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Digital measuring technique and evaluation 
procedures 

E. Gockenbach 

18.1 Introduction 

The introduction of the digital recording system into the high voltage 
measuring technique has a great influence on the measuring technique 
and the evaluation procedures. The formerly used analogue recording 
instruments were developed for high voltage measurements and in par- 
ticular for impulse measurements under very noisy conditions or, in 
other words, for high electromagnetic interferences. One of the best fac- 
tors against electromagnetic interference was the high signal to noise 
ratio, reached by a high signal voltage level up to 1500 V for impulse 
voltage measurements. This high signal level also leads to a high deflec- 
tion level of about 100 Vlcm and requires no amplifier within the ana- 
logue oscilloscope. 

The use of digital recording devices in high voltage measurement 
requires, in particular, a number of measures against electromagnetic 
interferences. The recording device should be inside a Farady cage to 
prevent the influence of the electric field. The high signal level should be 
kept by using a so-called input divider inside the shielded cabin to reduce 
the voltage level from hundreds of volts down to 2 V, which is the nor- 
mally used input level of a digital instrument. This voltage divider could 
be used at the same time for remote controlled change of the total 
impulse voltage divider ratio. Furthermore, the requirements on the 
digital recorder concerning resolution in amplitude and time should be 
equivalent to or better than those of the analogue oscilloscope. 

The digital recording devices offer a number of advantages compared 
to analogue systems. Owing to the recording technique the problem of 
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an exact triggering of the analogue oscilloscope no longer exists, because 
the digital recorder continuously records the data and stops at a given 
and preselected time. Therefore the history before the event takes place 
can also be recorded. The recorded data are available in digital form, and 
zooming and compression are easily possible. This means that a change 
of timescale can be made by evaluation of the data and does not require 
another measurement as it was necessary with analogue recording 
devices assuming that the recorded data allows this procedure. The data 
can be evaluated automatically with a computer or with a built-in pro- 
cessor. The data can be directly used for documentation, for a figure in a 
test report, for example. It  is also possible to compare two measurements 
with different amplitudes by scaling the amplitudes. The use of math- 
ematical procedures like Fourier transformations, filtering, neural net- 
works, genetic algorithms, fuzzy logic, etc. allow further evaluation of 
the recorded data for better evaluation of the test results and for 
diagnostics. 

18.2 Requirements on the recording device 

I t  is obvious that the performance of a digital recording device should be 
at least equivalent to the performance of an analogue recording system. 
The measurement of DC and AC voltage is simple and the requirements 
are very easy to fulfil, and therefore only the requirements for impulse 
measurements are described in the following sections. 

It should be taken into account that the recording technique of a 
digital recorder is different from the analogue oscilloscope and that no 
information is available between two samples, for example. This means 
that high frequency oscillations may not be recorded by a digital record- 
ing device, but at least indicated by an analogue oscilloscope, because the 
signal is continuously recorded and the brightness of the beam changes 
depending on the deflection velocity. The requirements on the digital 
recording device are given in IEC Publ. 61083 [ I ]  and will be described in 
detail according to the revision of the IEC Publ. 61083. 

The requirements for digital recorders are different for use in approved 
measuring systems from that in reference measuring systems. Further- 
more the requirements are expressed as an overall uncertainty and indi- 
vidual requirements. A digital recorder used in an approved measuring 
system shall have an overall uncertainty of less than 2%) in the peak 
voltage or current measurement of full and standard-chopped lightning 
impulses, switching impulses and rectangular impulses. The overall 
uncertainty for the peak voltage of front-chopped lightning impulses 
should be less than 3%. All time parameters (front time, time to chop- 
ping, time to peak, time to half-value, etc.) shall be measured with an 
overall uncertainty of less than 4%. The uncertainty budget should be 
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evaluated according to Annex H of IEC Publ. 60060 [3]. These overall 
uncertainties are usually reached if the individual requirements are ful- 
filled, but in some cases the individual requirements may be exceeded 
without exceeding the overall uncertainties. Therefore the most impart- 
ant individual requirements are described. 

