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The key problems in condition monitoring and fault diagnosing brushless direct current motors 
(BLDCs) include: 1) establishing a model that takes into account the influence of various nonlinear 
and complex factors to reveal the short circuit (SC) of winding; 2) exploring the relationship between 
different factors and magnetic field, to detect the SC fault in the early stage, and 3) proposing post-SC 
measures. This paper simulates a healthy and SC faulted BLDC motor including its drive. To do this, 
the Maxwell and Simplorer software are coupled to study the drive of BLDCs with more details. 
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Introduction  
Brushless direct current (BLDC) motors have 

higher efficiency, higher power factor and higher 
torque compared to conventional electrical motors. To 
enhance reliability of the motor applications, on-line 
condition monitoring and fault diagnosis are essential 
[1].  

Generally, a series of mathematical equations can 
model an electrical machine and solution of the 
equations can predict its performance. These 
equations can be simple algebraic or differential 
equations, linear or non-linear and/or combination of 
them depending on the modeling type and complexity. 
The accuracy level of this prediction depends on 
applied simplifying assumptions in developing the 
equations. A combination of geometry, time, electric 
and magnetic phenomena in an electrical machine 
must be considered. By including all these phenomena 
in the modeling enhances the model precision. 
However, this complicates the model. Therefore, 
several models have been so far introduced based on 
the required accuracy level and goal. Each model has 
a particular aim and based on it a number of 
simplifying assumptions are applied. It means that 
some existing phenomena in the machine are not 
included in the model. Previously, powerful 
computations tools were not available and the models 
required more simplifying assumptions to be able to 
solve the governing equations of the models.  
However, nowadays the real conditions of the 
machine may be included for modeling it with 
maximum accuracy.  

There are many fault diagnosis methods usable in 
BLDC motors [3]. Search coil sensor [4] uses 
magnetic field variations which induces voltage in the  

coil. However, it is not a general technique to apply to 
different types of BLDC motors. The parameters of the 
motor can be estimated [5] by measuring inverter 
voltage, dc current and rotor angular speed. Inter-turn 
fault may be also diagnosed by input impedance [6]. 
Some techniques identify the faults with the 
application of wavelet transform [7], neuro-Fuzzy [8] 
and adaptive neuro Fuzzy inference system (ANFIS) 
[9]. Stator input current frequency pattern can also be 
generally utilized for inter-turn fault identification 
[10-12].  

Simulations of a healthy BLDC motor and the 
motor with short-circuit (SC) fault including its drive 
are presented in this paper. For more precise and more 
details study of the motor, the Maxwell finite element 
(FE) software is coupled to the Simplorer software. 

Modeling of the motor 
In analytical methods, magnetic equivalent circuit 

(MEC) of the machine is considered and by the help of 
KVL and KCL, the differential equations of the 
machine are developed based on a series of variables. 
These equations are then solved to determine the 
electrical machine performance. Estimation of the 
magnetic field and flux are taken to be a secondary 
matter. However, in FE method (FEM) the field 
equations are solved in the defined elements through 
interpolation using numerical techniques, magnetic 
field and flux densities are obtained in the whole 
structure of the machine. Therefore, considering the 
capability and precision of the FEM, it is used here for 
modeling the machine.   

In the FEM, magnetic circuits are modeled by 
small meshes. Then, it is assumed that the field is a 
simple function of its position within the meshes and 
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interpolation of the results is possible. If the number 
of elements is large, the required computation time for 
estimation of the field distribution will be too long. 
An appropriate compromise between the finer meshes 
for high accuracy and required processing sources 
must be made to achieve a reasonable computation 
time. 

The FEM is very flexible method, particularly for 
design of a novel machine with new configuration. 
However, the long computation time reduces the 
attractiveness of the FEM application in modeling. 
The FE can model the machine in details and this is 
generally ideal in the final stage of the design. The 
accuracy of the FEM is such that it can be used to 
validate the simulation results obtained by other 
methods, similar with the experimental results. Fig, 1 
presents the proposed BLDC motor simulated by 
Maxwell software and Table 1 summarizes its 
specifications. 

Motor meshing 
A set of boundary conditions is imposed for the 

simulation purpose. Precision of the obtained results 
from the FEM mainly depends on the accuracy of the 
meshing of different regions particularly the air gap. 
After making the geometry of the motor, meshing 
process begins. In this part, the machine is simulated 
by three different meshing with 4800, 15000 and 
37000 number of meshes. Since, there is no 
considerable difference between the output 
waveforms, the low number of meshes is used to 
achieve shorter computation time. Of course, in the  

Table 1 
Specifications of simulated BLDC motor. 

