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AC current automatic calibration using
two different TCC designs

Rasha S M Ali
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Abstract: AC currents are automatically calibrated by two different thermal current converter (TCC) designs. The two de-
signs are different in the used number of the thermal-elements (TEs). Consequently they differ in their output electro motive
force (EMF). Studying the effect of changing the output EMF is done in this paper through calibrating AC currents. 5 mA
and 5 A are accurately calibrated at different frequencies 55 Hz, 1 kHz and 10 kHz by the two TCCs. A comparison is made
between the results to evaluate the effect of the output EMF value on the accuracy and the uncertainty of the low and higher
AC current calibration. A LabVIEW program is designed for this accurate automatic calibration to overcome the problems of
the manual calibration on the thermal converters.
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the proportional difference can be computed from
0 Introduction the equation™

The electrical international system of units (SI) is I.=1,(1+68,+6,), (1)
defined and realized as DC electrical quantities. AC

electrical quantities can not be directly determined where 9, is AC-DC difference correction of the TCC

in terms of SI units, so AC quantities have been de- which is determined by comparing it to a similar
termined in terms of the DC quantities. In order to standard instrument whose correction is known, 0,
determine AC quantities, it is necessary to transfer is difference between the TCC responses due to the
AC to DC"'. Root mean square (RMS) values of applied DC current and the AC current which can be
AC currents are most accurately measured by com- obtained from

paring the heating effect of an unknown AC current E - E

to that of a known, stable DC signal using thermal 0, = “;Td‘, (2)

de

current converter (TCC) consisting of either a ther-
mal element (TE) alone or a TE in parallel with a  where E, is average value of the two readings of the

precision shunt. The TE is composed of one or m[c:]re output EMFs due to applying the RMS value of the

thermocouples arrayed along a heater s:tructure . AC current, E, is average values of the output
The TCC compares the power produced in the heat- EMFs due to applying the positive and the negative
er from the unknown AC current to the power pro- DC current, n is factor measured individually by the
duced from a stable and reference DC current which AE[nE

relation, n = , and it is in the range of 1.6 —

has the same nominal value depending on the fact
that the AC and the dc currents have the same ef- 1.9.

Al

fective amplitude when they produce identical The single junction thermal current converters
amounts of power in a pure resistive element'"*. (SJTCC) is widely used in a lot of National Metrolo-
This power is dissipated as heat. The thermocouple gy Institutes (NMI) for many reasons such as its
senses this heat and converts it to an output DC volt- small size, low cost. But it suffers from many draw-
age electromotive force (EMF)'''. This EMF is backs, for example, it has low DC output EMF typi-
measured by high sensitive digital voltmeter. cally in the range of 7 mV which requires high sensi-

When the difference between I, and I, is small, tive voltmeter to respond precisely to the very small
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values of the output EMF. This leads to high uncer-
tainty in the AC current measurements. Due to the
great demand for the highly accurate measurements
of the AC current in the world, many NMI tried to
solve this problem by different methods. In Nation-
al Institute for Standards (NIS), Egypt, a new se-
ries TCC is fabricated to solve this problem. The
new TCC consists of four TEs whose heater leads
are connected in series. Their thermocouples leads
are always connected in series to increase the output
EMF”°' . The series TCC has the rating of 5 mA,
360 Q to measure the AC current from 5 mA to 20 A
by using current shunts and its output EMF is around
35 mV. In this paper, a practical comparison is
done to study the effect of increasing the output
EMF on the low and high AC currents measurement
accuracy and on their uncertainty evaluation.

1 Automatic calibration of AC cur-
rents

AC currents, 5 mA and 5A at different frequen-
cies from 55 Hz to 10 kHz are accurately calibrated
by the two different TCC designs. The first design
TCC is the SJTCC, fabricated at Physikalisch-Tech-
nische Bundesanstalt (PTB), Germany, which con-
sists of one TE with SmA, 90 Q rating and its output
EMF is around 7 mV. The other design is the series
TCC which consists of four TEs with SmA, 360 Q
rating and its output EMF is around 35 mV. The
range extension of the current transfer standards
can be realized using either higher current TCC or
low current TCC with the standard shunts”’ . So, in
this calibration, current shunt resistor Fluke model

A40 is used to accurately calibrate the 5 A AC cur-
rent. This shunt resistor is connected in parallel
with the TCC. Fig.1 shows the used current shunt.

