
 

 

This project has received funding from the EMPIR programme 
co-financed by the Participating States and from the European 

 
 

  

  

  

  

  

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 



 
 

 
 

 

 ...............................................................................................................................  

  ............................................................................................................................  

  ....................................................................................................................  

  ................................................................................................  

  .............................................................................................................  

  .............................................................................................................  

  .......................................................................  

  ..............................................................................................................  

  ......................................................................  

  .......................................................................................................  

  ...............................................................  

  ................................................................................................  

  ........................................................................  

  ..................................................................................  

  ..........................................................................................................  

  ..........................................................................................  

  ................................................................................................  

  .............................................  

  ......................................................  

  ..................................................................................................................  

 

 

  

 



 
 

 
 

  

 
 

  

 

 

 
 

 

  
  

 
 





Component Specifications

Arbitrary waveform generator 16-bit DAC; 1 MSa/s; ± 10 V 

Voltage amplifier ± 2000 V; DC 100 kHz; ± 200 mA DC

Current amplifier DC 100 kHz; 100 A; 7 V DC

Voltage divider 201:1 ratio; max voltage 1 kV; DC 150 kHz

Digitizer 16-bit ADC; 1 MSa/s



 
 

 
 

 

  

 

 

 

 

   
   

   
   
   
   

   
   

   
   
   

 

DC

ripple=Vmeas DC  

Quantity 
Xi 

Value  xi 
Standard 

Uncertainty 
U(xi) 

Distribution 
Sensitivity 

Coefficient ci 
Uncertainty 
Contribution 

rdiv 201.000 V/V 0.04 V/V normal 0.0005 V/V  

UV,dig 0.37313 V 0.0003 V normal 0.268 V/V2  

V,dig -0.000025 V/V 0.00010 V/V normal 0.100 V/V  

V,rev 0 V/V 0.00010 V/V normal 0.100 V/V  

vripple 9.9997 % 0.0130 % 

  

DC

iripple=Imeas DC: 

 



Quantity 
Xi

Value  xi
Standard 

Uncertainty 
U(xi)

Distribution
Sensitivity 

Coefficient ci
Uncertainty 
Contribution

rZF 1500.006 A/A 0.020 A/A normal 66.8·10-6 A/A 1.3 ·10-6

UI,dig 0.0333328 V 0.00006 V normal 3.004 -1A-1 1.8 ·10-4 

Rshunt normal 0.100 V/A 1.0 ·10-6

,dig -0.000050 V/V 0.00010 V/V normal 0.100 V/V 1.0 ·10-5

I,rev 0 V/V 0.00010 V/V normal 0.100 V/V 2.0 ·10-5

iripple 9.9987 % 0.0181 %



 
 

 
 

 

 

 

  

 

 

 

 

 
 

 
 

 
 

 
 

 
 

 

  



 
 

 
 

 

  
 

   

      
      

      
      
   

 

 

  
 

   

      
      

      
      
   

 

 

  

 



 
 

 
 

 

 

 

  

 

 

 



 
 

 
 

 

 

  

 

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  

Udc 750.0 V 0.05 V normal -0.0002  

Vripple,level 10.0002 %    0.0063 % 

 

 

Quantity 
Xi 

Value  xi 
Standard 

Uncertainty 
U(xi) 

Distribution 
Sensitivity 

Coefficient ci 
Uncertainty 
Contribution 

rZF 1250.007 A/A 0.005 A/A normal 0.0007 3.3 ·10-6 I/I 

Rshunt 0.800352   normal 1 1.0 ·10-5 I/I 

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

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

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

Iripple,level 9.998%    0.031% 

 

  

 



 
 

 
 

 

  

  

 

 

signal type 
DC 

voltage 
AC 

voltage 
frequency 

DC 
current 

AC 
current 

frequency 

[-] [V] [V] [Hz] [A] [A] [Hz] 

ripple 
sinusiodal 

750 75 
0.1, 0.5, 1, 10, 
50, 150, 300, 
1000, 5000 

- - - 

750 37.5 10, 50, 300 - - - 

50 2.5 10, 50, 300 - - - 

- - - 125 12.5 
0.1, 0.5, 1, 10, 
50, 150, 300, 
1000, 5000, 

- - - 500 50 
0.1, 0.5, 1, 10, 
50, 150, 300, 
1000, 5000 

ripple 
triangular 

250 25 10, 50, 300 - - - 

250 12,5 10, 50, 300 - - - 

50 2.5 10, 50, 300 - - - 

 

 

 

signal type 
DC 

voltage 
time 

dip/swell 
level 

[-] [V] [ms] [%] 

dip 

720 250 20 

720 40 20 

720 10 15 

700 40 20 



 
 

 
 

signal type 
DC 

voltage 
time 

dip/swell 
level 

[-] [V] [ms] [%] 

700 250 20 

50 250 20 

50 40 20 

50 10 15 

Swell 

525 250 30 

525 40 30 

525 10 20 

50 250 30 

50 40 30 

50 10 20 

 

  

 

 

  
  

 

 

 

     
 Uncertainty 

(k=2) 

       
       

       

       

       

       

       



 
 

 
 

     
 Uncertainty 

(k=2) 

       
       

       

       

 

 

 

DC 
current 

AC 
current 

frequency ripple testbed 
ripple 

transfer 
standard 

ripple error 
Uncertainty 

(k=2) 

[A] [A] [Hz] [%] [%] [%] [%] 

