
02 May 2026

ISTITUTO NAZIONALE DI RICERCA METROLOGICA
Repository Istituzionale

Improvement of calibration capabilities with an a posteriori evaluation of the lighting impulse international
comparison EURAMET.EM-S42 / Caria, STEFANO EMILIO; Roccato, PAOLO EMILIO. - (2022), pp. 171-176. (
25th IMEKO TC-4 international symposium on measurement of Electrical quantities 23rd international
workshop on ADC and DAC modelling and testing Brescia Settembre 2022).

Original

Improvement of calibration capabilities with an a posteriori evaluation of the lighting
impulse international comparison EURAMET.EM-S42

Publisher:

Published
DOI:

Terms of use:

Publisher copyright

(Article begins on next page)

This article is made available under terms and conditions as specified in the corresponding bibliographic
description in the repository

Availability:
This version is available at: 11696/75239 since: 2023-06-23T08:51:15Z

IMEKO



 
 

 
 

 

 
 

 
 

 
 

 

 

   
 

 

 I.  

 

 
 

 

 
 

 II.  

 

 A.  

Fig. 1 shows the SAGI 304, a resistive divider 
developed by means of lab specification. Due to its 
dimensions and characteristics, it could be possible to use 
only up to 200 kV. 

 B.  

The digitizer that is used for the data acquisition is the 
-5124, whose 

characteristics are: 
 Max sampling rate: 200 MS/s 
 Resolution: 12 bits 

 C.  



 

 

 
 

 

 D.  

shown in Fig. 2, is a multi-stage impulse system, with eight 
stages where each stage can hold up to 100 kV with a total 
of 800 kV. It could be partialized if necessary, for the 
generation below 100 kV.  

 

 III.  

Starting from comparison performed in the years 2016-
2020, the entire measurement system was studied deeper 
to pursue the objective to reduce the CMCs declared. The 
uncertainties declared for complete lightning impulse (LI) 
during the comparison, current CMCs, are reported in 
Table 1: 
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IV.

To support the reduction of the CMCs uncertainty it 
was performed a complete reanalysis of the comparison 
results with the expanded uncertainty target.

The reanalysis includes the recalculation of 
comparison reference value (CRV) as described in the 
final report [1], which is considered as an estimation of the 
measurand according to the measurements provided by the 
participating laboratories [1, 2], reported in equation (1):

Where:
are the errors provided by the participants 

for the TRMS readings
are the corresponding standard 

uncertainties.

To not be verbose, in this paper were reported only the
results for one significant type of LI, where the higher 
value in the degree of equivalence has been found for the 
most critical parameter T1. Specifically, given that the 
uncertainty on the test voltage value, peak measurement,
does not change, only the measurements relating to times 
were reported.

All the tables and figures are referred to Short-P100
case, the worst one in this analysis. Short-P100 is the LI 
with a positive peak voltage of 100 kV and front time of 
0,84 µs that is the fastest front time that could be 
performed according to the IEC 60060-1 [3].

Fig. 4 and Table 3 shown the values relatives to the T1

measurements performed during the comparison, where:
xi is the difference percentage between the 

measurement of the laboratory and the CRV;
U( xi) is the expanded uncertainty related to 

xi;

En is the degree of equivalence of laboratory, if 
it is under the value 1 it is considered 
acceptable; calculated as shown in equation (2):

CRV is the comparison reference value;
U(CRV) is the expanded uncertainty of CRV,
calculated as shown in equation (3):

for consistency check. If Pr is under 5% the 
check is considered failed. calculated as shown 
in equation (4, 5):

Where: 
= N -1 is the number of degrees of freedom



V.

To validate the results of the comparison reanalysis, a 
determination of the dynamic behavior from step response 
measurements was performed as described in 
IEC 60060 2 [6].

A step generator based on the voltage collapse, by 
means a relay with mercury-wetted contacts commutation, 
has been used to perform experimental measurement of 
dynamic response of the divider. The acquisition system 

-5124 used for this 
evaluation is the same of the LI measurements.

The convolution method consists, as described in 
Annex D of IEC 60060-2, in a calculation of the output of 



the measuring system starting from step response and an 
impulse, representative of the waveform normally 
measured during calibration operations.

For this work have been used the most significant
reference waveshape, related to calibration, generated 
from the test data generator (TDG), described in 
IEC 61083-2 [5], used for the software algorithm 
validation.

The step response measurements are used to 
characterize a measuring system, it consists in a 
measurement of the output of the system behaviour while 
a step occur. Voltage step generators are designed and used 
for this specific tests.

The step response is also used to calculate parameters 
that are recommended for LI reference measuring systems.
Table 6 shown the recommended parameter values that are 
described in IEC 60060-
measuring system step response values.

For this validation was used a step response performed 
during comparison, in the same laboratory layout, and the 
TDG file was rescaled to be compatible, as test voltage 
value only, with the voltage that the reference measuring 
system can measure, up to 200 kV.

VI.
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