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Quantity Xi Value  xi
Standard 

Uncertainty 
U(xi)

Distribution
Sensitivity 

Coefficient ci
Uncertainty 
Contribution

rdiv 300.830 V/V 0.43 V/V normal 0.001

UV,digi 0.24931 V 0.0002 V normal 0.55

V,digi -0.00001 V/V 0.0001 V/V normal 0.1

Uref 750.0 V 0.05 V normal -0.0002

Uncertainty on DC voltage measurement 0.006 %

rZF
1250.007 

A/A
0.005 A/A normal 0.0007 3.3 ·10-6 I/I

Rshunt normal 1 1.0 ·10-5 I/I

UI,digi 0.499777 V 0.0001 V normal 3 2.0 ·10-4 I/I

I,digi 0.0002 V/V 0.0001 V/V normal 1 1.0 ·10-4 I/I

Iref 500.00 A 0.03 A normal -0.005 -7.2·10-6 I/I

Uncertainty on DC current measurement 0.032 %



 
 

 
 

 

  

 

 

 

 

 

 

 

  

 

 

 



 
 

 
 

   

   

   

   

   

   

   

   

   

 

  

Quantity 
Xi 

Value  xi 
Standard 

Uncertainty 
U(xi) 

Distribution 
Sensitivity 

Coefficient ci 
Uncertainty 
Contribution 

rdiv 201.0003 V/V 0.040 V/V normal   

UV,digi 3.7313 V 0.0004 V normal   

V,digi -0.000025 V/V 0.00010 normal   

 749.81 V 0.37 V 

 

  

Quantity 
Xi 

Value  xi 
Standard 

Uncertainty 
U(xi) 

Distribution 
Sensitivity 

Coefficient ci 
Uncertainty 
Contribution 

rzf  1500.006 A/A  0.020 A/A  normal  V   

Rshunt      normal    

UI,digi  0.333328 V  0.000060 V  normal  -1  

I,digi  -0.00050 V/V  0.00010  normal  V   

 500.64 A 0.21 A 

 

  

  







 
 

 
 

The setup for calibrating power meters under distorted conditions essentially maintains the 
same structure as the previous setup. The primary change is the instrumentation used for 
generating voltage and current. Although the voltage and current sources provided by the 
Fluke calibrator and Sorensen generators are stable, they do not allow for the direct 
application of ripple on the waveform. Consequently, the calibrator was replaced with a 
Keysight 33600A arbitrary waveform generator, which is also synchronized to the 10 MHz 
signal supplied by the Meimberg. This generator is connected in series with an NF HVA4321 
voltage amplifier, capable of generating up to 10 kV in a bandwidth of up to 10 kHz. 

To acquire the amplifier's output signal with traceability, a 3 kV resistive-capacitive divider, 
designed and developed at INRIM for railway applications, was used. The calibration 
procedure for this device under distorted conditions is detailed in [7]. 

The system for generating a DC current with a superimposed sinusoidal signal up to 150 kHz 
in a traceable manner is achieved using the configuration developed in the article [8]. This 
work was carried out within the context of the DC Grids project. 

  

 

 

 

 

   

   

   

  

   

   

   

   

  

 

 

 

 

 



 
 

 
 

Quantity Xi Value  xi 
Standard 

Uncertainty 
u(xi) 

Distribution 
Sensitivity 

Coefficient ci 
Uncertainty 
Contribution 

 991.885 V/V  normal 0.75 0.00749985 

 0.756136 V µ  normal 991.86 0.000749985 

 0.99998 V/V µ  normal 750.00 0.00749985 

 750.0 V 10.633 mV normal / / 

Relative expanded uncertainty on DC voltage measurement 0.0028 % 

 1875.056 A/A  0.0206 A/A normal  0.416655056 0.008593767 

 0.33332 V  0.333 µ  normal  2343.787185 0.00078047 

 0.99997 V/V 8.999 µ  normal  781.2750002 0.007031264 

 1.25002 A/V 6.2501 µ  normal  624.9912497 0.003906258 

 500.0 A  11.79 mA normal  / / 

Relative expanded uncertainty on DC current measurement 0.0047 % 

 

  

 

 

 





 
 

 
 

  

  

  

 

 
 

 
 

  

      

      

      

   

 

 

 

 
 

 
 

  

      

      

      

   

 

  

  

  

 





 
 

 
 

 

 

 
  
  
  

 

 
  
  
  
  
  

 
 

 
 

 
 

 

 

 
 

 
 

 

 
 

 

      

      

      

      

      

      
 

  

   
 

 
 



 
 

 
 

  

 

 

  

  

 

 

 

DC voltage DC current DC power 
[V] [A] [kW] 

500 160 80 
500 400 200 

750 160 120 

750 400 300 

1000 160 160 

1000 400 400 
500 -160 -80 
500 -400 -200 
750 -160 -120 
750 -400 -300 
1000 -160 -160 

1000 -400 -400 



 
 

 
 

 

DC voltage 
DC current 

DC power 
AC 

frequency 
AC voltage AC current 

[V] [A] [kW] [Hz] [V] [A] 

750 500 375 0.1 75 50 

750 500 375 0.5 75 50 

750 500 375 1 75 50 

750 500 375 50 75 50 

750 500 375 150 75 50 

750 500 375 300 75 50 

750 500 375 1000 75 50 

750 500 375 5000 75 50 

 

  

 

  
 

DC 
voltage 

DC 
current 

DC 
power 

Power 
error 

Type A 
unc. 

