
International Journal of Engineering Science  and Computing, March 2017         5840                                                                http://ijesc.org/ 

          
ISSN XXXX XXXX © 2017 IJESC                                                                                                   

                                                       
 

 

BLDC Drive with Fault Tolerant Converter Topology 
Mohanapriya .G

1
, Sai Krutika .I

2
, Jenifer Vidya .R

3
, A jitha .V

4 

Student 
1, 2, 3

, Assistant Professor
4
 

Department of EEE 

Sri Sairam Engineering College, Chennai, TamilNadu, India  

 

Abstract:  

In crit ical applicat ions such as Aerospace, the capability of human intervention is limited. Hence, the fau lt isolation and s ystem 

reconfiguration based on fault-diagnosis methods is a effective means to ensure the continuous disturbance-free operation of the 

drive after the inverter faults. The reliability of the machine drives is one of the most vital factors to guarantee the continuous and 

high performance operation even under accidents or faults.  Power semiconductor device faults account for about 30% of all 

motor faults and up to 50% of the three-phase inverter failures occur due to power switches. So, the high-speed rotor drive system 

demands high operating speed and low power loss. Thus, the Brushless DC (BLDC) motors with an ironless and slotless stator are 

used. BLDC motors have the ability to withstand extreme temperature (up to 200
0
 C) and high shock loads and vibrations. They 

are also capable of producing high torque and high speed. High reliability levels are the important aspect of BLDC motors for 

ensuring long-term stable operation in such applications. This paper proposes a fault -tolerant topology consisting of a redundant 

phase leg and a buck converter for the high-speed BLDC motor. The proposed strategies allow for continuous free operation of 

the drive after the open circuit or short circuit failure occurring in the converter power devices.  This topology provides rated post 

fault power without the over rating of the power devices. The system can achieve safe post fault isolation and system 

reconfiguration to avoid the secondary fault caused by the inverter switches. Thus, the paper focuses on the remedial strategies to 

recover from the fault which include the design of hardware topology and software reconfiguration.  
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I. INTRODUCTION 

 

Brushless DC electric motor (BLDC motors) popularly known 

as electronically commutated motors  are synchronous motors   

powered by a DC electric source via an integrated inverter or 

switching power supply, which produces an AC electric signal 

to drive the BLDC  motor. Stator of the motor is made up of 

stacked steel laminations. These laminations carry the 

windings. The windings are placed in slots which are axially  

cut along the inner periphery of the stator. The rotor of the 

motor is made up of Permanent magnet. The number of poles 

in the rotor can vary from 2 to 8 pole pairs with alternate south 

and north poles which depends on the application. An 

electronic controller replaces the brush/commutator assembly  

of the conventional brushed DC motor (BDC motor), which  

continuously switches the phase to the windings for motor 

rotation. The electronic controller performs similar timed  

power distribution using a solid-state circuit which replaces the 

brush/commutator system in case of Brushed motors. Hall 

sensor provides the informat ion to synchronize armature  

excitation of stator with rotor position. The commutation of 

BLDC motor is controlled electronically; hence the stator 

windings should be energized in sequence in order to rotate the 

motor continuously. BLDC motor works on the principle of 

Lorentz force law similar to that of a conventional DC motor 

which states that whenever a current carrying conductor is 

placed in a magnetic field, it experiences a force. As a result of 

reaction force, the magnet will experience an equal and 

opposite force. In case of BLDC motor, the stator is stationary 

while the permanent magnet rotates. The Pulse Width 

Modulation techniques used in BLDC control introduce 

serious torque[1] and current ripples due to the low inductance 

of the BLDC motor. These high frequency current ripples will 

increase copper and iron losses. In order to achieve low power 

consumption, a Pu lse Width Modulation controlled buck 

converter is used along with the three phase bridge inverter for 

low inductance BLDC motor drive. Buck Converter consists of 

inductor and capacitor which acts as a filter and also as critical 

inductor and critical capacitor for the input side of the three 

phase inverter. Buck Converter varies the speed of the motor in  

order to control the output voltage of the system. As described 

above the inverter i.e., electronic controller circuit energizes 

appropriate motor winding by turning transistor or other solid 

state switches to rotate the motor continuously. The TRIAC is 

an ideal device to use for AC switching applications because it 

can control the current flow over both halves of an alternating 

cycle. A thyristor is only able to control them over one half of 

a cycle. During the remain ing half no conduction occurs and 

accordingly only half the waveform can be utilised. The fact 

that the TRIAC can be used to control current switching on 

both halves of an alternating waveform allows much better 

power utilisation. 35% of  the faults in motor occur due to semi 

conductor device faults  and upto 40% of faults occur due to 

failure of switching devices in inverter. Thus it is required to 

propose a fault isolation [4]and system reconfiguration after 

the switch faults to ensure high reliability and continuous 

operation of the drive. 

