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PREFACE 

This Standard was prepared by the Standards Australia Committee EL-007, Power Switchgear. 

The objective of this Standard is to set out the measuring characteristics and calibrations 

required for digital recorders and digital oscilloscopes used for measurements during tests with 

high impulse voltages and high impulse currents. 

This Standard is identical with, and has been reproduced from IEC 61083-1, Ed. 2.0 (2001), 

Instruments and software used for measurement in high-voltage impulse tests – Part 1: 

Requirements for instruments. 

As this Standard is reproduced from an International Standard, the following applies: 

(a) Its number does not appear on each page of text and its identity is shown only on the 

cover and title page. 

(b) In the source text ‘IEC 60183-1’ should read ‘AS 60183.1’. 

(c) A full point should be substituted for a comma when referring to a decimal marker. 

(d) Any French text on figures should be ignored. 

The terms ‘normative’ and ‘informative’ are used to define the application of the annex to 

which they apply. A normative annex is an integral part of a standard, whereas an informative 

annex is only for information and guidance. 
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1

STANDARDS AUSTRALIA 

 

Australian Standard 

Instruments and software used for measurement in high-voltage impulse 
tests 

Part 1: Requirements for instruments 

 

1 General 

1.1 Scope 

This part of IEC 61083 is applicable to digital recorders, including digital oscilloscopes, 
analogue oscilloscopes and peak voltmeters used for measurements during tests with high 
impulse voltages and high impulse currents. It specifies the measuring characteristics and 
calibrations required to meet the measuring uncertainties and procedures specified in 
IEC 60060-2. 

This part 

• defines the terms specifically related to digital recorders, analogue oscilloscopes 
and peak voltmeters, 

• specifies the necessary requirements for such instruments to ensure their compliance 
with the requirements for high-voltage and for high-current impulse tests, and 

• establishes the tests and procedures necessary to demonstrate their compliance. 

Only digital recorders that permit access to raw data from permanent or temporary storage 
are covered by this standard. The raw data, with relevant scaling information, may be 

• printed graphically, or 

• stored in digital format. 

1.2 Normative references 

The following normative documents contain provisions which, through reference in this text, 
constitute provisions of this part of IEC 61083. For dated references, subsequent 
amendments to, or revisions of, any of these publications do not apply. However, parties to 
agreements based on this part of IEC 61083 are encouraged to investigate the possibility of 
applying the most recent editions of the normative documents indicated below. For undated 
references, the latest edition of the normative document referred to applies. Members of 
IEC and ISO maintain registers of currently valid International Standards. 

References to international standards that are struck through in this clause are replaced by 
references to Australian Standards that are listed immediately thereafter and identified by 
shading. Any Australian Standard that is identical to the International Standard it replaces is 
identified as such. 

IEC 60060-1:1989, High-voltage test techniques – Part 1: General definitions and test 
requirements 

AS 1931.2, High-voltage test techniques, Part 1: General definitions and test requirements 
(identical to IEC 60060-1) 
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IEC 60060-2:1994, High-voltage test techniques – Part 2: Measuring systems  
Amendment 1 (1996) 

AS 1931.2, High-voltage test techniques, Part 2: Measuring systems (identical to 
IEC 60060-2) 

IEC 61000-4-4:1995, Electromagnetic compatibility (EMC) – Part 4: Testing and measurement 
techniques – Section 4: Electrical fast transient/burst immunity test. Basic EMC Publication 

AS/NZS 61000.4.4, Electromagnetic compatibility (EMC)—Testing and measurement 
techniques—Electrical fast transient/burst immunity test (identical to IEC 61000-4-4) 

1.3 Terms and definitions 

For the purposes of this part of IEC 61083, the following terms and definitions apply. 

1.3.1 General definitions 

1.3.1.1 
digital recorder 
instrument, including a digital oscilloscope, which can make a temporary digital record of a 
high-voltage or high-current impulse, that can be converted into a permanent record. The 
digital record can be displayed in the form of an analogue graph 

NOTE The waveform may be displayed on a screen, plotted or printed. This process may change the appearance 
of the waveform due to the processing involved. 