Quantity Value Quantity Value 
Supply voltage 
(V) 36 Opening width 

(mm) 2 

Rated torque 
(Nm) 5.5 Air gap width 

(mm) 1 

Rated speed (rpm) 360 Rotor outer 
diameter (mm) 55 

No. of slots 15 PM thickness 
(mm) 

3 

No. of poles 10 Residual flux 
density (T) 

1.2 

Stator outer 
diameter (mm) 100 No. of 

turns/phase 
135 

Stator inner 
diameter (mm) 57 Phase resistance 

(mΩ) 
435 

Yoke height (mm) 3.7 Self-inductance 
(mH) 

1.48 

Tooth width (mm) 7.1 Mutual 
Inductance (mH) 

0.34 

faulty part and also the air gap finer meshes are 
required to enhance the accuracy. Fig. 2 presents the 
meshing of the motor. 

Fig.1. Simulated motor by Maxwell software. 

Fig 2. Motor meshing. 

Fig.3. Winding of motor. 
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Fig.4. Control block diagram of BLDC motor. 

BLDC motor winding 
There are different methods for electrical machine 

winding. Two-layer concentrated winding is 
employed. in BLDC motor. Here, there are 5 coils in 
each phase. Fig. 3 shows this winding. So far, 
geometry of the motor has been considered. Then, 
simulation of the drive of the motor is presented. 

Simulation of drive using Ansys Simplorer 
Since the BLDC motor is not useable without drive 

circuit. For more precise simulation of the motor, the 
drive is simulated by Ansys Simplorer. By connecting 
two software, Maxwell and Simplorer, simulation of 
the motor is done more precise to consider the drive of 
the faulty motor.   

There are different controllers to be used in the 
BLDC motor over constant-torque and/or constant-
speed regions. They include proportional integral (PI) 
controller and hysteresis band controller.  The PI   
controller is often used for speed control and the 
applied voltage to the power electronics switches is 
pulse-width-modulation (PWM). Fig. 4 presents the 
control block diagram of the motor. 

Fig. 5 shows the designed drive in Simplorer. This 
drive has six power electronics switches and it 
controls the speed in such a way that the reference 
speed is given to the drive by operator and the speed is 
read from Hall effect sensors by feedback and it 
operates at the reference speed by the PI controller. 

Simulation of healthy motor 
Following simulation of the BLDC motor and its 

drive, two softwares are coupled. Fig. 6 presents the 
developed electro-magnetic torque of the healthy 
BLDC motor. Fig. 7 shows the back electro-motive-
force (emf) of the BLDC motor in which the peak 
voltage is 12.9 V. To obtain the voltage waveform, no 

current passes the motor, its shaft rotates, and the 
voltage is read. 

Fig. 8 shows the air gap magnetic flux of the 
motor. The peak flux is approximately 0.68 Wb. Fig. 9 
shows the phase voltage and Fig. 10 exhibits the 
current of the motor respectively. As seen, the 
waveforms are symmetrical.  

Comparison of the predicted waveforms with the 
results reported in [12] indicates the correctness of the 
simulations. The BLDC motor with turn-to-turn fault 
is simulated in the next section. 

Simulation of BLDC motor with inter-turn 
     fault 

Turn-to-turn fault for 3, 6, 9 and 18 short-circuit 
turns are modelled using the Maxwell FE software.  
To apply the modelling separated coils for SC turns is 
considered and the proposed coil in Simplorer is SC 
with no resistance to achieve real conditions. Fig. 11 
shows the modelled motor with 6 SC turns. In fact, 
when an inter-turn fault occurs in the BLDC motor, the 
resistance of the SC turns current path tends to zero. 
Bearing this in mind, in the simulation studies, the 
fault is imposed on the winding without any extra 
resistance to emulate a real inter-turn fault condition. 
To do so, the faulty part of the coils are separated 
from other parts and identifies as an independent coil 
in the Maxwell software as shown in the Fig. 11 in 
which the faulty part has been colored in the red on 
the right hand side. The faulty part has been then 
shortened in the Simplorer software to emulate the 
practical conditions. 

Fig. 12 presents the current waveform in the case 
of 6 SC turns fault. As expected, waveform is 
disturbed and the current is increased to supply the 
load. Fig. 13 shows the current waveform. This fault 
increases and distorts the current waveform.
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Fig.5. Designed drive by Simplorer. 
. 

Fig.6. Electromagnetic torque of healthy BLDC motor. 

Fig.7. Back-emf of healthy BLDC motor. 

“Е+Е”, vol. 56, 5-8, 2021 77



Fig.8. Air gap magnetic flux in healthy BLDC motor. 

Fig.9. Phase voltages in healthy motor. 

Fig.10. Phase currents in healthy motor. 
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Fig.11. Modeled BLDC motor with 6 SC turns. 