The amplitude resolution is given by the rated resolution r, the nom- 
inal minimum increment of the input voltage which can be detected in 
the output voltage. The rated resolution is expressed by the reciprocal of 
two to the power of the rated number of bits N of the digital/analogue 
convertor (digital recorder), namely 

r = 24' (18.1) 

For approved measuring systems a rated resolution of 2-* (0.4% of the 
full scale deflection) or better is required for tests where only the 
impulse parameters are to be evaluated. For tests which involve signal 
processing a rated resolution of 2-' (0.2% of the full scale deflection) or 
better is required. The full scale deflection is the minimum input voltage 
which produces the nominal maximum output voltage in the specified 
range. 

The time resolution is expressed by the number of samples taken per 
unit. The sampling time is the time interval between two subsequent 
samples and the reciprocal of the sampling rate. The sampling rate shall 
not be less than 30/T,, where T, is the time interval to be measured. For a 
standard lightning impulse 1.2/50 the measured time T, is 0.6T,, the time 
interval between 30% and 90% of the peak value of the measured light- 
ning impulse. With the lower tolerance of the front time T, = 0.84 ps the 
measured time T, -500 ns, which leads to 

1 - 60 x lo6 - 
500-'s S 

30 
sampling rate > - - 

(18.2) 

For measurement of oscillations in the front the sampling rate should be 
in accordance with the maximum frequency reproduced by the measur- 
ing system. 

The scale factor described the factor by which the output is multiplied 
to get the measured value of the input quantity. Digital recorders may 
have different amplitude scale factors for different input voltages, e.g. the 
static scale factor F, for DC voltage and the impulse scale factor F, for 
impulse voltages representing the shape of the relevant impulse. The 
timescale factor is defined as the factor by which the recorded time inter- 
val is multiplied to get the measured value of the time interval. 

The rise-time of the digital recorder shall be ~ 3 %  of the measured time 
interval Tv. For lightning impulse measurement this value shall be <15 ns 
to record the superimposed oscillations. 
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The interference shall be ~ 1 %  of the amplitude of the expected deflec- 
tion, the internal noise should not be less than 0.4%) of the full scale 
deflection for waveform parameter measurements and less than 0.1% of 
the full scale deflection for measurements involving signal processing. 

The record length shall be sufficiently long to allow the evaluation of 
the required parameter. 

The nonlinearity of amplitude and time base are given as integral and 
differential nonlinearity. The static integral nonlinearity of the amplitude 
shall be within M.5% of the full scale deflection, and the differential 
nonlinearity within k O . 8 ~ ~  for static and dynamic tests, with w,, as aver- 
age code bin width (see Figure 18.2). The integral nonlinearity of the time 
base shall be not more than 0.Sn/n of the measured time T , .  Figure 18.1 
shows the integral nonlinearity and Figure 18.2 thedifferential nonlinearity 
and the code bin width ru(k). 

The use of a 3-bit digital recorder in Figure 18.2 is only for clarification 
of the definitions. The differential nonlinearity d(k)  can be calculated by 
the following equation: 

(18.3) 

The operating range should be not less than 4 / N  of the full scale deflec- 
tion, where N is the number of bits: this means for an 8-bit digital 
recorder a peak amplitude not less than 50% of the full scale deflection. 
For tests which require comparison of records the operating range of not 
less than 6 / N  is recommended. 

input, V 

Figure 18. I Integrcil nonlinraritj- 
I Ideal 6-hit digital recordu 
2 Nonliniwr &hit cligitcrl rcw)rd(~ 
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Figure 18.2 Dij%rentiul nonlineurity und code bin widdi w( k )  under DC 
conditions 
1 Ideal 3-bit digital recorder 
2 Large direrential nonlineurities at codes 2, 3 and 4 
w,, = uverage code bin width, A B  = line between midpoints of code bins (fun 
ideul digital recorder 

