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Abstract: In this modern era, most of the equipment is electrostatic type. But still, in measuring current, we use 

conservative type. So, we developed a Modified coreless Hall Effect based current sensing method with 

magnetic shielding. The coreless Hall Effect based measurement method uses hall sensors without iron core. 

Hall sensors are firmly fixed on the insulated current carrying conductor. The magnetic flux produced by the 

current carrying conductor is measured by Hall sensor. To reduce the external magnetic field interference from 

the nearby conductors and stray field, magnetic shielding is introduced. The effectiveness of magnetic shielding 

is analyzed by finite element analysis. Thin sheet of silicon steel used as magnetic shielding effectively reduces 

the magnetic field interference from the external environment. The measurement system was tested in the 

distribution system of 11KV/415V-LV side. The full load current is 720Ampere. The current measurement by this 

method is compared with the current transformer rated 1 class of accuracy. The measurement system measures 

current with the same accuracy and good linearity due to the absence of magnetic core.  
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1. INTRODUCTION 
Reliability and safety are the most important con-

siderations in power systems. To obtain the safety and 

reliability requirements use appropriate current trans-

formers (CTs) for measuring the current to provide a 

proper metering and fault protection in a power sys-

tem. A traditional Current Transformer, which is used 

for measuring the current, consists of a magnetic core. 

Because of the usage of magnetic core, it faces critical 

problems such as DC and AC saturation and remnant 

magnetization. The main cause of these problems is 

due to the effect of hysteresis. When faults occur in 

the power systems, the fault currents usually contain 

large DC offsets, which may cause the iron cores of 

CTs to be saturated. Distorted waveforms cause the 

performance of CTs when it's subjected to large in-

stantaneous fault currents. These distorted waves are 

closely related to the fault current offset, the magni-

tude of the fault current, remnant magnetic flux den-

sity in the CT core, secondary circuit impedance, satu-

ration voltage, and the turns ratio [1]. The fault cur-

rent will cause the distortion in the current waveforms 

of the secondary windings. It will lead to false re-

sponses in the current detection and protective de-

vices. Therefore, these faults will severely affect the 

safety and reliability of the power systems.  

The main problems associated with the traditional 

CTs are mainly associated with the iron cores, several  

 

 

 

solutions for reducing the effects caused by iron cores 

have been proposed. It will include the use of air-gap 

CTs [2], magneto optical CTs [3], and linear CTs (i.e., 

Rogowski coil CTs) [4]. To rectify the iron core satu-

ration problem, researchers proposed many solutions 

given below. Researchers proved that introducing a 

small quantity of the magnetic flux in the air gap of an 

iron core can prevent the magnetic saturation. The 

rate of decay is, however, slower than that of a tradi-

tional CT, and thus, may cause greater error [5], [6]. 

The use of nonmagnetic materials and a linear coupler 

to substitute for the iron core of a CT will reduce the 

magnetic saturation of iron core [7]. The cost of linear 

CTs is high because these devices are special preci-

sion one. It will employ a large, high sensitivity coil 

for low frequency current measurement; therefore, 

their applications are limited [8], [9]. Moreover, the 

need for a closed iron core and the large size of tradi-

tional CTs further limit the development of intelligent 

power protection systems. Therefore, research related 

to improving and even replacing traditional CTs is 

ongoing within the power industry. 

Also, the use of a magneto-optical CT composed 

of polished fine optical glass (i.e., A Faraday sensor 

or rotator) will eliminate the magnetic saturation [10], 

[11]. A strawboard band is compactly wound around 
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with a wire to measure the magneto magnetic force 

between the two points. Rogowski coils are mainly 

used for current measurements (e.g., the mmf of a 

closed path) [12], [13]. However, the cost of 

Rogowski coil is high and applications are limited. In 

traditional CTs, the main structure is made up of iron 

cores. Its purpose is not only transforming a magnetic 

field into electricity but also it can block the interfer-

ence from ambient magnetic fields. 

Now a day, Silicon Hall sensors are mainly used 

by the Hall Effect method. These hall sensors are used 

in contactless switches, position indicators, meters, 

and systems for the measurement of speed and rota-

tion in the industry. Hall sensors are also located in 

systems such as current sensing and control systems 

in a power systems. In home appliances, domestic 

electronics, and computers also uses a numerous hall 

probe. A Hall device has the form of a plate fitted 

with four contacts, similar to that with which Hall 

discovered his effect [14]. The Hall device is sensitive 

to the magnetic field that is perpendicular to the chip 

plane. For applications where sensitivity to the mag-

netic field parallel to the device surface is preferred, a 

vertical Hall device has been devised [15]. In this pa-

per, a new method for performing current measure-

ment is proposed; this method involves the use of Hall 

sensors without iron cores, called coreless Hall Effect 

current sensing method. Here the current is measured 

by four and two hall effect sensors and also a new 

proposed model of one hall effect sensors with mag-

netic shielding without iron core and its performance 

analyzed by the existing current sensing method.  

