Inductive sensor with homogeneous magnetic circuit
1. INTRODUCION

             The energy in the power system is carried by the current in the conductors, whose potentials differ significantly from the potential of zero. Current sensor network must provide galvanic isolation circuit signal from the circuit. Natural galvanic isolation is obtained by inductive coupling circuit.
            To process the current network is commonly used CTs. The current transformer circuits are coupled by a magnetic flux closure in the ferromagnetic VCR. Signal current in the circuit (the secondary) is roughly proportional to the current processed (the original). Error processing (proportionality) is caused by the current polarization, which is necessary to produce magnetic flux in a ferromagnetic VCR. Current polarization, and therefore the processing error mainly depends on the permeability of the VCR and the parameters of the transformer. CT has a limited range of linearity, narrow bandwidth frequency, do not move the DC current.

The sensor circuits are inductively coupled by a magnetic flux proportional to the current process. The signal induced in the output circuit sensor is exactly proportional to the derivative of current, and the coefficient of proportionality is constant for any value of current over a wide frequency band.
Inductive sensors are used to process the current network, but only in the form of a flexible Rogowski coil (1), which can include cables leading current. Rogowski coil does not provide the exact even distribution of coils on a closed circuit, which means that in the coil can induce extraneous signals from interfering fields. This paper presents an inductive sensor in the form of a rigid closed ring. This sensor has a higher accuracy of processing, but its installation it is necessary to interrupt circuit current processed.
2. Sensor
On the ring with a precise and constant cross-section dimensions: internal diameter 2r1 = 80 mm, outer diameter 2R2 = 160mm, cross-sectional area S = 1500 mm2 (Fig. 1) wound possibly even two layers of silver wire 0.3 mm in isolation. The first layer was wound so tightly coiled filled inner circumference of the ring, twice shorter than the outer perimeter. In this way, the outer perimeter was filled with a layer, and at the periphery of the inner-two. Total turns number N2 = 1000.
The magnetic field generated by current is eddy.
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Where: H1-component of field intensity tangential to the closed path consisting of N1 turns leading the same current i1. The magnetic flux field strength derived from the H1 and is associated with the sensor windings of the number of turns N2 is proportional to the current i1.
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a proportionality factor (treatment) is [2]
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Occurring in equation (3) the functions r1 (y) and r2 (y) describe the cross-boundary sensor. In the particular case, if the cross section is a rectangle with a width b, then
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Rys. 1. Caujnik indukeyjny o jednorodym obwodzie magnetycznym
Fig.1. Homogeneous magnetic circuit inductive sensor




                       Processing coefficient depends only on fixed parameters. It does not depend on the configuration circuit or from external magnetizing fields, but only if the coils are accurately N2 spread evenly on the circumference of the ring, and when the accident are compensated loops that make up the various layers of the sensor windings. Scrolls of the primary current can, in principle, be bent freely. Equitable distribution of the primary coil is preferred. Produced by primary current magnetic field is then approximately perpendicular to the secondary coils, so the component of the electric field perpendicular to the coils is close to zero, which greatly reduces the impact of capacity between the coil on the accuracy of processing.

To determine the overall dependence of processing on the dimensions of the sensor should be fixed, the density distribution of coils on the outer circumference of the ring
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Equation (4) is then transformed into :
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From which it follows that the processing rate, and therefore the larger the sensitivity of the sensors is greater. The approximate value of the sensor processing of the above parameters and assuming that NI = I, and assuming that the sensor is a square section of side 40mm, is M = 5.54 uH. The correct value of the processing of the measurement method is obtained.
3. Measurement of PROCESSING

