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Abstract— Normally, Brushless DC (BLDC) motor use 

sensors to detect the rotor position. But motor with sensors 

have some limitations. To overcome these problems, another 

control technique for sensor less Brushless DC motor 

suggest in this paper. Modeling and simulation of sensor 

less control of Permanent Magnet Brushless DC (PMBLDC) 

motor is carried out using zero-cross detection of back e.m.f. 

technique. Simulink is utilized with the help of MATLAB to 

give a very flexible and reliable simulation. Modeling of 

BLDC motor in state space model to overcome the 

limitations of transfer function based model. With state 

space model representation, the motor performance can be 

analyzed for variation of motor parameters. Results for 

motor three phase back e.m.f., three phase current, three 

phase torque and rotor speed get from simulation. 
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I. INTRODUCTION 

Brushless DC (BLDC) is one type of permanent magnet 

synchronous machine. Recently much advancement in 

permanent magnet materials, solid state devices and digital 

control techniques increase the efficiency of motor, better 

power factor and better dynamic performance [1,2].  Due to 

these reasons BLDC motors are used so many applications 

such as computers, printers and house hold appliances, 

electric vehicle, robotics etc. In BLDC motor electronic 

commutation used rather than mechanical commutation in 

conventional DC motor. So BLDC motor needs inverter 

circuit and position sensors to detect the rotor position. 

Based on rotor position, inverter circuit switches action 

takes and commutates the motor line current in phase with 

corresponding Back Electro Motive Force (BEMF). But the 

use of sensors in BLDC motor have several limitations such 

as it makes the motor body heavy, increasing size of motor 

and also complex wiring required which produces problem 

in interfacing the design, increase the cost, and increase the 

size of the motor. Sensors less control of BLDC motor have 

many advantages such as it has no problem of cleaning hall 

sensors after periodic interval [3]. BLDC motor without 

sensors can also be mounted in less accessible location. 

Motor with sensors below one watt power rating have less 

efficiency due to power consumption in position sensors. 

PMBLDC motor operation without sensors using zero cross 

detection technique modeled and simulated in MATLAB 

SIMULINK [4].       

II. DIFFERENT CONTROL STRATAGIES 

The rotor position detection of the PMBLDC motor can be 

obtained using anyone of the four techniques. They are: (a) 

Detection of the line back e.m.f. voltages of motor (zero-

crossing detection technique) (b) Detection of stator third 

harmonic voltage (c) Detection of conducting interval of 

free-wheeling diodes connected in anti-parallel with the 

solid-state switches (d) Monitoring the inductance variation 

in the d-q axes [1,5,6]. 

The magnitude and polarity of line back e.m.f. 

change at the instant of zero crossing point. The zero-

crossing of these e.m.f. give specific instants of 

commutation and can be used in the same way as Hall-effect 

sensor signals output to switch the devices in a particular 

sequence of power inverter [6]. Each transition occurs at 

every 60 electrical degrees and thus there are six 

commutation instants in one cycle 

The reliability of zero cross detection method 

depends on the measured signals of back e.m.f. voltages. At 

the time of motor starting, there is no back e.m.f. in motor 

and this control technique totally depends on the back e.m.f. 

of the motor. Means this method is suitable only when a 

minimum speed of about 5% of the rated speed is achieved. 

Hence, during starting time, the motor operates in open loop 

mode and is driven by the inverter which operates in 120 

degree conduction mode. When the motor reaches the 

minimum speed to facilitate zero-crossing detection of back 

e.m.f. the control is shifted to zero-crossing detection circuit 

and the drive operates in the closed loop mode. 

The sequence of operation of the motor during 

starting and running time can be seen in the block schematic 

diagram as shown in Fig. 1. 

At the time of starting, the motor run in open loop 

mode due to BEMFs have not build up at sufficient level. In 

this mode motor supply input through by 120 degree 

inverter block. After some time (threshold time), when 

motor has minimum 5% back e.m.f. of rated , than after 

changer block disconnects the 120 degree inverter block and 

motor drives through logical inverter which is close loop 

mode. In close loop mode motor control through controller 

block and inverter opertate through it. 
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Fig. 1: Schematic Block Diagram for Sensor Less Operation 

of PMBLDC Motor 

III. MODELING OF BLDC MOTOR 

The mathematical model of BLDC motor is fundamental for 

corresponding analysis of drives performance and design of 

control system for which is suitable to required performance 

of the drives. For appropriate modeling, the structure 

characteristics and working modes of BLDC motor should 

be considered. The modeling defined here is state space type 

modeling which has certain advantages over transfer 

function modeling [4, 5]. 

Assumptions: 

The assumptions made for the development of PMBLDC 

motor model are: 

1) Induced currents in the rotor due to stator are 

neglected  

2) Three phase star connected motor is considered 

3) Iron and stray losses are neglected 

4) The motor’s three phase are symmetric, including 

their resistaaance, inductance and mutual 

inductances [7].        

