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ABSTRACT 
In this paper Hall effect and its Application with electronically controlled BLDC motor is presented. . In section I and II the 
brief summary of Hall effect has been discussed. Later in section III the developed sensor based on the Hall effect has been 
discussed. This plays an important role in the commutation of the modelled BLDC motor by sensing the position of the rotor. A 
comparative discussion over BLDC and DC motor has been presented in section IV along with its modelling later in section V. 
Also the bode plot  response of modelled motor has been presented in same section. Section V also presents the model of the 
motor for sudden change in torque  along with developed matlab results. At last the speed torque characteristic of the modelled 
motor is presented  
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1. INTRODUCTION 
The Hall effect is the production of a voltage difference (the Hall voltage) across an electrical conductor, transverse to 
an electric current in the conductor and a magnetic field perpendicular to the current. It was discovered by Edwin Hall 
in 1879. The Hall coefficient is defined as the ratio of the induced electric field to the product of the current density and 
the applied magnetic field. It is a characteristic of the material from which the conductor is made, since its value 
depends on the type, number, and properties of the charge carriers that constitute the current. The Hall effect was 
discovered in 1879 by Edwin Herbert Hall while he was working on his doctoral degree at Johns Hopkins University in 
Baltimore, Maryland. His measurements of the tiny effect produced in the apparatus he used was an experimental tour 
de force  accomplished 18 years before the electron was discovered. 

2. HALL EFFECT THEORY 
The Hall effect comes about due to the nature of the current in a conductor. Current consists of the movement of many 
small charge carriers, typically electrons, holes, or all three. When a magnetic field is present that is not parallel to the 
direction of motion of moving charges, these charges experience a force, called the Lorentz force. When such a 
magnetic field is absent, the charges follow approximately straight, 'line of sight' paths between collisions with 
impurities, phonons, etc. However, when a magnetic field with a perpendicular component is applied, their paths 
between collisions are curved so that moving charges accumulate on one face of the material. This leaves equal and 
opposite charges exposed on the other face, where there is a scarcity of mobile charges. The result is an asymmetric 
distribution of charge density across the Hall element that is perpendicular to both the 'line of sight' path and the 
applied magnetic field. The separation of charge establishes an electric field that opposes the migration of further 
charge, so a steady electrical potential is established for as long as the charge is flowing. It should be noted that in the 
classical view, there are only electrons moving in the same average direction both in the case of electron or hole 
conductivity. This cannot explain the opposite sign of the Hall effect observed. The difference is that electrons in the 
upper bound of the valence band have opposite group velocity and wave vector direction when moving, which can be 
effectively treated as if positively charged particles (holes) moved in the opposite direction to that of the electrons.  
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Fig.1 circuit showing the Hall Effect phenomenon 

For a simple metal where there is only one type of charge carrier (electrons) the Hall voltage VH is given by 
 

 
 
 

where I is the current across the plate length, B is the magnetic field, d is the depth (thickness) of the plate, e is the 
electron charge, and n is the charge carrier density of the carrier electrons.The Hall coefficient is defined as 

                                                              
 

 
where j is the current density of the carrier electrons, and is the induced electric field. In SI units, this becomes 

 
As a result, the Hall effect is very useful as a means to measure either the carrier density or the magnetic field. One 
very important feature of the Hall effect is that it differentiates between positive charges moving in one direction and 
negative charges moving in the opposite. The Hall effect offered the first real proof that electric currents in metals are 
carried by moving electrons, not by protons. The Hall effect also showed that in some substances (especially p-type 
semiconductors), it is more appropriate to think of the current as positive "holes" moving rather than negative 
electrons. A common source of confusion with the Hall Effect is that holes moving to the left are really electrons 
moving to the right, so one expects the same sign of the Hall coefficient for both electrons and holes. This confusion, 
however, can only be resolved by modern quantum mechanical theory of transport in solids. It must be noted though 
that the sample in homogeneity might result in spurious sign of the Hall effect, even in ideal van der Pauw 
configuration of electrodes. For example, positive Hall effect was observed in evidently n type semiconductors. 
Hall effect devices when appropriately packaged are immune to dust, dirt, mud, and water. These characteristics make 
Hall effect devices better for position sensing than alternative means such as optical and electromechanical sensing. 
When electrons flow through a conductor, a magnetic field is produced. Thus, it is possible to create a non-contacting 
current sensor. The device has three terminals. A sensor voltage is applied across two terminals and the third provides 
a voltage proportional to the current being sensed. This has several advantages; no additional resistance (a shunt, 
required for the most common current sensing method) need be inserted in the primary circuit. Also, the voltage 
present on the line to be sensed is not transmitted to the sensor, which enhances the safety of measuring equipment. 
Magnetic flux from the surroundings (such as other wires) may diminish or enhance the field the Hall probe intends to 
detect, rendering the results inaccurate. Also, as Hall voltage is often on the order of milli volts, the output from this 
type of sensor cannot be used to directly drive actuators but instead must be amplified by a transistor-based circuit. 