For digital recorders used in reference measuring systems for the 
calibration of approved measuring systems the requirements are more 
stringent. The overall uncertainty for the peak voltage or current meas- 
urement of full and standard-chopped lightning impulses, switching 
impulses and rectangular impulses shall be not more than 0.7%). The 
overall uncertainty for the peak voltage of front-chopped lightning 
impulses should be not more than 2%. All time parameters (front time, 
time to chopping, time to peak, time to half-value, etc.) shall be meas- 
ured with an overall uncertainty of not more than 3%. The individual 
requirements are also adapted to the higher performance of the digital 
recorder. 

To establish the impulse scale factor and to check the time parameter 
determination of an approved digital recorder a pulse calibration by a 
reference pulse generator is recommended, even if a step calibration is 
also mentioned in the relevant IEC Publication [2]. The use of a cali- 
brator for checking a measuring device is not new, because already in 
the IEC Publication for analogue oscilloscopes a calibrator was 
required 141. The calibration should be done with impulses of the same 
shape to be measured, and therefore a number of impulses are listed in 
Table 18.1. 
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Table 18.1 Requirements for  reference pulse generators 

Impulse type Parameter Value Uncertainty,' Short-time 
being measured % stability,' % 

Full and standard Front time 0.8-0.9 ps 5 2  50.5 
chopped lightning Time to half-value 55-65 ps 1 2  5 0.2 
impulse Peak voltage within operating 50.7 50.2 

Front chopped Time to chopping 0.45-0.55 ps 5 2 5 1  
lightning impulse Peak voltage within operating 5 1 5 0.2 

Switching impulse Time to peak 15-300 p~ I 2  50.2 
Time to half-value 2600-4200 ps I 2  5 0.2 
Peak voltage within operating 5 0.7 50.2 

range 

range 

range 

Rectangular Duration 0.5-3.5 ms 5 2  5 0.5 
impulse Peak value within operating 5 2 5 1  

range 
~~ ____ ~ ~~ 

' The uncertainty is determined in accordance with Annex H of IEC Publication 60060-2 [ 5 ]  by a 
traceable calibration where the mean of a sequence of at least IO pulses is  evaluated 

'The short-time stability is the standard deviation of a sequence of at least 10 pulses 

18.3 Requirements on the evaluation software 

The replacement of the analogue oscilloscopes by digital recording 
devices is only worthwhile when the digital recorded data are used for 
an automatic evaluation by a computer. Therefore a standard for the 
evaluation software was developed and in IEC Publ. 61083 Part 2 the 
requirements on the software used for the determination of the impulse 
parameters are described in detail [6]. The raw data are the original 
record of sampled and quantised information normally corrected by the 
offset and multiplied by a constant factor (divider ratio) to get the output 
directly in kV, for example. All other data are called processed data. A 
test data generator (TDG) is available as a computer program which 
generates reference test waveforms with the specified parameters of the 
digital recorder to be used, for example sampling time, full scale deflec- 
tion, off-set, record length, polarity, trigger delay and noise. The output 
of the TDG has to be evaluated and the value of the parameters shall be 
within the given limits. 

The existing impulses of the TDG are divided into groups of wave- 
forms to check the software only for the relevant type of waveform. The 
software passes the test if for all impulses within the relevant group all 
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parameters to be evaluated are within the given limits. The waveforms are 
grouped as follows: 
0 lightning impulse voltage (LI) 
0 chopped lightning impulse voltage (LIC) 
0 lightning impulse voltage with oscillation in the front (LIFO) 
0 chopped lightning impulse voltage with oscillation in the front 

lightning impulse voltage with long duration overshoot (LILO) 
0 lightning impulse voltage with short duration overshoot (LISO) 
0 lightning impulse voltage with low frequency oscillations (LISL) 
0 lightning impulse voltage with high frequency oscillations (LIFA) 
0 switching impulse voltage (SI) 
0 impulse current (CI). 