 

2. PROBLEMS WITH TRADITIONAL 

HALL EFFECT CURRENT SENSING 

METHOD   
The In a power cable, if an AC flow, then the mag-

netic field is generated outside the insulator. This 

magnetic field changes with the waveform of the cur-

rent due to Ampere’s circuital law. Hall sensors have 

been researched with respect to their ability to sense 

the variations in a magnetic field and to decrease the 

overall size of traditional CTs [16]. Based on the prin-

ciple of the Lorentz force, Hall sensors operate in a 

quick response time and can measure a wide range of 

magnetic fields [17]. To exhibit steady performances 

and high sensitivity related compensation circuits can 

be integrated into Hall sensors to form Hall ICs to 

enable these sensors. Mainly, Hall Effect transducers 

are used in the following types such as open loop Hall 

Effect transducers and closed loop Hall Effect trans-

ducers [18], [19]. Both these transducers contain cores 

and are mainly used to measure small currents with 

large bandwidths. Because of these attributes, the 

problem of core saturation still exists, and the size of 

the transducers is almost the same as that of tradi-

tional CTs. Moreover, even if some specific Hall-ef-

fect transducers can be used for performing large cur-

rent measurements without core saturation, they still 

cannot be used extensively as of now because of the 

high price of their special core materials. So the pro-

posed model method is to measure the current with 

coreless method by the introduction of magnetic 

shielding. 

 

3.  HALL EFFECT BASED CURRENT 

MEASUREMENT 
 In this proposed model Linear ratiometric Hall sen-

sor IC A1301 is used which is shown in the Figure 1. 

It is a continuous-time, ratiometric, linear Hall-effect 

sensor IC. This Hall Effect Integrated Circuit included 

in each device includes a Hall circuit, a linear ampli-

fier, and a CMOS Class A output structure.  

 

 
Figure 1 Ratiometric linear Hall-effect sensor IC 

 

  Integrating the Hall circuit and the amplifier on a 

single chip minimizes many of the problems normally 

associated with low voltage level analog signals.  

 It is optimized to accurately provide a voltage out-

put that is proportional to an applied magnetic field. 

These devices have a quiescent output voltage that is 

50% of the supply voltage. The Figure 2 shows the 

functional block diagram of Hall IC A1301. 

 

 
Figure 2 Functional Block Diagram of A1301 

 

The Salient Features of this Hall Effect sensor are 

Low noise output, Fast power-on time, Ratio metric 

rail-to-rail output is 4.5 to 6.0V operation, Factory 

programmed at end-of-line for optimum performance, 

Robust ESD performance and Solid-state reliability. 

 

3.1 Instrumentation Circuits 
 The Summing Amplifier is used as weighted adder 

for averaging circuit. It averages the output Hall volt-

ages for four hall sensors. The inverting adder con-

figuration is used. The input resistance is four times 
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the feedback resistance. As a result added voltage is 

divided by four and averaging operations of four Hall 

voltages is achieved. Here the operation is compared 

among the four, two hall sensors and also one hall 

sensor with magnetic shielding. The same circuit is 

used for two hall sensors to increase the input resis-

tance as two times the feedback resistance with the 

help of jumper in the circuit. The summing amplifier 

circuit is shown in Figure 3. 

 

 
Figure 3 Summing Amplifier circuit 

 

 This Hall Effect device has a quiescent output volt-

age that is 50% of the supply voltage. In the quiescent 

state (no significant magnetic field: B = 0), the output,  

VOUTQ, equals one half of the supply voltage, VCC, 

throughout the entire operating ranges of VCC and 

ambient temperature, TA. Due to internal component 

tolerances and thermal considerations, there is a toler-

ance on the quiescent output voltage, ΔVOUTQ, which 

is a function of both ΔVCC and ΔTA. The Figure 4 

shows the plot of quiescent voltage versus supply 

voltage. 

 

 
Figure 4 Quiescent voltage Vs supply voltage 

 

 
Figure 5 Quiescent Voltage Nullification Circuit 

 The Figure 5 shows the circuit diagram of the 

nullification circuit of quiescent voltage. 

 

4. MULTISIM 
NI Multisim (formerly MultiSIM) is an electronic 

schematic capture and simulation program which is 

part of a suite of circuit design programs, along with 

NI Ultiboard. Multisim is one of the few circuit de-

sign programs to employ the original Berkeley SPICE 

based software simulation. To check whether the de-

signed summing amplifier and quiescent voltage nulli-

fication circuit are given the accurate and desired re-

sult. 

 The Figure 6 shows the SPICE simulation schemat-

ics of summing amplifier circuit and quiescent voltage 

nullification circuit and Figure 7 shows the output of 

the simulation of weighted adder and differential am-

plifier. 