Fig.12. Phase current waveform for winding with 6 SC turns fault. 

Fig.13. Current waveform of winding with 6 SC turns in p.u. 
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Conclusion 
In this paper, a FEM-based approach was presented 

to model the BLDC motor using Maxwell and 
Simplorer software. The modelling procedure for 
healthy and faulty BLDC motor was also introduced. 
The simulation results indicated that inter-turn faults 
fluctuate the current waveforms and eventually, it 
might damage the motor drive system. The current 
waveforms can be used to diagnose the turn-to-turn 
fault of the motor. 

REFERENCES 
[1] Kim K. T., Lee Y.S., Hur J. Transient analysis of 

irreversible demagnetization of permanent-magnet 
brushless DC motor with interturn fault under the 
operating state, IEEE Trans. on Industry Applications, 
Volume 50, 2014, pp. 3357-3364. 

[2] Awadallah M., Morcos M. Diagnosis of stator short 
circuits in brushless dc motors by monitoring phase 
voltages, IEEE Trans. on Energy Conversion, Volume 
20, 2005, pp. 246-247. 

[3] Faiz J., Jafari J. Interturn fault diagnosis in brushless 
direct current motors—A review, IEEE International 
Conference on Industrial Technology (ICIT), Lyon, 
France, 2018, pp. 437-444. 

[4] Kim, K.T., Lee S., Hur T. Diagnosis technique using a 
detection coil in BLDC motors with interturn faults, 
IEEE Trans. on Magnetics, Volume 50, 2014, pp. 885-
888. 

[5] Kim K.T., Hur J. Accurate and simple diagnosis 
algorithm for inter-turn fault in the BLDC motor, IEEE 
Energy Conversion Congress and Exposition, Raleigh, 
NC, USA, 2013, pp. 3534-3540. 

[6] Park J.K.,  Jeong C.L., Lee S.T., Hur J. Early detection 
technique for stator winding inter-turn fault in BLDC 
motor using input impedance, IEEE Trans. on Industry 
Applications, Volume 51, 2014, pp. 240-247. 

[7] Awadallah M.A., Morcos M.M., Gopalakrishnan S., 
Nehl T.W.  Detection of stator short circuits in VSI-fed 
brushless DC motors using wavelet transform, IEEE 
Trans. on Energy Conversion, Vol. 21, 2006, pp. 1-8.  

[8] Awadallah M.A., Morcos M.M.,  Gopalakrishnan S., 
Nehl T.W.  A neuro-fuzzy approach to automatic 
diagnosis and location of stator inter-turn faults in CSI-
fed PM brushless DC motors, IEEE Trans. on Energy 
Conversion, Volume 20, 2005, pp. 253-259. 

[9] Awadallah M., Morcos M. ANFIS-based diagnosis and 
location of stator interturn faults in PM brushless DC 
motors, IEEE Trans. on Energy Conversion, Volume 
19, 2004, pp. 795-796. 

[10] Park J. K.,  Seo I.M.,  Hur J. Fault type detection using 
frequency pattern of stator current in IPM-type BLDC 
motor under stator inter-turn, dynamic eccentricity, and 
coupled faults, IEEE Energy Conversion Congress and 
Exposition, 2013, Raleigh, NC, USA, pp. 2516-2521. 

[11] Lee S.T., Hur J. Detection technique for stator inter-
turn faults in BLDC motors based on third-harmonic 
components of line currents, IEEE Trans. on Industry 
Applications, Volume 53, 2017, pages 143-150. 

[12] Park J.K., Hur J. Detection of inter-turn and dynamic 
eccentricity faults using stator current frequency 
pattern in IPM-type BLDC motors, IEEE Trans. on 
Industrial Electronics, Volume 63, 2015, pp. 1771-
1780. 

____________________ 
Prof. Dr. Jawad Faiz - received the M.Sc. from 

University of Tabriz, Iran, in 1975, and the Ph.D. degree 
both in Electrical Engineering from the University of 
Newcastle upon Tyne, UK, in 1988. Since February 1999, 
he has been working as a Professor at the School of 
Electrical and Computer Engineering, College of 
Engineering, University of Tehran, Tehran, Iran. 
tel.+98 21 61114223    е-mail: jfaiz@ut.ac.ir. 

Eng. Ahmad Jafari - received the B.Sc. from University 
of Shiraz, Iran, in 2014 and M.Sc. degree from the 
University of Tehran, in 2017, both in Electrical 
Engineering, Iran. He is now working as senior engineer in 
a company in Tehran, Iran.  
tel.+989173201196  
е-mail:ahmadjafari.ua@ gmail. com. 

Received on: 30.09.2021 

80 “Е+Е”, vol. 56, 5-8, 2021