125 12.5 10 9.752 10.023 0.271 0.120 

125 12.5 50 9.945 10.036 0.091 0.377 

125 12.5 150 9.992 10.006 0.014 0.474 

125 12.5 300 10.047 9.864 -0.183 0.101 

125 12.5 1000 10.006 9.866 -0.140 0.108 

125 12.5 5000 10.067 10.362 0.295 0.085 

500 50 10 9.631 10.006 0.374 0.120 

500 50 50 9.857 10.004 0.146 0.393 

500 50 150 9.985 10.017 0.031 0.401 

500 50 300 9.974 10.035 0.061 0.151 

500 50 1000 10.000 10.024 0.024 0.132 

500 50 5000 10.010 10.054 0.045 0.078 

200 20 50 9.958 9.996 0.038 0.384 

 

 

 

DC 
voltage 

AC 
voltage 

frequency 
ripple 

testbed 

ripple 
transfer 
standard 

ripple error 
Uncertainty 

(k=2) 

[V] [V] [Hz] [%] [%] [%] [%] 

250 25 10 9.964 9.906 -0.058 0.047 

250 25 50 9.972 9.897 -0.075 0.031 

250 25 300 9.970 9.924 -0.046 0.026 

250 12.5 10 5.003 4.857 -0.145 0.047 



 
 

 
 

DC 
voltage 

AC 
voltage 

frequency 
ripple 

testbed 

ripple 
transfer 
standard 

ripple error 
Uncertainty 

(k=2) 

[V] [V] [Hz] [%] [%] [%] [%] 

250 12.5 50 4.977 4.877 -0.100 0.031 

250 12.5 300 4.912 4.969 0.057 0.026 

50 2.5 10 5.000 4.924 -0.075 0.080 

50 2.5 50 4.962 4.918 -0.044 0.048 

50 2.5 300 4.932 4.917 -0.015 0.039 

 

  

 

 

test 
DC 

voltage 
time 

dip/swell 
level 

dip/swell 
level 

testbed 

dip/swell 
level transfer 

standard 

error 
dip/swell 

level 
 [V] [ms] [%] [%] [%] [%] 

dip 720 250 20 20.005 20.481 0.476 

720 40 20 20.002 20.457 0.455 

720 10 15 14.194 13.228 -0.966 

50 250 20 20.007 20.238 0.231 

50 40 20 19.958 20.217 0.259 

50 10 15 14.278 13.791 -0.487 

700 250 20 19.999 20.322 0.323 

700 40 20 20.005 20.297 0.292 

swell 525 250 30 29.875 29.330 -0.544 

525 40 30 29.860 29.316 -0.544 

525 10 20 19.723 19.234 -0.489 

50 250 30 28.003 27.351 -0.652 

50 40 30 27.996 27.343 -0.653 

50 10 20 17.847 16.417 -1.430 

 

  
  



 
 

 
 

 

 

DC 
voltage 

AC 
voltage 

frequency 
ripple 

testbed 
ripple transfer 

standard 
ripple 
error 

Uncertainty 
(k=2) 

[V] [V] [Hz] [%] [%] [%] [%] 

750 75 10 9.9714 9.920 -0.052  

750 75 50 9.9732 9.930 -0.043  

750 75 150 9.9751 9.933 -0.042  

750 75 300 9.9825 9.921 -0.061  

750 75 1000 10.0363 9.978 -0.058  

750 75 5000 10.2750 10.346 0.071  

 

 

 

DC 
current 

AC 
current 

frequency 
ripple 

testbed 
ripple transfer 

standard 
ripple 
error 

Uncertainty 
(k=2) 

[A] [A] [Hz] [%] [%] [%] [%] 

500 50 10 10.014 10.153 0.139 0.120 

500 50 50 10.026 10.100 0.074 0.242 

500 50 150 9.991 10.013 0.022 0.673 

500 50 300 9.656 9.864 0.208 0.451 

500 50 1000 9.844 9.896 0.052 0.110 

500 50 5000 10.105 10.281 0.176 0.087 

200 20 50 9.990 9.980 -0.010 0.148 

500 50 50 9.952 9.950 -0.002 0.075 

 

 

 

DC 
voltage 

AC 
voltage 

frequency 
ripple 

testbed 
ripple transfer 

standard 
ripple 
error 

Uncertainty 
(k=2) 

[V] [V] [Hz] [%] [%] [%] [%] 

50 2.5 10 5.0985 4.821 -0.278  



 
 

 
 

50 2.5 50 5.0984 5.150 0.052  

50 2.5 300 5.1033 5.163 0.059  

 

  

 

 

 

test 
DC 

voltage 
time 

dip/swell 
level 

dip/swell 
level 

testbed 

dip/swell 
level 

transfer 
standard 

error 
dip/swell 

level 

[V] [ms] [%] [%] [%] [%] 

dip 

700 40 20 19.880 20.668 0.788 

700 250 20 19.881 20.685 0.804 

50 250 20 20.479 23.616 3.137 

swell 
525 250 30 29.806 28.634 -1.172 

50 250 30 30.005 25.482 -4.523 
 

  

 

  
  
  

 

Rated voltage 
(V) 

DMM#1 
DC coupling 
Range (V) 

DMM#2 
AC coupling 
Range (V) 

Voltage choice 

9 10 

0.100 

Low level supply 

48 100 Communications, lightning 

110 

1000 

Inverter appliances 

350 DC bus 

600 Maximum voltage supply 



Rated voltage VDC
Ripplepp

DC signal
Ripplepp

AC signal
(V) (V) (mV) (mV)
9 8.97 0.322 0.426

48 48.02 3.384 0.214
110 110.12 11.531 0.554
350 349.92 12.416 1.349
600 599.94 11.014 3.291







 
 

 
 

 

 

 

  
 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 