 
 
 
 
 
 
 
 
 
 
 

Fig.2 transistor based hall sensor 
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Hall effect current sensor with internal integrated circuit amplifier. 8 mm opening. Zero current output voltage is 
midway between the supply voltages that maintain a 4 to 8 Volt differential. Non-zero current response is proportional 
to the voltage supplied and is linear to 60 amperes for this particular (25 a) device. 
When a current-carrying semiconductor is kept in a magnetic field, the charge carriers of the semiconductor experience 
a force in a direction perpendicular to both the magnetic field and the current. At equilibrium, a voltage appears at the 
semiconductor edges. The simple formula for the Hall coefficient given above becomes more complex in 
semiconductors where the carriers are generally both electrons and holes which may be present in different 
concentrations and have different mobilities. For moderate magnetic fields the Hall coefficient is 

 
where is the electron concentration,  the hole concentration,  the electron mobility,  the hole mobility 
and  the absolute value of the electronic charge. 
For large applied fields the simpler expression analogous to that for a single carrier type holds. 

 

3. HALL EFFECT SENSOR 
A Hall effect sensor is a transducer that varies its output voltage in response to a magnetic field. Hall effect sensors are 
used for proximity switching, positioning, speed detection, and current sensing applications. In its simplest form, the 
sensor operates as an analogue transducer, directly returning a voltage. With a known magnetic field, its distance from 
the Hall plate can be determined. Using groups of sensors, the relative position of the magnet can be deduced. 
Electricity carried through a conductor will produce a magnetic field that varies with current, and a Hall sensor can be 
used to measure the current without interrupting the circuit. Typically, the sensor is integrated with a wound core or 
permanent magnet that surrounds the conductor to be measured. Frequently, a Hall sensor is combined with circuitry 
that allows the device to act in a digital (on/off) mode, and may be called a switch in this configuration. Commonly 
seen in industrial applications such as the pictured pneumatic cylinder, they are also used in consumer equipment; for 
example some computer printers use them to detect missing paper and open covers. When high reliability is required, 
they are used in keyboards. 

 
Fig.3 showing developed model of hall sensor alongwith rotor 

 
Hall sensors are commonly used to time the speed of wheels and shafts, such as for internal combustion engine ignition 
timing, tachometers and anti-lock braking systems. They are used in brushless DC electric motors to detect the position 
of the permanent magnet. In the pictured wheel with two equally spaced magnets, the voltage from the sensor will peak 
twice for each revolution. This arrangement is commonly used to regulate the speed of disk drives. 
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Fig.4 motor fan with hall effect sensor 
 
HALL PROBE 
A Hall probe contains an indium compound semiconductor crystal such as indium antimonide, mounted on an 
aluminum backing plate, and encapsulated in the probe head. The plane of the crystal is perpendicular to the probe 
handle. Connecting leads from the crystal are brought down through the handle to the circuit box. When the Hall Probe 
is held so that the magnetic field lines are passing at right angles through the sensor of the probe, the meter gives a 
reading of the value of magnetic flux density (B). A current is passed through the crystal which, when placed in a 
magnetic field has a “Hall effect” voltage developed across it. The Hall effect is seen when a conductor is passed 
through a uniform magnetic field. The natural electron drift of the charge carrierscauses the magnetic field to apply a 
Lorentz force (the force exerted on a charged particle in an electromagnetic field) to these charge carriers. The result is 
what is seen as a charge separation, with a build up of either positive or negative charges on the bottom or on the top of 
the plate. The crystal measures 5 mm square. The probe handle, being made of a non-ferrous material, has no 
disturbing effect on the field. A Hall Probe is enough to measure the Earth's magnetic field. It must be held so that the 
Earth's field lines are passing directly through it. It is then rotated quickly so the field lines pass through the sensor in 
the opposite direction. The change in the flux density reading is double the Earth's magnetic flux density. A hall probe 
must first be calibrated against a known value of magnetic field strength. For a solenoid the hall probe is placed in the 
center. 

4. BRUSHLESS DC MOTOR 
BLDC motors are basically inside-out DC motors. In a DC motor the stator is a permanent magnet. The rotor has the 
windings, which are excited with a current. The current in the rotor is reversed to create a rotating or moving electric 
field by means of a split commutator and brushes. On the other hand, in a BLDC motor the windings are on the stator 
and the rotor is a permanent magnet as shown in Fig.1 [4]. Hence the term inside-out DC motor. To make the rotor 
turn, there must be a rotating electric field. Typically a three-phase BLDC motor has three stator phases that are excited 
two at a time to create a rotating electric field. This method is fairly easy to implement, but to prevent the permanent 
magnet rotor from getting locked with the stator, the excitation on the stator must be sequenced in a specific manner 
while knowing the exact position of the rotor magnets. Position information can be gotten by either a shaft encoder or, 
more often, by Hall effect sensors that detect the rotor magnet position. For a typical three phase, sensored BLDC motor 
there are six distinct regions or sectors in which two specific windings are    excited  

