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Development of precision volt-second generator
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Abstract : With the development of high-precision fluxmeters, the limitations of existing fluxmeter calibration methods have become
increasingly prominent. Aiming at the deficiencies of existing mutual inductance methods and standard coil methods, a fluxmeter calibration
device based on volt-second method is designed. The device adopts a low-noise circuit architecture and uses the FPGA to control the high-
speed DAC to output standard magnetic flux. Through testing and analyzing the transient process of voltage, pulse width and level changes
of the volt-second generator, the relative expansion uncertainty of the generated 1 mWb ~ 10 Wb standard magnetic flux is better than
0.01%. In the cases where the volt-second products are the same, the larger the output voltage pulse amplitude and the smaller the pulse
width, the smaller the relative expansion uncertainty of the output standard magnetic flux will be. However, in calibration process, the volt-
second output combination should be selected reasonably according to the integral response characteristic of the calibrated fluxmeter. The
proposed method and traditional mutual inductance method, standard coil method were used to calibrate the same fluxmeter and the results
were compared. The results show that the accuracy of the volt-second method is better than that of the traditional standard coil method. The
calibration range of the volt-second method is better than that of the traditional mutual inductance method, its calibration range reaches 1
mWb~10 Wb, which can meet the calibration requirements of the fluxmeters of class 0. 1 and below.
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Fig.1  Principle of the volt-second method
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Fig.2 Digital circuit block diagram
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Table 1 Combined uncertainty of the calibration

output voltage
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Table 2 Uncertainty of the pulse width
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Fig.5 Edge characteristics of the step signal
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Fig.6  The error calculation model
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Table 3 The edge error uncertainties of different pulses
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0.010 1-0.01 3.76x1078
0. 100 1-0.1 1.47x107%
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Table 4 Uncertainty evaluation of the volt-second generator
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0.010 1-0.01 0.010 000 4  3.54x1077  7.08x107°
0. 100 1-0.1 0.099 997 4  1.32x107°®  2.64x107°
1. 000 1-1 0.9999809  1.16x107°  2.32x107°
10. 000 1-10 9.999 8358  1.14x107*  2.28x107°
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Table 5 Output magnetic flux errors for different

volt-second combinations (0.1 Wb)
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0.01-10 0. 100 025 0.025
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1-0.1 0. 099 997 -0. 003

®6 FEMATASHHHBEIRE (0.01 Whb)
Table 6 Output magnetic flux errors for different

volt-second combinations (0.01 Wb)
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0.01-1 0.010 002 5 0.025
0.1:0.1 0. 010 000 5 0. 005
1-0.01 0. 010 000 4 0. 004
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Table 7 The calibration data for a small range

RS N aES PRI B vk
PRME(E REXTERZE ARME(E MDOERZE O PRME(E AEXSERZE
/mWh /% /mWh /% /mWh /%
0.979 0.56 1. 000 0.47 1.000  -0.45
2.975 0. 60 3.000 0.53 3.000 0.30
4.969 0.65 5.000 0.55 4.998 0.32
6.963 0.63 7. 000 0.56 7. 000 0.31
8.958 0.63 9. 000 0.57 8.999 0.37
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Fig.7 Comparison of the calibration data for three
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Table 8 The calibration data for a large range

REDE: Prifi 2k el vk
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10. 00 0. 60 10. 00 0.30
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50. 00 0. 66 49.99 0.48
70. 00 0. 66 69. 99 0. 49
100. 00 0. 66 99.99 0. 47
071 R
06k ‘___,-_-*-""'-_
05 - x
= 04r .
= 03} —— QB
02} 1173
0.1f
0 20 40 60 80 100 120

FRAERLE/ mWb
&8 3 Fh i HERE Y LL R (10~ 100 mWh)

Fig.8 Comparison of the calibration data for tree

methods (10 mWb~ 100 mWb)
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