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Abstract: This article presents the current measuring circuit for usage in power meters. The circuit provides a measurement class in a dynamic
range over 120 dB with the use of the standard analog-to-digital and digital-to-analog devices. This large dynamic range is achieved with the
appropriate setting of the excitation current of the Hall sensor. Experimental results show that the proposed measuring circuit exceeds the
requirements for accuracy and the dynamics that are defined by the IEC687 standard.

Adaptiven tokovni merilnik za Stevce elektricne mogi

Kljuéne besede: fizika, elektrotehnika, merjenje moci elektri¢ne, merilniki modi elektricne, vezja merilna, Hall senzorji, Hall generatorji, senzorji
toka elektricnega, razredi tocnosti, obmocja merilna, obmogja dinami¢na, zagotavljanje tocnosti
Povzetek: V &lanku je predstavijen tokovni merilnik za uporabo v $tevcih elektri¢ne enrgije. Merilnik zagotavlja merilni razred v dinamicnem obsegu

ved kot 120 dB z uporabo standardnih analogno-digitalnih pretvornikov. Tako veliko dinamiko dosega z primerno nastavitvijo vzbujalnega toka
Hall-ovega senzorja. Eksperimentalni rezultati kaZejo, da predlagan merilnik presega zahteve po natancnosti in dinamiki, podane v standardu

IEC687.

1 Introduction

Besides the accuracy in the dynamic range over 100 dB,
modern power meters are also expected to measure the
power in harmonic components. Only digital instruments
can manage this. In the measurement of the flow of
energy through the network, the change in the voltage
amplitude is relatively small. The specified working
range for an instrument in the class 0.2, defined by the
standard IEC687, is 10% of the reference voltage, but
the changes in the current are larger. According to the
standard IEC687, an instrument in the ciass 0.2 must
measure power for currents from 0.1% of the nominal
current to 120%. Digital instruments for this amplitude
range must have at least 20 bits of AD conversion to
achieve the measurement range and to provide the
declared class of the instrument for the whole measure-
ment range. In that case, the dynamic of the AD con-
verter is 120.4 dB. Because the high resolution AD
converters that work on the sigma-delta principle usuaily
have a SNR relation worse than its dynamic, it is nec-
essary to take AD converters with a higher bit resolution.
Again, they do not have such attractive prices and the
instruments can not be competitive on the market. The
natural solution to this problem is the introduction of
current sensors with changeable sensitivity. This can be
achieved in two ways:

* with the use of fast PGA circuits, for which the gain

is based on the measurement strategy,

» with the use of Hall sensors, for which the gain is set
according to the excitation current.

In this article the new adaptive current measuring circuit
for electric power meters with a Hall sensor is described.
Its gain is set according to the amplitude of the meas-
ured current to ensure the accuracy class of the meas-
uring circuit. The circuit measures currents of ali shapes
in a wide measurement range. The setting is formed

digitally in the back-loop of the measuring range regu-
lator. That way the measuring circuit reduces the dy-
namic of the measured values and achieves the ordered
accuracy with fewer bits of the AD converter. It is useful
in measuring electric power and energy, and in all
measuring instruments which measure the electric cur-
rent with ordered accuracy in a wide measuring range
and galvanic separation of the measuring circuit from
the measuring current.

The article is divided into five chapters. The introduction
is in the first chapter, the summary on the power meas-
uring circuit and Hall sensors follows in the second
chapter, and the third chapter describes the measuring
circuit. The results of testing the measuring circuit pro-
totype are shown in chapter four and the conclusion is
in chapter five.

2 Measurement of electric power and use
of the Hall sensors

Electric power meters use current transformers, shunt
resistors or Hall sensors to measure current. Because
of its many beneficial properties, the use of the Hall
sensors is very wide-ranging. The electric power meter
MT300 from the manufacturer iskra Emeco is very
similar. The measuring circuit contains a Hall sensor
integrated with the circuit for power calculation into the
monolithic circuit; that way, better resistance to the
climatic influence is achieved. The measuring circuit
meets the international recommendation IEC1036 for
class 1 and 2 of the electric power meters. The accuracy
of the electric power measuring circuit also depends on
the frequencies of the voltage and current. Thus the
standard IEC1036 defines the standard reference fre-
guency of the voltage, current and the permitted devia-
tion of 5%, within which the measuring circuit must meet
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the demands for accuracy. In definite cases, electric
power must be measured in a wider frequency band and
with larger dynamics (from 3mW to the 1.5kW) [1,2].
Those demands are fulfilled most easily by the use of
the Hall sensors [3].

3 Current measuring circuit with Hall
sensor

New technology makes it possible to build adaptive
current measuring circuits, which are capable of accom-
modating the measuring range for the flow of the meas-
ured signal. From that the amplitude dynamic is
enlarged. in [4] is described the solution of the adaptive
measuring circuit that uses the model of the measured
system to predict the input of the sensor from the known
input of the measured system. Calculation of the model
requires high calculating power, therefore an efficient
digital signal processor is required. A simpler solution is
to change the gain of the sensor by setting the excitation
current (some measuring circuits for electric power
measurement use this current to directly measure
power). In [4] the use of the excitation current for this
purpose is omitted because of the increased influence
of the noise in smaller gains. However, the new technol-
ogy of the Hall sensors makes it possible to reduce the
influence of the noise and offset voltage [5,6] so that this
solution is promising again.

3.1 How the Hall sensor works

The principle of how the Hall sensor works is generally
known, therefore the only properties that are summa-
rized are those that are used in the proposed measuring
circuit.
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Fig. 1:  Principle of current measurement using the

Hall sensor

It is a known fact that around the current conductor the
magnetic field is formed. If the magnetic field is concen-
trated in the magnetic core, then the Hall sensor can be
put into the core gap, as shown in the Fig. 1.