. 
Fig.5 DC Motor and BLDC Motor 
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By reading the Hall effect sensors, a 3-bit code can be obtained with values ranging from 1 to 6. Each code value 
represents a sector on which the rotor is presently located. Each code value, therefore, gives us information on which 
windings need to be excited. Thus a simple lookup table can be used by the program to determine which two specific 
windings to excite and, thus, turn the rotor as shown in Fig.2. 
Thus physical commutator in DC motor is replaced by electronic commutation mechanism by sensing the rotor pole 
position with the help of three Hall effect sensors mounted on the stator. As shown in Figure below, two windings of 
stator are excited together for completing the circuit to allow the current to flow from source to generate suitable 
magnetic pole in stator and rotor air gap for developing suitable torque in the mototor. 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
Fig.6 BLDC commutation diagram 

5. MODELLING  OF THE BLDC MOTOR AND ITS SIMULATION 
This complete servo drive is modelled and simulated [3] but modelling of the BLDC motor is presented here. The 
model of the BLDC motor is shown in Fig.5. In this model, the controlled signal obtained from servo amplifier is fed to 
the field winding. With the help of constant current source the armature current is maintained constant. 

              
Fig.7 Modelling of BLDC Motor                                                               Fig.8 Block diagram of BLDC Motor model 
 
Motor torque is proportional to product of flux and armature current 

           
IaKtTm

IaTm
.

.



 

Back Emf is directly proportional to shaft velocity m
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Applying Kirchoff’s law to armature circuit we get, 

  dt
di

LRIEe a
aaaba  )(

 
Motor parameters are as follows: 

 Motor armature resistance (Ra) = 0.112 Motor armature inductance (La) = 0.0047  
 Motor armature inertia (Jm) = 0.0168 kg-m2  
 Motor Static friction (Bm) = 1.76 Nm 
 Motor Viscous damping = 0.358 N-m/krpm 
 Back emf constant (Kb) = 0.142 
 Torque constant (Kt) = 2.35 N-m/Amps 

The response of BLDC motor model is shown in Fig.9. 
                                                                                                               

 
Fig.9 Response of the motor model 

    
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig.10 Modelling of Motor with sudden change in torque 
 
 

 
 
 
 
 
 
 
 
 
 
 

                                                 Fig.11 Response of the motor model with sudden change in torque 
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The speed-torque characteristics as shown in Fig.9 exhibits practically linear behavior at different voltages [6]. It can 
be mathematically expressed  as equation of a line i.e. y= mx +c. So, it can be represented  with just 2 points for a given 
voltage (No-load speed, Stall torque). Performance of BLDC motor can be estimated at any voltage with additional 
parameters 

 

 
 

Fig.12 speed torque characteristic 

6. CONCLUSION 
In this paper, Hall effect and its application in design and operation of brushless DC motor  which are gaining 
popularity now days  is presented. A brief theory of Hall effect and sensor based on this effect has been discussed in 
section I, II and III.Comparative study of BLDC motor with DC motor is presented in section IV. Commutation 
diagram of  BLDC motor is shown in figure6. Modelling of BLDC motor and its equivalent circuit is discussed in 
section V. BLDC model is simulated in MATLAB and its Bode Plot and step response are shown. MATLAB 
Simulation Waveforms are also presented. The simulated responses are found to be within specified limits. The motor 
is mathematically modelled and simulated to verify its response for sudden change in the input torque. Its speed-torque 
characteristic is also discussed. The modelled BLDC motor after its satisfactory response has been accepted for use in 
heavy load electromechanical servo mechanism. 

REFERENCES 
[1] “Fully IntegratedBLDC Motor Control” Application Note,4987A-AUTO-03/07, ATMEL 
[2] “Implementing a Brushless DC Motor Controller on an IGLOO FPGA”, Application Note, Ishnatek systems & 

services pvt ltd. 
[3] VV Parlikar, P M Kurulakr, Dr A K Mishra, A N Kulkarni and C Ganguly,  “Electromechanical Servo Drive 

System for Articulation of Heavy Load Weapon System Launching Platform” Proceedings of National Conference 
on Advances and Research in Electrical System Technology (AREST’11), Organised by Arya  Institute of Engg & 
Technology Jaipur, from 23-24 April 2011 

[4] Prof. N Kannan, “The Brushless DC Motor for Aerospace Applications” CEP Lecture Note at RCI Hyserabad 
on 03rd Nov’2010 

[5] Stan D’Souza, “Sensored BLDC Motor Control Using dsPIC30F2010” Documents No. DS00957A, 2004 
icrochip Technology nc. 

[6] Kartik Sitapati, “Brief Description of BLDC Motor Design and Simulation: Behind The Software” CEP Lecture 
at RCI, Hyderabad on 03rd Nov’2010 

 
 
 
 
 
 
 
 
 
 
 
 
 