The waveforms can be further divided into analytical impulses with 
and without noise and in measured impulses as shown in Table 18.2 
together with the waveform number within the software of the TDG. 

The evaluation shall be done according to IEC Publ. 60060-1 [7] 
except for the time to peak for switching impulse voltages. An approxi- 
mation for the time to peak, based on the evaluation procedure for the 
front time of lightning impulse voltages, gives a better reproducibility of 
the results. Depending on the time to half-value the time to peak is given 
by the equation 

(LICFO) 

Tp = K T,  ( 18.4) 

with K =  2.42 - 3.08 x T, + 1.51 x T2 and Ty the measured time 

Table 18.2 Reference wuveforms of the TDG 

Waveform group Analytical Measured 

Smooth Noisy 

LI 
LIC 
LtFO 
LICFO 
LILO 
LIS0 
LISL 
LIFA 
SI 
CI 

- 
3 
4 
5 

6 
7 

- 
8 
9 

10 

- 
11 
12 
13 
14 

Numbers indicate the TDG reference test waveform 
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between 30Y0 and 90%. The overall uncertainty for this procedure is 

The uncertainty of the parameter evaluation of the reference test 
waveforms is given in Table 18.3 and is approximately 1% for the peak 
value and 4% for the time parameter. 

The reference test waveforms do not cover all possible waveforms of 
impulse tests. In  particular impulse tests on transformers or metal oxide 
arresters generate waveforms which are different from the reference test 
waveforms, but also for this type of waveform a check of the evaluation 
procedure should be available. An international working group of IEC 
and CIGRE is dealing with this problem, and maybe in future a Part 3 of 
IEC Publ. 61083 will be produced with reference test waveforms for 
transformers and other apparatus. 

1.5%. 

18.4 Application of digital recording systems 

18.4. I DC and AC voltage measurements 
The measurement of DC and AC voltage with a digital recording device 
is very simple and should not be explained in detail here. Some advan- 
tages of a digital recording system are the monitoring of overvoltage 
superimposed on the DC or AC voltage or the evaluation of harmonics 
by Fourier analysis. The resolution in time and amplitude depends on the 

Tuble 18.3 Specijied limits of the reference rvuvefimns 
~ ~ ~~ ~~ ~ ~~ ~ 

Waveform Peak value T, or To T,or T, Amplitude, 
group U,or In oscillation or 
(number)' MV or kA overshoot, kHz, or 

Yo up 

LI (1,6) 1.040 1.06 0.81 00.87 57.5-62.5 - 
LIC (2, 7) 0.86 o 0.88 0.49 w 0.53 0.55 o 0.59 - 
LIFO (11) 0.9400.96 1.0701.19 82-91 - 
LICFO (12) 0.84 o 0.87 0.48 e 0.54 0.51 - 0.56 - 
LlLO (13) -1.08 o -1.06 3.4 3.76 56 o 62 T > 1 11s; > 5%' 
LIS0 (1  4) -0.97 o 4 . 9 5  1.85 o 2.05 43 o 47 T > 1 11s; > 5%' 
LlSL (3,8) 1.0401.06 1.6-1.7 45049 f<500kHZ:AI5% 
LIFA (4,  9) 0.96 o 0.99 1.0 e 1.1 48052 f<500kHz;A>5Y02 
SI (5, 10) 0 . 9 4 ~ 0 . 9 6  240-260 240002600 - 
CI (5) -10.1 -9.9 8.3 o 9.2 2 0 0 2 2  - 

' Numbers indicate the TDG refcrcnce test waveform 
' Amplitudes of oscillations or overshoot arc above the required limii or+ 5%); these impulses are 

therefore not standard impulscs 
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signal to be recorded and normally requires no high performance of the 
digital recorder. The advantage of a digital recording system is the possi- 
bility to trigger the device depending on the event to be recorded. A 
transient overvoltage superimposed on an AC voltage can be recorded by 
triggering the digital recording device depending on the frequency or the 
amplitude, and the record includes the event as well as the history before 
the event. 