Type B 
unc. 

Exp. unc. 

[V] [A] [kW] [%] [%] [%] [%] 

500 160 80 0.0163 0.0032 0.0065 0.0072 
500 400 200 0.0297 0.0026 0.0065 0.0070 
750 160 120 0.0044 0.0025 0.0065 0.0070 
750 400 300 0.0239 0.0028 0.0065 0.0071 
1000 160 160 0.0241 0.0034 0.0065 0.0074 
1000 400 400 0.0091 0.0018 0.0065 0.0067 
500 -160 -80 0.0479 0.0029 0.0065 0.0071 
500 -400 -200 0.0450 0.0024 0.0065 0.0069 
750 -160 -120 0.0007 0.0018 0.0065 0.0068 
750 -400 -300 0.0166 0.0016 0.0065 0.0067 
1000 -160 -160 0.0346 0.0023 0.0065 0.0069 
1000 -400 -400 0.0033 0.0013 0.0065 0.0066 



 
 

 
 

 

AC 
frequency 

AC 
magnitude 

DC 
power 

Power 
error 

Type A 
unc. 

Type B 
unc. 

Exp. unc. 

[Hz] [%] [kW] [%] [%] [%] [%] 

50 10 375 0.026 0.012 0.0065 0.0136 
150 10 375 0.024 0.009 0.0065 0.0108 
300 10 375 0.025 0.009 0.0065 0.0110 
1000 10 375 0.023 0.003 0.0065 0.0072 
5000 10 375 0.025 0.003 0.0065 0.0070 

  
 

DC 
voltage 

DC 
current 

DC 
power 

Power 
error 

Type A 
unc. 

Type B 
unc. 

Exp. unc. 

[V] [A] [kW] [%] [%] [%] [%] 

500 160 80 0.0141 0.0025 0.0055 0.0060 
500 400 200 0.0314 0.0025 0.0055 0.0060 
750 160 120 0.0223 0.0023 0.0055 0.0060 
750 400 300 0.0377 0.0026 0.0055 0.0061 
1000 160 160 0.0174 0.0026 0.0055 0.0061 
1000 400 400 0.0243 0.0031 0.0055 0.0063 
500 -160 -80 0.0249 0.0026 0.0055 0.0061 
500 -400 -200 0.0471 0.0029 0.0055 0.0062 
750 -160 -120 0.0151 0.0025 0.0055 0.0060 
750 -400 -300 0.0683 0.0034 0.0055 0.0065 
1000 -160 -160 0.0213 0.0024 0.0055 0.0060 
1000 -400 -400 0.0070 0.0025 0.0055 0.0060 

 

 

AC 
frequency 

AC 
magnitude 

DC 
power 

Power 
error 

Type A 
unc. 

Type B 
unc. 

Exp. unc. 

[Hz] [%] [kW] [%] [%] [%] [%] 

50 10 375 0.0362 0.013 0.00055 0.0130 
150 10 375 0.0339 0.011 0.00055 0.0110 
300 10 375 0.0346 0.010 0.00055 0.0098 
1000 10 375 0.0329 0.003 0.00055 0.0030 
5000 10 375 0.0374 0.003 0.00055 0.0029 

  



 
 

 
 

  
 

DC 
voltage 

DC 
current 

DC 
power 

Power 
error 

Type A 
unc. 

Type B 
unc. 

Exp. unc. 

[V] [A] [kW] [%] [%] [%] [%] 

500 160 80 0.0215 0.0016 0.0055 0.0057 
500 400 200 0.0108 0.0014 0.0055 0.0057 
750 160 120 0.0269 0.0012 0.0055 0.0056 
750 400 300 0.0102 0.0020 0.0055 0.0058 
1000 160 160 0.0201 0.0012 0.0055 0.0056 
1000 400 400 0.0022 0.0014 0.0055 0.0057 
500 -160 -80 0.0481 0.0006 0.0055 0.0055 
500 -400 -200 0.0488 0.0005 0.0055 0.0055 
750 -160 -120 0.0526 0.0009 0.0055 0.0056 
750 -400 -300 0.0564 0.0013 0.0055 0.0057 
1000 -160 -160 0.0545 0.0008 0.0055 0.0056 
1000 -400 -400 0.0607 0.0013 0.0055 0.0057 

 

 

AC 
frequency 

AC 
magnitude 

DC 
power 

Power 
error 

Type A 
unc. 

Type B 
unc. 

Exp. unc. 

[Hz] [%] [kW] [%] [%] [%] [%] 

50 10 375 0.019 0.013 0.0055 0.0130 
150 10 375 0.017 0.008 0.0055 0.0079 
300 10 375 0.015 0.008 0.0055 0.0078 
1000 10 375 0.012 0.003 0.0055 0.0056 
5000 10 375 0.013 0.003 0.0055 0.0059 
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