 

 
Figure 6 Schematic diagram – MultiSIM 

 

 
Figure 7 Simulated output of summing amplifier circuit and 

quiescent voltage nullification circuit 

 

5. DESIGN by COMSOL 
COMSOL – COMmunication  SOLution. 

COMSOL Multiphysics is a finite element analysis, 

solver and Simulation software / FEA Software pack-

age for various physics and engineering applications, 

especially coupled phenomena, or Multiphysics. Here 

we use COMSOL Multiphysics to see how the mag-

netic flux distributed in the single conductor and be-

tween the two conductors. And also see how the mag-

netic flux reacts with the high permittivity material. 

Depending upon the distance between the two con-

ductors their magnetic flux affects each other. To 

clarify how it influences the current measurement in 

the Hall Effect sensor by using COMSOL 

Multiphysics. The entire simulation is done under the 

AC/DC Module- Magnetic Field Simulation. 
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5.1 Settings Window  
For the sample simulation purpose, consider a con-

ductor with the radius of 0.01 meters and we take the 

same radius for the two conductors also. The geome-

try setting is shown in the Figure. For designing a 

magnetic shielding, consider a rectangle like material 

with a high permittivity range with a height of 0.1 

meter and 0.05 meters away from the conductor 

shown in the Figure 8, 9, 10. 

 

 

Figure 8 Geometry settings for conductor 

 

 

Figure 9 Geometry settings for conductor with shielding 

 

 
 

Figure 10 Geometry setting for Magnetic shielding 

 

5.1.1  Parameters and Scope  

Parameters are user-defined constant scalars that are 

usable throughout the model. That is to say, they are 

“global” in nature.  

In parameter setting, consider a sample value for 

the parameters current, current density. For the con-

ductor testing, give the R.M.S value of the current as 

200A. Therefore the peak value of the current is 

282A. By using a calculation, find the value of current 

density as 8.9763E5 A/m
2
 which is shown in the Fig-

ure 11. 

 

 
 

Figure 11 Parameter initialization 

 

 
 

Figure 12 Material-Air with shielding 

 

The “scope” of a Parameter or Variable is a state-

ment about where it may be used in an expression. All 

Parameters are defined in the Global Definitions node 

of the model tree. This means that they are global in 

scope and can be used throughout the model tree. 

Here give property for the air domain, such as rela-

tive permittivity and relative conductivity as 1. And 

also the property of the electrical conductivity as 0 for 
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the simulation of two conductors and a single con-

ductor with magnetic shielding showed in the Figure 

12. 

For conductor property, give the current density 

value to the circle dimension mentioned above. It is 

shown in the Figure 13 & 14. 

 

 
 

Figure 13 Current density in the conductor 

 

 
 

Figure 14 Current density in the conductor with shield-

ing 

 

For magnetic shielding setting, give the relative 

permeability value as 9000 which was the value of the 

silicon steel material. It is shown in the Figure 15. 

In this graphics window, see the magnetic field flux 

density how it varies from the different distance. The 

variation in the magnetic field flux density denoted in 

the scale of the graphics window. The red colour de-

notes the high magnetic field flux density. Slowly the 

magnetic field flux density decreases to the low value. 

The blue colour denotes the high magnetic field flux 

density. The Figure 16 shows the Magnetic flux den-

sity of the two conductors and a single conductor with 

magnetic shielding. 

 
Figure 15 Magnetic shielding permeability settings 

 

5.1.1.1  Results 

 
Figure 16 Result for mf without shielding 

 

 From the Figure 17, infer that the magnetic shield-

ing does not allow the magnetic flux inside and out-

side the conductor. The magnetic flux will surround 

through the magnetic shielding. Therefore the external 

interference cannot alter the magnetic field flux den-

sity value. So we can easily measure the current value 

with the help of only one Hall Effect sensor. Result 

diagram also helps where to place the Hall Effect sen-

sor to find the accurate value of the current flowing 

through the conductor. 

 
Figure 17 Result for mf with shielding 
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6.  LabVIEW VI for DATA ACQUISITION 
 LabVIEW (short for Laboratory Virtual Instrument 

Engineering Workbench) is a system-design platform 

and development environment for a visual program-

ming language from National Instruments. 

LabVIEW includes built-in support for NI hardware 

platforms such as Compact DAQ and Compact RIO, 

MAX and VISA toolsets. 

The VI for data acquisition is shown in the Figure 

18. The given VI is used for the acquisition of data 

from a current measurement setup with and without 

magnetic shielding. 