18.4.2 Impulse voltage or current measurements 
The measurement of impulse voltage or current is the most important 
application for digital recording systems in the field of high voltage 
testing. The record of the impulse and the later evaluation of the 
impulse parameter can easily be done with the support of the digital 
recording system. The recording device which is in operation during the 
impulse generation is placed in a shielded cabin to prevent the influence 
of the electromagnetic field, generated by the discharge of the impulse 
capacitors. The recorded data can be shown with different time and 
amplitude scales to demonstrate details of the shape without any add- 
itional measurements. In Figure 18.3 a lightning impulse voltage is 
shown recorded with an 8-bit digital recorder at a sampling rate of 
40 x IO6 samples/s and with a record length of 4096 samples, equivalent 

The same measurement is shown in Figure 18.4 but with another time- 
scale to show the front of the measured impulse in detail. 

to -100 ps. 

0 20 40 60 80 
time, p s  

Figurc 18.3 Stundurd lightning impulse 
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time, ns 

Figure 18.4 Zoomed front part of the standard lightning impulse of Figure 18.3 

The limits are reached if the zooming goes above the limits of the record- 
ing parameters, which means for the impulse shown in Figure 18.4 a time 
resolution below 25 ns, which is the time between two consecutive samples. 

The digital recorded data also allows a comparison between two 
impulses. The adaptation of the amplitude can be done by a simple 
multiplication of the amplitude values with a constant factor. The adap- 
tation of the time can be done by shifting the complete data set in steps 
of the sampling time interval or even in parts of the sampling time 
interval. Figure 18.5 shows acornparison between two voltage impulses at 
62.5% and 100% together with the current measured at the neutral point 
of the transformer. The difference between the two measurements of 
voltage and current is so small that only an enlargement of the difference 
between the two signals by a factor of 8 shows some small deviations at 
the triggering time. 

Besides the comparison of two measurements a two channel digital 
recording system can be used for the calculation of the transfer function, 
which represents the ratio of the output signal to the input signal as 
function of the frequency, whereby the current is the output signal and 
the voltage the input signal. Figure 18.6 shows the transfer function of a 
transformer with a standard lightning impulse as the input signal. 

18.4.3 Partial discharge measurements 
A digital recording system can also be used €or partial discharge meas- 
urements. The monitoring of all pulses allows the determination of the 
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I I I I I I  

frequency, MHz 

Figure 18.6 Transfer function of a transformer 

largest partial discharge impulse within a given time, the determination 
of the number of pulses per time, the determination of the apparent 
charge per pulse and the relation between the pulses and the phase of the 
applied power frequency voltage. A digital partial discharge measuring 
systems includes normally filtering procedures to exclude noise from the 
measured signal and to measure only within a small frequency range, if 
necessary. Figure 18.7 shows a measured signal, where in the upper figure 
(a) the partial discharges cannot be recognised due to the high noise 
level, and in the lower figure (b) after filtering of the sinusoidal noise. 
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Figure 18.7 Purtiul cliscliurge measuring signal without (a) und iijitlr (b),filtcr.ing 
of’sinusoidul noise 

The large impulse at -60 ms is a calibration pulse of the measuring 
system. 

Figure 18.8 shows in an enlarged timescale in the middle ( b )  and lower 
figure ( c )  the same signal shown in Figure 18.7h after filtering of the noise 
pulses which appear synchronous with the applied power frequency volt- 
age. These procedures are only possible with digital recorded data due to 
the digital filtering for sinusoidal noise for Figure 18.7 and due to the 
comparison of signals recorded at the time phase angle for Figure 18.8, 
because all signals which appear at the same phase angle are declared as 
noise signals and are set to zero. 