1.3.1.2 
analogue oscilloscope  
instrument, which can make a temporary analogue record of a scaled high-voltage or high-
current impulse, that can be converted into a permanent record. The permanent record can be 
displayed in the form of a graph or photograph of the screen of the oscilloscope 

1.3.1.3 
peak voltmeter  
instrument, which can measure the peak value of a scaled high-voltage or high-current 
impulse without short-duration overshoot or high-frequency oscillation (see clause 4) 

1.3.1.4 
warm-up time 
time interval from when the instrument is first switched on to when the instrument meets 
operational requirements 

1.3.1.5 
operating range 
range of input voltage for which the instrument can be used within the uncertainty limits given 
in this standard 

1.3.1.6 
output of an instrument 

1.3.1.6.1 
output of a digital recorder 
numerical value recorded by a digital recorder at a specific instant 

1.3.1.6.2 
output of an analogue oscilloscope 
deflection of the trace of an analogue oscilloscope at a specific instant 
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1.3.1.6.3 
output of a peak voltmeter 
display of a peak voltmeter 

1.3.1.7 
offset 
output of an instrument for zero input 

1.3.1.8 
full-scale deflection 
minimum input voltage, which produces the nominal maximum output of the instrument in the 
specified range 

1.3.1.9 
non-linearity of amplitude 
deviation of the actual output of an instrument from the nominal value, which is determined 
by dividing the input voltage by the scale factor 

NOTE The static non-linearity for a d.c. input voltage may be different from the non-linearity under dynamic 
condition.  

1.3.1.10 
scale factor 
factor by which the output corrected for offset is multiplied in order to determine the 
measured value of the input quantity. The scale factor includes the ratio of any built-in or 
external attenuator and is determined by calibration 

1.3.1.10.1 
static scale factor 
scale factor for a direct voltage input 

1.3.1.10.2 
impulse scale factor 
scale factor for an input representing the shape of the relevant impulse 

1.3.2 Definitions specific for digital recorders and analogue oscilloscopes 

1.3.2.1 
rise time 
time interval within which the response to an applied step passes from 10 % to 90 % of its 
steady-state amplitude 

1.3.2.2 
time-scale factor 
factor by which the interval measured from the record is multiplied in order to determine the 
value of that time interval 

1.3.2.3 
non-linearity of time base 
variation of the time-scale factors measured in different parts of the trace or digital record 
from their mean value 

1.3.3 Definitions specific for digital recorders 

1.3.3.1 
rated resolution r 
rated resolution is expressed by the reciprocal of two to the power of the rated number of 

bits N of the A/D converter, namely r = 2–N 
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1.3.3.2 
sampling rate 
number of samples taken per unit of time 

NOTE The sampling time interval is the reciprocal of the sampling rate. 

1.3.3.3 
record length 
duration of the record expressed either in a time unit or as the total number of samples 

1.3.3.4 
raw data 
original record of sampled and quantized information obtained when a digital recorder 
converts an analogue signal into a digital form 

The correction of the output for offset to give a zero-based record is permitted, as is 
multiplying the record by a constant scale factor. Records processed in this way are still 
considered as raw data 

NOTE 1 This information may be made available in binary, octal, hexadecimal or decimal form. 

NOTE 2 The scaling information relevant to the digital record should also be stored. 

1.3.3.5 
processed data 
data obtained by any processing (other than correction for offset and/or multiplying by a 
constant scale factor) of the raw data 

NOTE Digital recorders, which do not allow access to the raw data, are not covered by this standard. 

1.3.3.6 
base line 
value of the output of the recorder during the initial flat part of the record of the impulse. It is 
the mean of at least 20 samples in the initial flat part of the record 

1.3.3.7 
quantization characteristic 
characteristic showing the relationship between the output of the digital recorder and the 
direct voltage on the input which produces this output (see figure 1) 

NOTE The average slope of the quantization characteristic is equal to the reciprocal of the static scale factor. 

1.3.3.8 
code k 
integer used to identify a digital level 

1.3.3.9 
code bin width w(k) 
range of input voltage allocated to code k (see figure 2) 

1.3.3.10 
average code bin width w0 
product of the full-scale deflection and the rated resolution (see figure 2) 

NOTE The average code bin width is approximately equal to the static scale factor. 

1.3.3.11 
integral non-linearity s(k) 
difference between corresponding points on the measured quantization characteristic and 
on the ideal quantization characteristic that is based on the static scale factor (see figure 1) 
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1.3.3.12 
differential non-linearity d(k) 
difference between a measured code bin width and the average code bin width divided by 
the average code bin width (see figure 2): 

( )
( )

0

0

w

wkw
kd

−

=  

1.4 Operating conditions 

The range of operating conditions given in table 1 are those under which the instrument shall 
operate and meet the accuracy requirements specified for the instrument. 

Table 1 – Operating conditions 

Condition Range 

Environment 

 Ambient temperature 

 Ambient relative humidity (non-condensing) 

 

5 °C to 40 °C 

10 % to 90 % 

Mains supply 

 Supply voltage 

 

 Supply frequency 

 

Rated voltage ±10 % (r.m.s.) 

Rated voltage ±12 % (a.c. peak) 

Rated frequency ±5 % 

 

Any exceptions to the values given in table 1 shall be explicitly and clearly stated in the 
record of performance with an indication that they are exceptions. 