Equivalent circuit of BLDCM is shown in fig. 2 which 

has three phase windings in star fashion. Each winding has 

resistance Rs, inductance Ls and mutual inductance is L-M. 

 
Fig. 2: Equivalent Circuit of Stator Windings 

The stator three phase current changes with respect 

to time can be defined as 
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By using this five basic equations, state space 

equations for BLDC motor can be obtained which are given 

below. 

 ̇ = A X (t) + B u (t)                                          (6) 
 

X (t)  =  [         ]T                                          (7) 

u (t)  = [        ] T                                                (8) 

IV. SIMULINK 

A. Simulation of Zero Cross Detection:  

Zero crossing can be defined as a point where the sign of a 

mathematical function changes (e.g. from positive to 

negative), represented by a crossing of the axis (zero value) 

in the graph of the function. It is a commonly used term in 

electronics, mathematics, sound, and image processing 

applications. Simulation diagram for zero cross detection 

shown in Fig. 3. 

 
Fig. 3: Simulation Diagram for Zero Cross Detection 

B. Simulation of BLDC Motor: 

Simulation of BLDC motor is shown in fig. 4 [8].  State 

space modeling of BLDC motor is used in this simulation 

which is implemented in BLDC block. This simulation has 

five main blocks which are BLDC BLOCK, estimate block, 

controller block, inverter block and changer block.  

BLDC block contains two subsystems one is 

‘mybldc’ and another is ‘S-Function’. State space equations 

of BLDC motor implement in this subsystem. The core of 

the state space model calculates the five variables   I_a, I_b, 

I_c, ω and θ.These variables are further processed to give a 

total of 25 outputs that can be monitored. 

‘S-function’ presents a table that contains the 

simulation constants like number of turns per phase, rotor 

length etc. Appropriate values for these parameters should 

be filled in S-function table. 

Logic used for controller block is that if the actual 

current of phase U is less than actual current than transistor 

Q1 will be conduct. If actual current of phase U is more than 

required current, than transistor Q1 will be turned off and 
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transistor Q4 will be turned on. Output of controller signals 

are fed to the inverter circuit.  The inverter ‘ALL PHASE’ 

block consists of six transistor switches. PHASE U, PHASE 

V, PHASE W are the  output of ‘ALL PHASE’ block which 

are input for BLDC  block via changer block. 

 
Fig. 4: Simulation of Brushless DC Motor with Zero Cross Detection 

V. FLOWCHART 

Sequence of operation of BLDC motor simulation can be 

understood by referring the flowchart in the Fig. 5. In 

simulation, the estimate block contains PID controller with 

the values of Kp=16.61, Ki=0.0134 and Kd=0 which is 

tuned by Ziegler Nichols method. 

This block calculates the reference phase current from the 

speed and required torque. Required torque is calculated by 

actual speed and the speed error value. The above value will 

be read and used in a PID controller [9]. The required torque 

is calculated as follows, 

     = [E  (                   
  

   
 ) ]   [     

                                     
  

   
                          (9)   

 
Fig. 5: Flowchart for Whole Control Process 
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The required current is calculated from the 

instantaneous required torque. Then this instantaneous 

torque is converted into approximated Park’s 

Transformation to three phase currents. The approximated 

park’s transformation gives the corresponding phase current 

to every stator phase according to the rotor’s position. 

Current 34 A 

Torque 0.9 N.m 

Self inductance per winding 2.72 mH 

No. of turns per phase 100 

Rotor radius 20 cm 

Mutual inductance between windings -1.5 mH 

Flux density 0.8167 wb 

Motor inertia 0.0002 

Rotor length 30 cm 

Coulomb friction 0.0178 N 

Number of poles 4 

Static friction 0.089 N 

Rotor radius 20 cm 

Winding resistance per 

Phase 
0.7 Ω 

Table 1: BLDC Motor Parameters 

VI. SIMULATION RESULTS 

The simulation was run in MATLAB 6.5 [3] for 

0.20seconds (Simulation time). When the reference speed 

equals to 4000 rpm, the simulation curves of 3Φ back e.m.f., 

3Φ current and rotor speed are shown in Fig. 6, 7, 8, and 

Fig. 9. 

 
Fig. 6: Three Phases BEMF 

 
Fig. 7:  Three Phase Current. 

 
Fig. 8: Three Phase Torque 

 

 
Fig. 9:  Rotor Speed 

VII. CONCLUSION 

BLDC motor analysis based on state space model has been 

carried out. Using zero cross detection technique, motor 
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precise control can be achieved with low cost. State space 

model has many advantages over transfer function model.  

The performance characteristics of the BLDC 

motor can be evaluated for different machine parameters, 

which can be easily varied in the simulation study and  it is 

useful to get information of motor output. The simulation 

results demonstrate that the simulated waveforms fit 

theoretical analysis well. 
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