On the basis of the output signal from the sensor
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You can designate a series of instantaneous current i1k by measuring the average value of the pieces cut from the selected signal to the moments tk moments after half-tk + T / 2 [3]
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where L 2 T - time averaging (integration). Equation (8) is valid under the assumption that the line current i1 is symmetric,  when
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Moreover, if the current i1 is galvanically isolated circuit is in a similar way to synchronously determine sequence of instantaneous load, by measuring the average half-cut parts of the periodic voltage drop caused by the current i1 to the resistor R.
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Strings averages Ek and Uk, form the coordinates E, U, loops (Figure 2). To the surface of the loop is proportional the square of the rms current i1,
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AEU surfaces can be accurately determined by the estimator
[image: image12.png](12)





which does not require that the measurements were carefully spread over the period.
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In addition, loop area does not depend on the constants, which may arise as a result of signal processing, and the course of the loop can be accurately determined even with small fluctuations of the current network. Processing coefficient M is obtained from equation (11) on the basis of a designated area of the loop (12) and the measured rms current. The measuring system is shown in Figure 3 .The system has three test tracks running synchronously. At the same time they are triggered by measurements: the average value signal proportional to the instantaneous value of current (voltmeter V1), the average voltage drop across the resistor R proportional to the instantaneous value of the load (the voltmeter V2) and the effective value of the voltage drop across the resistor R proportional to the rms current (voltmeter V3 .) Square rms current designated under the surface of the loop size, average. It should therefore be compared with the square of the averaged measured rms current. N
                     Equation (11) then take the form
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Determined from equation (13) the correct value of the processing, relative to a primary coil, is
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Error determine this value was estimated on the basis of the repeatability of the measurements.
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Rys. 3. Ukiad do pomiaru wsplczynnika przetwarzania czujnika indukcyjnego
Fig.3. Measure processing factor of inductive sensor circuit




The average value of induced voltage in the coil sensor is determined by the equation
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if the course of the current satisfies the condition (9) and has a half period, only one extreme of equal I1m. Typical levels of voltage (100mV) for the sensor with a coefficient of processing (14), occurs at a flow of current I1mN1 = 10 A. This is a movement of less than the flow needed to meet their respective parameters of the current transformer.
4. The impact of interference


The uncertainty of the current process is mainly caused by induced in the coil
sensor signals from external magnetic fields. Acting on the external field sensor different from the turbulent field generated by current processed, since these are potential in the area of the sensor. Signals from external fields do not offset each other exactly because of imperfect symmetry of the sensor. .
Relative signal level was estimated on the basis of distorting the measured ratio of the average sensor output signal when the sensor does not cover the current flow il N1 and the measured average signal when the sensor include the same current to flow il N1.
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Rys.4. Polozenie czujnika indukcyjnego wzgledem zewngtrznego Zrédia pola magnetycznego
Fig4. Inductive sensor position in relation to external source of magnetic field





Interfering signal, the position sensor with respect to the external field as in Figure 4a, arises mainly as a result did not compensate for the loop formed by individual layers of the winding. The exact compensation of the sensor ring these loops can not be achieved. For a copy made to give the sensor:
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Interfering signal, the position sensor with respect to field disruptive as in Figure 4b, arises from the uneven spread of the scrolls. Its largest value occurs when the greatest inequality is in the field of high gradient. For a copy made to give the sensor:
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The uncertainty resulting from the processing caused by the external field is formed mainly as a result of the accident did not compensate for the loop formed by individual layers of the annular detector. Influence of interference from external fields decline rapidly when the field source away from the sensor.
                                                          5. CONCLUSIONS

                         Inductive sensor converts the AC voltage signal induced in the circuit galvanically insulated from the circuit. The signal is exactly proportional to the derivative of current, and the proportionality factor is constant for any currents. Differential dependence of the signal from the current causes the current needed to restore operations is the implementation of integration or averaging, and taking into account the initial condition.


Inductive sensor with homogeneous magnetic circuit can not be installed in the current circuit without interruption.


The different layers of the sensor coil with homogeneous magnetic circuit accident form loops, which can not be accurately compensated. In these loops can induce a signal independent of processing power. The value of this signal can be 25% of the signal if the detector along its axis will run from the source of the magnetic field flow equal to current flow. The winding of the sensor can be induced by signals from external fields acting perpendicular to the axis of the sensor, if the coils are not perfectly evenly distributed.
The executed copy of the sensor signal is the maximum value of 0.4% of the audio originating from the same flow as the interfering signal.
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