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Abstract

This paper describes the design parameters and construction of current 
sensors based on inductive coils with no magnetic core. These sensors are 
contactless and can be used in remote conductors at high potentials. This 
sensor doesn�t have iron core (unlike current transformer) so there is no 
non-linearity over a very wide measurement range. Unlike a shunt resistor, 
this sensor provides galvanic isolation and produces no heating.  
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Indukcyjny czujnik pr�du

Streszczenie

W artykule przedstawiono konstrukcj� indukcyjnego czujnika pr�du, który 
nie generuje pola magnetycznego na zewn�trz, a jednocze�nie jest 
odporny na zak�ócaj�ce pola magnetyczne. Czujnik ten nie posiada 
rdzenia magnetycznego, dzi�ki czemu mo�e mierzy� pr�d w bardzo 
szerokim zakresie. Zapewnia on tak�e galwaniczne oddzielenie obwodów 
wej�ciowych i wyj�ciowych. 

S�owa kluczowe: bezstykowy czujnik pr�du, czujnik pola magnetycznego

1. Introduction 

Today, the most popular current sensor technologies are: the 
low resistance current shunt, the current transformer (CT), the 
Hall effect sensor, the magnetoresistive sensor and the Rogowski 
coil.  

Each of these sensors has some disadvantages. Low resistance 
current shunt offers good accuracy, low cost of application and 
simple current measurement circuit, but it is a resistive element, 
and the heat dissipation is proportional to the square of current 
passing through the sensor. This self-heating problem strongly 
limits its applications. Moreover, there is no electrical isolation. 
When high precision current measurement is needed, one must 
consider the parasitic inductance of the shunt. The inductance is 
typically only a few nH, but it affects the shunt�s impedance 
magnitude at relatively high frequency. However, its effect on 
phase is significant enough, even at line frequency, to cause 
noticeable error at low power factor [1]. 

Contactless current sensors must be geometrically selective � 
they should be sensitive to measured currents, and insensitive to 
interferences from other currents and external fields. 

Current transformer is able to measure in a wide range of 
current and consumes low power, but the ferrite material used in 
the core can saturate at high current. Once magnetized, the core  

will contain hysteresis and the accuracy will be degraded unless it 
is demagnetized again. The CT typically has small phase shift 
associated with core magnetization. The amplitude and phase 
errors depend on the core material, size, winding geometry, 
amplitude and frequency of the measured current [2].  

Hall effect sensors used for current measurement can work in 
the two main types of implementation: open- and closed-loop. 
These sensors have a very good frequency response and are 
capable of measuring large current. However, there are several 
drawbacks to this technology: the output from Hall effect sensor 
has a large temperature drift, offset voltage and it usually requires 
stable external current source [1]. 

The closed-loop sensor type, by keeping the resultant field in 
the magnetic core near zero, makes the errors associated with 
offset drift, sensitivity drift and saturation of the magnetic core 
will effectively canceled. Closed-loop Hall effect current sensors 
also provide the fastest response times. However, with a 
secondary coil that may be needed to drive up to several milli-
amps of current, power consumption is much higher in closed 
loop Hall effect devices than in the open loop systems. The closed 
loop configuration also limits the magnitude of the current that 
can be sensed since the device may only drive a finite amount of 
compensation current [3]. 

Magnetoresistive sensors used for current measurement can 
measure DC and AC currents with the frequency of up to a few 
MHz. In some cases the magnetoresistive sensor needs auxiliary 
external magnetic fields (i.e. from permanent magnet) to get 
better linearity - but it is still nonlinear. The second disadvantage 
of these sensors is temperature drift. Magnetoresistors have other 
disadvantages including limited linear range, poor temperature 
characteristics, magnetic memory, and high costs. Also, too strong 
magnetic field can damage the sensor [4]. 

Rogowski coil is typically made as aircore coil, so in theory 
there is no hysteresis, saturation, or non-linearity. The voltage 
output of the coil only depends on the di/dt changes in the primary 
current. The output from Rogowski coil is proportional to the time 
derivative of the current and an integrator is needed to convert the 
di/dt signal back to the format of i(t) [5]. 

2. Principle of operation 

Current sensor described in this article and shown in fig. 1 is 
made of specially shaped current conductor which contains 
measurement coil inside. The coil output signal is proportional to 
the rate of changes of the measured current. To obtain a signal 
proportional to the measured current, coil output signal must be 
integrated. 

            

a).    b). 

Fig. 1.  Current sensor: a - sectional view of special shaped current conductor,  
   b - measurement circuit 

Rys. 1. Czujnik pr�du: a - przekrój, b - uk�ad pomiarowy 



The current generates magnetic field that can be measured 
using magnetosensistive device. Amper�s law states that the line 
integral of the magnetic field intensity (H) around any closed path 
is equal to the current enclosed within that path (formula 1). 

     (1) 

where:  H -  magnetic field intensity,  
 I   -  current,  
 dL - infinitesimal section of the closed loop integrating path, 

Faraday's law states that any change in the magnetic 
environment of the coil causes voltage (Electro-Motive Force - 
EMF) which is inducted in the coil (fig. 2). No matter how the 
change of magnetic field is produced, the voltage is generated 
(formula 2).