Fig.1 A40 current shunt resistor connected with TCC

This calibration of the AC current is done auto-
matically by using a LabVIEW program through
GPIB card and GPIB cables. Then, this software
makes the measurements of the AC currents by using
the thermal converters under computer control. In
this way switching between AC and DC, and the
reading of the digital multimeter (DMM) can take
place at regular and precise intervals. The results
are automatically saved in an excel sheet.

Fig. 2 shows the circuit set-up of the automatic
calibration system.
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Fig.2 Circuit set-up of AC current calibration by using TCC

The circuit consists of a calibrator, Fluke model
5720A, which is the main operative instrument of
the system that is the applied source of both the sta-
ble and reference DC current and the AC current;
TCC, which is the SITCC or the series TCC con-
nected in parallel with the current shunt for 5 A

range to calibrate AC currents; high precise DMM,
Fluke model 8508A, 8.5 digits, which measures
TCC’ s output EMFs; and a computer programmed
with the suitable software (LabVIEW) program.
The calibration system and DMM are connected to
the computer through GPIB cables.
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The LabVIEW program controls the system oper-
ation, such as the warming-up time, the warming-
up current and the settling time which is the waiting
time before recording the readings from the DMM
(when the TCC is stabilized), and the applied cur-
rent and the frequency required for the calibration.

2 Practical calibration results

The results of AC currents obtained from the two
TCCs are compared with the actual values of the AC
currents which are calibrated at Fluke accredited by
DKD, Germany.

Table 1 shows the measured values of the AC cur-
rents for the ranges 5 mA and 5 A at frequencies

55 Hz, 1 kHz and 10 kHz.

It is found from Table 1 that the results of the
new series TCC are closer to the results of Fluke
(which represent the actual values) than the results
of the SITCC especially in the low currents as
5 mA. However for the calibration of the higher
currents such as 5 A to which a current shunt is con-
nected in parallel with the TCC, it can be found
that the results of the series TCC and the SJTCC are
very closed to each other and also closed to the re-
sults of Fluke. It indicates that the series TCC are
more accurate than the SJTCC in the low current
ranges. But in the high currents due to using a stable
current shunts, the accuracy of the AC currents are
not widely changed.

Table 1 Results of 5 mA and 5 A at different frequencies

Measured values

Nominal value Frequency (Hz)

Fluke SITCC Series TCC
55 5.000 0 mA 4.999 95 mA 4.999 99 mA
5 mA 1 000 5.000 0 mA 4.999 85 mA 4.999 93 mA
10 000 5.000 7 mA 5.000 02 mA 5.000 6 mA

55 4.999 90 A 4.999 90 A 4.999 90 A

SA 1 000 5.000 1 A 4.999 96 A 5.000 2 A
10 000 5.000 2 A 5.000 3 A 5.000 3 A

Each result in Table 1 is obtained from Eq. (1)
where §,, is the average of 10 measurements due to

the applied DC currents and the AC currents at each
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nominal value of current and frequency as shown in
Fig.3, which illustrates the result of the measurand
5 A at 1 kHz by using the series TCC.
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Fig.3 Result of 5 A at 1 kHz using series TCC

3 Uncertainty calculation and perfor-
mance assessment

The uncertainty is evaluated for S mA and 5 A
calibration at the frequencies 55 Hz, 1 kHz and 10
kHz by using the two designs. The sources of uncer-
tainty are divided into Type A (evaluated by statisti-

cal methods and always normal distribution) which
reflects the level of precision and Type B (evaluated
by other means and usually normal or rectangular
distribution) which is caused by equipment and/or
personnel bias®™” . Type A uncertainty of the AC
current calibration is computed for 10 values. Type
B has many contributions such as DMM accuracy,
TCC calibration, DC current source calibration,



208 Journal of Measurement Science and Instrumentation

Vol.4 No.3, Sept. 2013

and the thermal EMF.