This procedure is based on the assumption that partial discharge 
signals occur randomly and never at the exactly the same phase angle 
in two consecutive cycles. The most critical type of noises are the 
impulses which occur randomly with more or  less the same shape as 
the partial discharge signals. These signals can only be detected and 
removed by additional measures, e.g. by the detection of the signal 
travelling direction or by a bridge method. Therefore it is necessary to 
measure at least at two different places or  with two circuits. An 
example of a measurement of partial discharges on a transformer is 
shown in Figure 18.9. The upper two signals (u, h)  show the already 
filtered measuring signal of partial discharges measured via a capaci- 
tive coupling device u, and a so-called Rogowski coil uRCa. The output 
voltage of a Rogowski coil is proportional to the derivative of the 
current signal and by an integration of this signal the output voltage is 
proportional to the apparent charge, which is similar to the capacitive 
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Figurt 18.8 Purtiul discharge meusuring signal after filtering of sinusoidul noise 
(a, b) and with udditiona1,filtering ojsynchronous noise (c )  

coupling method. Zooming of the two signals allows the detection of the 
signal direction, because signals generated by partial discharges outside 
the transformer pass the two measuring units in the same direction, 
whereas signals generated by partial discharges inside the transformer 
pass the measuring units in the opposite direction. The first signal in 
Figure 18.9c, d has a first positive peak for u, and at the same time a 
negative peak for uRqe; the second signal has a first negative peak for 
both signals. Depending on the calibration of the measuring device one 
signal is a partial discharge outside the transformer and the other 
inside the transformer. With this method, discrimination between sig- 
nals coming from outside the transformer and interpreted as noise and 
signals coming from inside the transformer and interpreted as partial 
discharges is possible. 

The same procedure can be used when two more or less identical 
objects are available and the partial discharge measurement is done in a 
balanced circuit arrangement. Figure 18.10 shows such a circuit, given in 
Reference 8.  
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Figure 18.9 Partiul discharge measuring signal afterjltering of sinusoidal and 
synchronous noise (a, b) and with additional filtering of impulse 
shaped noise (c, d) by detection of the signal direction 

18.5 Application examples of evaluation procedures 

The digital recorded data can be evaluated by using a number of differ- 
ent procedures. In any case the raw data should be maintained and they 
are the basis for the evaluation of the performance of the digital 
recorder. 

The impulse voltage or current measurements are the most interesting 
field of application of evaluation procedures in the high voltage test 
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Figure 1%. I O  Balanced circuit arrangement for partial discharge measuremenls 
U- = high voltage supply 
Z,,,i = input impedance of measuring system 
C,. = connecting cables 
C,, = test object 
C, = coupling capacitor 
CD = coupling device 
MI = meusuring instrument 
Z = high voltage filter 

technique. For smooth voltage impulses the evaluation of the front time 
and the time to half-value is simple, because the relevant values are given 
by the nearest sample to the relevant reference value. Figure 18.1 1 shows a 
simplified example for the evaluation of the 30% value. 

The time at which the impulse voltage has reached the 30% value is 
given by sample no. 3 under the condition that the nearest sample has to 
be used. An interpolation between samples 2 and 3 gives a time value 
which is between the time value of samples 2 and 3, depending on the 
voltage levels of the two samples. 

The evaluation is more difficult if the signal crosses the relevant level 
more than ones due to noise or oscillations. Figure 18.13 shows again a 
simplified example for a record superimposed by noise. 

The interpolation between two samples will not solve the problems. 
One possibility is the calculation of the mean value between the last 
sample below and the first sample above the relevant voltage, which 
are in the example samples 1 and 3. Another method is the averaging 
of three consecutive samples. This leads to a signal shown in Figure 
18.14. 

The number of samples used for the averaging depends on the 
impulse shape and the frequency, which should be at least recorded, 
because with increasing numbers of samples the damping of the oscil- 
lations also increases. That means that the averaging is a kind of 
filtering. 

The evaluation is more complicated if the impulse has oscillations in 
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Figure 18. I2 Evuluu[ion oj‘the 30% value using an interpolation 

36 - 
34 

32.. 

YO 30 

28.. 

26.. 

24 

.. I 
I 

...........-.......-......-.----- ............__....... 