Voltage on the output connection of the Hall sensor is
defined by (1),

Ullmv) =kn - Iv- Im )]
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where Im is the measured current, /v is the excitation
current and kp is the constant. The factor kn /v can be
used as the changeable gain of the sensor, (2) and (3):

All) =kn - N (2)
and

Ullm, ) = A(lv)Im 3)

A(ly} is the slope of the straight line on which the output
voltage of the Hall sensor moves in relation to the
measured current /m. That is the basis of the how the
proposed current sensor works. The value of the meas-
ured current /; is determined by the division of the Hall
sensor output voltage with the chosen gain. Statical
characteristics of the Hall sensor voltage U in relation to
the gain A(ly) and dependence of the gain A(/y) on the
excitation current /v are shown in the Fig.2. Fig.2 illus-
trates the ideal course of the characteristics. In the real
Hall sensor, the offset voltage must be considered. The
offset voltage depends on the sensor temperature and
the amplitude of the excitation current.
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Fig. 2: Static characteristics of the Hall
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3.2 Design of the measuring circuit

The project block scheme of the proposed measuring
circuit is shown in Fig. 3.

Hall measuring analog-digital
generator  amplifier converter
P ™\ .
T P N\ Data
H )‘ G P ) T) ADC \__> —>
B Y S
] ; T Cont rlol -
signals c
A =
v gl T2
v"' “’, " + \ g
Kb loading KiioZ / offset 1 control
r 7 current 7 voltage signals
i generator generator P,
L . Kourp 2
i - |
ANALOG PART : ] ___ DIGITAL PART
OF THE SENSOR N ~ OF THE SENSOR

Fig. 3:  Block scheme of the adaptive current
measuring circuit with the Hall sensor

The temperature compensated current generator,
driven by the voltage, excites the Hall sensor. Using the
current, the gain of the Hall sensor is set. The output of
the Hall sensor is connected to the measuring amplifier,
and the offset voltage is subtracted from the amplifier.
The resulting signal is then converted with an AD con-
verter. The measured data is then corrected in the
control unit to remove the influence of the changeable
gain of the Hall sensor. Therefore the measured data is
multiplied by the gain of the Hall sensor. If the gain is
set in steps by a factor of 2", then the muiltiplication is
simplified into a simple bit shift of the measuring result
by n bits in the direction of the most significant bit. That
way the building of the control unitis simplified a lot and
is suitable for integration into the programmable unit.
The control unit also takes care of settings of the Hall
sensor’s gain with appended hysteresis, so that uncon-
trollable switching between the measuring ranges is
prevented. The resulting static characteristics are
shown in Fig. 4.
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Fig. 4:  Results of the static characteristics of the
adaptive current measuring circuit with the
Hall sensor

4 Measurements and testing

Measurements were made on the analog part of the
sensor, as shown in Fig. 5.
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The Siemens KSY44 Hall sensorwas used. In Fig. 6 the
static characteristics of the differential Hall voltages for
different gains of the Hall sensor are shown. The gain
was set for excitation currents from 4 to 9 mA.
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Fig. 6:  The static characteristics of the differential
Hall voltages for different gains of the Hall
sensor

Compensation of the offset voltage can be done with an
electronic circuit, however it is better to record the
course of the offset voltage in relation to the excitation
current of the sensor and the temperature of the sensor,
and then store it into the memory. The measured course
of the offset voltage at a constant temperature is shown
in Fig. 7.

Fig. 8 shows the measured statical characteristic of the
sensor with the adaptation of the gain.

For example, there are 5 measuring ranges shown for
currents measured from 1 mA to 64 mA. The output
voltage of the analog part of the measuring circuit moves
in the range from 1 to 7 V. In the case of the ordinary
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Fig. 7. Measured course of the offset voltage at a

constant temperature
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Fig. 8. The measured statical characteristic of the
sensor with the adaptation of the gain}
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sensor, to achieve the measuring class 0.2, defined by
the standard IEC687, a 15 bit AD converter must be
used for the range measuring from 1 mA to 64 mA. In
the case of the proposed adaptive sensor, only a 12 bit
AD converter is required to achieve the measuring class
0.2 by the standard IEC6887. The input measuring range
of the AD converter is 1 to 7 V. 5 measuring ranges of
the sensor are described with 3 bits of the DA converter.
Thus there are still 3 additional measuring ranges that
can be used to widen the measuring range of the
measuring circuit without any change in its measuring
class or that of the AD converter. Together there are 15
bits required to describe the measured signal inside the
margin of error allowed for a class 0.2 measuring circuit.

5 Conclusion

In this article the current measuring circuit for the use in
electric power meters is represented. The current meas-
uring circuit uses a Hall sensor and exploits its proper-
ties to dynamically engage the measuring range. With
this, it is possible to replace the high resolution and
expensive AD converter with the standard, and there-
fore cheaper, AD and DA converter. In the case of the
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ordinary sensor, the AD converter must provide enough
bits to satisfy the accuracy demands in the entire range
of the measured signal. This means that at higher
amplitudes of the measured signal there are less signifi-
cant bits that are not necessary for that measuring
range, and atlow amplitudes we find the most significant
bits which are not used for the measurement. In the case
of the proposed adaptive current measuring circuit, this
is avoided by the use of the changeable gain of the Hall
sensor, so that AD converter must provide enough bits
to satisfy the accuracy demands only inside the output
range of the measuring circuit. By doing so, the needed
bits for the AD converter are reduced. Measurements
on the completed prototype of the measuring circuit
have shown that the circuit is capable of satisfying all
demands for accuracy in a wider current range, as the
standard IEC687 requires.
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