Table 2 shows the values of the uncertainty sourc-
es for the SJTCC and the new series TCC for 5 mA,
10 kHz as an example. It is found that the Type A
and the expanded uncertainty of the new series TCC
are very low than the expanded uncertainty of the
SITCC, which reflects that the new series TCC im-
proves the precision and uncertainty of the low AC

and the SJTCC are very close to the results of
Fluke; however, the series TCC has the lowest un-
certainty. It means that the new TCC improves the
uncertainty of the high AC currents calibration but
the accuracy is the same due to the usage of the
shunt resistor which affects the stability of the cali-
bration system.

current calibrations. 5.0015 5 mA at different frequencies
Table 2 Uncertainty budget for 5 mA at 10 kHz 2 50010 Series TCC
Uncertainty values = 30005 seresec .l; £
Uncertainty sources Y - g 5.0000 TSerleiTCC' .
SITCC New series TCC E : ) .t 10 T
luke
Type A 9 1.1 O 499951 = sITCC
DMM accuracy 7.7 2.8 < 4.9990} siree
TCC calibration 7.5 2 4.9985 ) ) .
DC current calibration 4 4 1 2 3
55Hz 1 kHz 10 kHz
Thermal EMF 41 9.3
Exp. uncertainty (zA) +87 +23

Table 3 shows the uncertainty budget of the
SITCC and the new series TCC connected with the
current shunt for 5 A, 1 kHz as an example. It is
found that the Type A of the series TCC! is very
close to the Type A of the SJTCC. But the expanded
uncertainty of the oew series TCC is very low than
the expanded uncertainty of the SITCC, which re-
flect that the new series TCC and the SJITCC have
the same precision but the series TCC improves the
uncertainty of high AC current calibrations.

Table 3 Uncertainty budget for 5 A at 1 kHz

Uncertainty values

Uncertainty sources

SITCC New series TCC
Type A 0.4 0.3
DMM accuracy 21 2.8
TCC calibration 7.5 1.5
DC current calibration 20 20
Thermal EMF 56 9.3
Exp. uncertainty (zA) +127 +45

Fig. 4 and Fig. 5 show visual comparison among
the measured values, 5 mA and 5 A respectively of
Fluke, SJITCC and new series TCC and their uncer-
tainties which are represented with the three col-
umns(error bars) in each frequency range.

The midpoint in each column represents the value
of the measurand. The lower limit and the upper
limit represent the uncertainty limits. The shortness
of the error bar denotes the lower uncertainty in the
calibration system. It is shown from Fig. 4 that the
results, the measured values, by using the new series
TCC, are very close to the results of Fluke and have
lower uncertainty than the SITCC. This means that
the new TCC improves the accuracy and the uncer-
tainty of the low AC currents calibration. From
Fig.5, it is found that the results of the series TCC

Fig.4 Visual comparison for 5 mA results at different fre-
quencies

5 A at different frequencies
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Fig.5 Visual comparison for 5 A results at different fre-
quencies

This is another application on studying the effect
of increasing the output EMF on the accuracy and
the uncertainty of the AC signal measurements™"'" .
This paper proves that the effect of increasing the
output EMF is not necessary on the accuracy and the
precision of the calibration system but it has effect
on improving the uncertainty of the AC signals cali-
brations.

4 Conclusion

The AC currents are automatically calibrated by
two different designs which are differed in their
connected numbers of the TE. 5 mA and 5 A are
calibrated at different frequencies as examples for
the low and higher AC currents. The results are
compared with the actual values of the AC currents
which are calibrated at Fluke. It is found that the
measured values of 5 mA using the new series TCC
are very close to the results of Fluke and have lower
Type A and expanded uncertainty than the SJTCC.
It reflects that the new TCC improves the accuracy
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and the uncertainty of the low AC currents calibra-
tion. And the results and Type A of the 5 A using
the series TCC are very near to those obtained by
using the SITCC and both of them are very close to
the results of Fluke; however, the series TCC has
the lowest uncertainty. It means that the new TCC
improves the uncertainty of the high AC currents
calibration but the accuracy and the precision are
the same due to the usage of the current shunt which
affects the stability of the calibration system.

Then these results and this paper prove that the
new series TCC has a great effect on improving the
AC curacy and reducing the uncertainty of the low
ac current calibration as a result of increasing the
output EMF. On the other side, the accuracy of the
higher AC current calibrations is not greatly affect-
ed by using the series TCC but the uncertainty is im-
proved.
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