     (2) 

where:  EMF - electromotive force, 
� - magnetic flux, 

 t -  time, 

The flux density of a magnetic field induced by a current is 
directly proportional to the magnitude of the current. The changes 
in the magnetic flux density passing through a conductor loop 
generate an EMF between the two ends of the loop. The EMF is a 
voltage signal that is proportional to the di/dt of the current 
(formula 3). The voltage output from the di/dt current sensor is 
determined by the mutual inductance between the current carrying 
conductor and the di/dt sensor [1]. An integrator is needed to 
convert the di/dt signal back to the format of i(t) for further 
processing, because the output from the coil is proportional to the 
time derivative of the current. 

      (3) 

where:  M - mutual inductance, 
 I   -  current, 
 t -  time, 

The output voltage of the coil is directly proportional to the 
di/dt changes in the primary current. Printed circuit board (PCB) 
coil cannot measure DC current, but this type of sensor can easily 
measure AC current up to hundreds of Amps. This coil doesn�t 
have iron core so there is no non-linearity over a wide 
measurement range. 

Fig. 2. Principle of operation di/dt current sensor 
Rys. 2. Zasada dzia�ania czujnika indukcyjnego  

3. Sensor construction 

The main elements of this sensor are special shape conductor 
carrying measured current and the coil inside the conductor 

(fig. 3). The coil can be made of a flat PCB. It can be constructed 
from a few turns of copper wire wound around nonmagnetic core. 
It can also be Rogowski coil.  

a).                                                                          b). 

c).                                                                          d). 

Fig. 3. Current sensor construction: a). general view, b). current flow inside sensor,   
            c). current and magneticfield, d). example coils 
Rys. 3. Budowa czujnika: a). wygl�d ogólny, b). przep�yw pr�du wewn�trz czujnika,  
            c). pole magnetyczne wytwarzane przez przep�ywaj�cy pr�d, d). przyk�adowe 
            cewki 

The special shape of this sensor causes that there is no 
magnetic field outside sensor generated by measured current (fig. 
4). Two or more of these sensors can be used (to measure 
different currents) close to each other with no disturbation fields 
from other sensors. As there is no external field outside this 
sensor, magnetic shield around the sensor can be applied, and this 
shield does not change field inside the sensor. This shield makes 
the sensor very insensitive to external disturbations of magnetic 
fields.

Fig. 4. Magnrtic field inside sensor (cross-section) 
Rys. 4. Pole magnetyczne wewn�trz czujnika (przekrój) 

The output voltage from the coil is proportional to the rate of 
change of the current. This voltage must be integrated, producing 
an output signal proportional to the measured current. The 
addition of an integrator to the coil completes the transducer to 
provide a voltage which reproduces the current waveform. Fig. 1b 
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shows a typical active system which uses an inverting integrator. 
Modern system uses operational amplifiers to gain the signal from 
the coil, and DSP processor to integrate the signal and it makes all 
needed calculations (e.g. energy calculation in energy meters). 

4. Using the sensor in energy meter 

The sensor described in the above section was made to use it in 
the fiscal energy meters. Construction of this sensor makes it very 
useful for energy meters because it is insensitive for external 
magnetic fields and permanent magnet which is very often used 
by electrical energy thieves.  

The block diagram of simple, low cost, one phase energy meter 
with described current sensor is shown in fig. 5. This meter 
contains several main components: power supply, voltage sensor, 
current sensor, energy calculating chip, microprocessor and 
display. The ADE7759 producted by Analog Devices is energy 
calculating DSP chip able to work with Rogowski coil current 
sensor without external integrator. Because the output signal from 
described sensor is the same as from Rogowski coil, the 
ADE7759 chip is used to calculate energy in this case. The 
microprocessor PIC16F648 (Microchip) controls the meter, 
contains the calibration data, reads, stores and displays calculating 
energy. 

Fig. 5. Block diagram of the single phase energy meter, using tested current sensor 
Rys. 5. Schemat blokowy jednofazowego licznika energii elektrycznej 
             wykorzystuj�cego opisywany czujnik 

Fig. 6. Energy meter testing circuit 
Rys. 6. Uk�ad testowania licznika energii elektrycznej 

The energy meter test circuit is shown in fig. 6. This circuit 
contains tested meter, pattern meter, regulated current source and 
current phase shifter. The phase shifter is essential to test the 
meter on the different load condition. In this circuit inductance or 
capicatance load can be simulated. Two main tests of energy 
meters was made. The first at power factor 1 (resistance load), 
and second at power factor 0,5 (inductance load).  

The results of these tests are shown in fig. 7 and 8. The result 
plots show meter error depending on the magnitude of measured 
current with no disturbation fields, and with external disturbation. 
The didturbation was made by placing the disturbation wire 5mm 
from the current sensor. The wire was carrying the same current 
as it was carrying in the sensor. 
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Fig. 7. Meter error, test with power factor 1 
Rys. 7. B��d licznika przy wspó�czynniku mocy 1 
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Fig. 8. Meter error, test with power factor 0,5 
Rys. 8. B��d licznika przy wspó�czynniku mocy 0,5 

5. Conclusion 

Recently the old household inductive energy meters have been 
replaced by the new designed electronic meters. The electronic 
meters are more accurate and flexible. They can contain many 
different scales of charges. Like all energy meters, they must 
work with a wide range of measured current at different load. The 
current sensor in these meters must measure the current very 
accurately and must be resistant to external disturbation, and 
signal from the other phase in the same meter. One of the most 
important features of these sensors is the price. The sensor should 
not be too expensive. Current sensor described in this article 
fulfils these expectations. 
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