 

 
Figure 18 LabVIEW VI for Data Acquisition 

 

The output voltage Data Acquisition of the hall sen-

sor is done through NI USB 6009(DAQ).               The 

output from the sensor is interfaced with NI USB 

6009 DAQ to the LabVIEW. When the supply is 

given sensor measures the current flowing through the 

conducting cable and the output value of current is 

displayed in the LabVIEW. This output is compared 

with the reference current transformer and the accu-

racy is checked. In this the magnetic field from nearby 

cables affects the function of sensor.  

In order to avoid the ambient interference we have 

employed the magnetic shielding. We have used thin 

sheet of Silicon steel. Now the sensor is shielded from 

the magnetic interference by the silicon steel, the 

measurement is now taken and it is interfaced with 

LabVIEW to check the output and it is found to be 

accurate compared with that to the reference current 

transformer.  

 

7.  RESULTS AND DISCUSSION 
 

7.1 Problem of External Field Interference 

due to Nearby Power Line 
 The results observed in the simulation of magnetic 

field produced by two adjacent conductors are shown 

in Figure 19. 

 The spacing between two conductors is 0.2m and 

each conductor is carrying 200A current. A finite El-

ement Analysis (FEA) simulation result clearly shows 

that the adjacent conductor produces magnetic inter-

ference and it affects the accuracy of current meas-

urement. And hence magnetic shielding has been in-

troduced in order to minimize the external magnetic 

field interference into the sensing unit. The effective-

ness of magnetic shielding is simulated by the FEA 

software and it is shown in the Figure 20. 

 

 
Figure 19 Magnetic flux density around two adjacent con-

ductors 

 

 
Figure 20 Magnetic flux distribution with magnetic shield-

ing 

 

 In the simulation process, the magnetic shielding 

(thin sheet of Silicon Steel) is placed 0.05m away 

from the conductor. The shielding effectively reduces 

the magnetic field into the external environment. Due 

to this advantage, the proposed model consist only 

one Hall Effect sensor. 

 

7.1.1  Measurement Setup 

 The current measurement was done in the distribu-

tion system of 500KVA, 11KV/415V (LV Side). Full 

load current is 700Ampere. The Figure 21 shows that 

measurement setup with reference CT of class 1 of 

accuracy and coreless Hall Effect Current sensor. And 

Figure 22 & 23 shows the measurement DAQ setup 

without magnetic shielding and with magnetic 

shielding respectively. 

Let us consider current through the conductor, 

I = 100Ampere 

The magnetic field produced at a point 2cm away 

from the centre of the conductor is calculated using 

Biot-Savart law. 

  
    

   
 

Where,  

B is the magnetic flux density at a distance r from 

the center of the conductor.  
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I is the electric current flowing in the conductor. 

    is the permeability of free space. 

 

  
       

       
 

We get, 

B=9.999*10
-4

 Tesla 

 

 
 

Figure 21 Measurement setup  

 

 
 

Figure 22 Measurement setup without shielding 

 
 

Figure 23 Measurement setup with magnetic shielding 

 

7.1.1.1 Sample Calculation 

Let us consider current through the conductor, 

I = 100Ampere 

 

The magnetic field produced at a point 2cm away 

from the centre of the conductor is calculated using 

Biot-Savart law. 

  
    

   
 

Where,  

B is the magnetic flux density at a distance r from 

the center of the conductor.  

I is the electric current flowing in the conductor. 

    is the permeability of free space. 

 

  
       

       
 

We get, 

B=9.999*10
-4

 Tesla 

Hall sensor IC produces 2.5mV for 0.1mTesla. 

And hence, for 9.999*10
-4

 Tesla, the sensor pro-

duces output of 0.02499Volts. 

The Amplifier produces the voltage gain of 10. And 

thus the output voltage of the hall sensor after cross-

ing the weighted adder and differential amplifier and 

is 0.2499Volts. The output voltage data acquisition is 

done with the help of NI-DAQ and results are manip-

ulated and displayed. 

 The measured current through the modified core-

less Hall Effect current sensor method is compared 

with reference to CT rated 1 class of accuracy. And 

the Accuracy level of class1 is achieved through our 

measurement method. The accuracy of traditional CTs 

is compared with four Hall Effect sensor and two hall 

effect sensor and finally with the proposed model 

(i.e.) one Hall Effect sensor with magnetic shielding. 

 

8.  CONCLUSION 
A modified coreless Hall Effect current sensor for 

current measurement has been developed. Simulation 

and measurement results prove that the modified 

coreless Hall sensor with magnetic shielding can ac-

curately measure the current. And it does not experi-

ence the non linearity and saturation related problems 

usually encountered in Current Transformer. The ad-

dition of magnetic shielding around the sensor unit 
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effectively reduces the external magnetic field inter-

ference from nearby power lines. The modified Core-

less Hall Effect current measurement exhibits the 

following features like Current measurement range up 

to 700Ampere with class 1 accuracy. Also It is small 

in size and low cost compared to Current Trans-

former. There is also an absence of saturation and 

remnant magnetization problem. 
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