1.5 Calibration and test methods 

1.5.1 Impulse calibration 

Impulse calibration is the reference method to establish the impulse scale factor of approved 
digital recorders, analogue oscilloscopes and peak voltmeters. It is also the reference 
method to check the time parameter determination from the records of digital recorders and 
analogue oscilloscopes. Requirements on reference calibration impulses for calibrating 
instruments used in approved measuring systems are given in table 2. The waveshapes are 
chosen from table 2 according to the type and polarity of the high voltage or current impulses 
to be measured. The peak value and time parameters of the applied calibration impulses shall 
be within the limits given in table 2, and the actual values shall be entered in the record of 
performance.  

The polarity of the calibration impulses shall be that of the impulse to be measured. The 
output corresponding to the calibration impulse shall be evaluated for at least 10 impulses. 
The maximum deviation of the output peak values from their mean value shall be less than 
1 % of the mean value. The impulse scale factor is the quotient of the input peak value and 
the mean peak value of the outputs.  

The time parameters of at least 10 impulses shall be evaluated. The maximum deviation of 
each time parameter shall be less than 2 % of the mean value. 

This impulse calibration shall be made on each range of use for tests. Care should be taken 
to avoid overloading the devices with low input impedance. 

NOTE A digital recorder can be calibrated for an exponential current impulse using the full lightning impulse of a 

reference impulse generator, and switching impulse for 10/350 impulse current (the 10/350 µs impulse current is 
under consideration for inclusion in the future revision of the IEC 60060 series). 
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Table 2 – Requirements for reference impulse generators  

Impulse type Parameter being 
measured 

Value Uncertainty
 1) 

% 

Short-term 
stability

 2) 

% 

Full and standard 
chopped lightning 
impulse 

Time-to-half value 55 µs to 65 µs ≤ 2 ≤ 0,2 

 Front time 0,8 µs to 0,9 µs ≤ 2 ≤ 0,5 

 Peak voltage Within operating range ≤ 0,7 ≤ 0,2 

Front chopped 
lightning impulse 

Time-to-chopping 0,45 µs to 0,55 µs ≤ 2 ≤ 1 

 Peak voltage Within operating range ≤ 1 ≤ 0,2 

Switching impulse Time-to-peak 15 µs to 300 µs ≤ 2 ≤ 0,2 

 Time-to-half value 2 600 µs to 4 200 µs ≤ 2 ≤ 0,2 

 Peak voltage Within operating range ≤ 0,7 ≤ 0,2 

Rectangular impulse Duration 0,5 ms to 3,5 ms ≤ 2 ≤ 0,5 

 Peak value Within operating range ≤ 2 ≤ 1 

1) The uncertainty is determined in accordance with annex H of IEC 60060-2 by a traceable calibration where 
the mean of a sequence of at least 10 impulses is evaluated. 

2) The short-term stability is the standard deviation of a sequence of at least 10 impulses. 

 

1.5.2 Step calibration  

A direct voltage VCAL, which is known to within 0,1 % and within the operating range of the 

instrument, is applied to the input and then short-circuited to ground by an appropriate 
switching device, preferably based on a mercury-wetted relay. The resultant transition to zero 
level is recorded as the output O(t) (an example is shown in figure 5) and evaluated within the 
time interval specified in 1.5.3. Several records of the response may be averaged to reduce 
the random noise. The deviation of the sample values O(t) from their mean Os shall be within 

the limits specified for the scale factor when t ranges within the time interval given in 1.5.3. 
At least 10 records of steps shall be evaluated in this manner. The deviation of each of the 10 
Os values from their overall mean, Osm, shall also be within the limits specified for the scale 

factor. The impulse scale factor is the quotient of the input voltage VCAL and Osm. The rise 

time of the step shall be less than 10 % of the lower limit of the time interval specified 
in 1.5.3. 

This voltage calibration shall be made in each range of use for tests. Care should be taken to 
avoid overloading of recorders with low input impedance. 

This test shall be done using both polarities. If the scale factors determined agree to within 
±1 %, then this method is valid. If not, impulse calibration according to 1.5.1 of appropriate 
polarity shall be used. 

1.5.3 Constancy of scale factor within time interval 

A direct voltage within the operating range of the digital recorder or analogue 
oscilloscope is applied to the input and then short-circuited to ground by an appropriate 
switching device, preferably based on a mercury-wetted relay. The resultant transition to zero 
level of the step response is recorded and evaluated within the following time intervals: 

0,5 T1 to T2max  for full lightning impulses and exponential current impulses; 

0,5 Tc to Tc  for front-chopped impulses; 

0,5 Tp to T2max  for switching impulses, and 10/350 µs current impulses; 
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