

Nonlinearity 0,15%0of FS | 0,2% of FS | 0,03 % of FS | 0,05 % of FS

Dynamic range 87 dB 69 dB 75 dB 93dB

The table contains two fully digital signal chainse digitizing the whole signal spectrum
and one for digitizing only the range described[2h There are some limitations in the
frequency range due to the commercial availabiitya monolithic integrated circuit with
high resolution and high sampling frequency.

In the table there are also two analog signal chaiith digitalization — one without a
logarithmic amplifier and the same chain improveithva logarithmic amplifier for easy
comparison. The improvement in dynamic range isndtec and opens the door for many

measurements including self online diagnosticsréiary machines in power plants with
predicting diagnostic systems.
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Fig. 10. Workspace overview in high voltage laborat
8. Comparison

Four signal chains are compared. First, a traditi@ignal chain with a peak detection
circuit and low-speed ADC. Second, a signal chaith iogarithmic amplifier and peak
detection circuit with low-speed ADC. Third, a fgidligital signal chain with narrowband
digitalization and finally a fourth signal chainttviwideband digitalization of the PD signals.
The major results are presented in the followirmeta

The traditional analogue signal chains are limitgdthe dynamic range of the peak
detection circuits, but the electronic part of thesign is relative simple.

The digital signal chains, specially the signalichaith digitalization of the full wideband
signal is a complex digital signal chain and theapeeters of the digital filters acquisition
algorithms can be changed because many computiragmpters are only variables in the
software.

All four signals chains can be used for on-linegdiastic measurements and can save a lot
of time and sources in maintenance of the highageltunits.

9. Conclusion

The article presents traditional and modern waysnitine diagnostic measurement of the
state of the high voltage insulation system froet&bnic and data acquisition point of view.
Four measurement chains are analyzedtwo analog-based and two digital-based.
Comparisons are made for four analyzed chains ieghcomponents.

Future ways in on-line acquisition of the PD ad¢tes research are presented. The area
computing technique can be used in many other isgpuleasurements.

This technigue is not able to recognize the sh&j® ampulse; other additional techniques
will be used like discrimination of pulses witmbtp'short rise/fall time, packed pulses (pile-
up rejectionketc.
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