I 

the front or near the peak. Figure 18.15 shows the limits of oscillations in 
the front according to the relevant IEC Publ. 60060 [7]. It can be clearly 
seen that a mean curve is necessary, but a description by an equation is 
not given in the Standard. 

I f  oscillations or overshoot exist near the peak, the evaluation of the 
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Figure 18.14 Evuluution of the 30% wlue using un uveruge method 
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Figure 18. I S  Limits of oscillution in the front of a sturzdurd lightning impulse 

peak is also complicated according to the ambiguous definitions in the 
standard evaluation of the so-called mean curve, and the determination 
of its peak value is not clearly described in the relevant Standards and 
therefore a number of proposals exists and the research is still going on 
[9, IO]. Figure 18.16 shows an example of an overshoot, where the peak of 
the mean curve determines the test voltage according to the requirements 
in [7].  

The proposed peak value of the mean curve is defined by the crossing 
point of the line representing the exponential shape of the tail and the 
perpendicular line at the highest recorded sample. This can be one solu- 
tion for a definition of the mean curve peak value, because the extrapola- 
tion of the tail is very simple and this part is generally not disturbed by 
oscillations, and furthermore the highest recorded sample changes its 
position very little even under noisy conditions. With a little more math- 
ematical effort other solutions are possible where the oscillations are 
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1024 I 

Figure 18.16 Proposed determination of the peak value of the mean curve 

calculated and subtracted from the original curve to get the main more 
or less double exponential basic waveshape. This idea also leads to the 
test equipment used in Reference 9 for the determination of the most 
important parameters of the lightning impulse voltage. 

This kind of evaluation, however, is not used within tests of trans- 
former with lightning impulses. In this case the voltage stress of the 
insulation is given by the peak value of the applied voltage and by its 
derivative. In these cases the oscillations are less important concerning 
the peak value, and the highest recorded value is very often used as the 
test voltage. Figure 18.17 shows an example of a typical lightning impulse 
voltage on a power transformer. 

The switching impulse voltage evaluation is less critical except the 
determination of the time to peak. The beginning of the impulse should 
be determined similar to the virtual beginning of a lightning impulse. 
The time to peak is determined according to the relevant standard [7] as 
the time difference between the beginning of the impulse and the highest 
recorded value. For digital recorded switching impulses a number of 
samples exist which have the same voltage level, and therefore this defin- 
ition leads to different time to peak values depending on the evaluation 
procedure. Figure 18.18 shows a zoom of the peak area for a switching 
impulse. 

It can be seen that the highest value takes place over a time range of 
some 10 ws and is already outside the tolerance of the time to peak. 
Therefore the calibration generator described in Reference 6 uses another 
evaluation procedure for switching impulses similar to the lightning 
impulses, but with a correction factor depending on the time to half- 
value given in eqn (18.4). 
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Figure 18.1 7 Lightning impulse voltage on a power transformer 
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Figure 18. I8 Peak area of a switching impulse 

The evaluation procedures should take into account the performance 
of the digital recorder and the computer to get a reasonable result in 
an acceptable time. The weak definitions in the recommendations lead 
to a number of software solutions for the evaluation of lightning, 
switching and impulse voltages with all the described problems and 
differences in the result. Evaluation by an experienced engineer is still 
necessary for nonstandard impulse shapes, but the improvement of the 
recommendations and the mathematical evaluation procedures will 
contribute to the future unambiguous evaluation of all impulse 
waveshapes. 
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18.6 Summary 

0 The available digital recorders can be used for the high voltage impulse 
voltage or current measurements without any problems if the electro- 
magnetic compatibility has been checked. 

0 The digital recording systems have large advantages in data acquisi- 
tion and treatment for e.g. impulse or partial discharge measurements. 

0 The evaluation procedures for smooth impulses are simple, but for 
impulses with oscillations or overshoot the procedures suffer from the 
ambiguous definitions in the Standards based on analogue measuring 
techniques. 
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