 

II. EXIS TING S YSTEM 

 
Figure.1. Existing System 
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The system consists of three phase inverter with additional leg, 

back-to-back connected thrusters and BLDC drive. When open 

circuit or short circuit switch fau lt occurs in the leg of the 

inverter, the faulty leg is replaced by the redundant leg during 

post-fault condition. The back-to-back thyristors[2] sense the 

fault and activates the redundant leg for continuous operation 

of the drive. This fault diagnosis system[3] is capable to detect 

the fault occurrence, identify fault type but does not provide 

effective isolation of the fault. As a result, the faulty switch 

will still be allowing a part of the supply voltage and current to 

the BLDC motor. Here, the output voltage of the BLDC drive 

is controlled internally by the Pulse Width Modulation 

technique within the inverter which would induce serious 

current and torque ripples resulting in inevitable increase in  the 

copper and iron losses. 

 

III. PROPOS ED S YSTEM AND S YSTEM 

DES CRIPTION 
 

The fault tolerant system mainly should perform the following  

tasks in general:  

          1) Fau lt detection; 

          2) Fau lt identification; 

          3) Fau lt isolation. 

 

This proposed system provides complete fault isolation and 

system reconfiguration to ensure continuous operating capacity 

after the inverter faults. The faulty leg is isolated by controlled 

and bi-directional TRIAC switches. The TRAIC switch senses  

the fault and replaces the faulty leg with the redundant leg. 

TRIAC circuit achieves fast post-fault isolation and system 

reconfiguration. Thus, the TRIAC circuit allows for continuous 

free operation of the drive even under fault condition. Here, the 

output voltage of the BLDC drive is controlled externally by 

the PWM controlled buck-type-dc-dc power converter in front 

of the three-phase bridge inverter thereby achieving low power 

consumption of the drive. 

 
Figure.2. consumption of the drive  

 

The proposed system in figure 1.1 consists of  

    1) Buck Converter with redundant  switches. 

    2) Fau lt Protective Circuit.  

    3) Three-phase Full Bridge Inverter with an additional leg.  

    4) Independently Controlled TRIAC Circu it.  

        5) High-Speed Low-Inductance BLDC Motor.      

    The redundant switch T10 in the buck converter is the 

hardware backup of the buck converter switch T7. The 

switches Q1 and Q2 are used to isolate the faulty switch and 

connect the redundant switch after the switch fault in the buck 

converter. The fourth leg composed of switches T8 and T9  

replaces the faulty leg of the three phase inverter during post-

fault condition. The TRAIC circuit consists of six switches in 

which three are used for fau lt detection (Sa, Sb, Sc) and other 

three (Sra, Srb, Src) activates the redundant leg. The fault-

protective circuit consists of a power resistance R1 and a 

MOSFET T11 which is used to isolate the overvoltage 

phenomenon caused by the switch open-circuit or short-circuit  

faults in the inverter.  Under normal operation, the switches Sa, 

Sb, Sc will be in ON condition and the switches Sra, Srb, Src  

will be in OFF condition. In the event of fault, the 

corresponding bypass switch (Sa, Sb, Sc ) will be switched 

OFF and the additional leg’s control switch(Sra, Srb, Src ) will 

be turned ON. Switching OFF of Sa, Sb, Sc will isolate their 

corresponding faulty leg and switching ON of Sra, Srb, Src  

will make the additional leg active instead of the faulty leg. 

Thus effective fault isolation and system reconfiguration is 

achieved.  

 

IV. SWITCH FAULTS IN BUCK CONVERTER 

AND THREE PHAS E INVERTER  

 

The different types of faults which occur in buck converter and 

three phase full bridge inverter are: 

• FAULT F1: Open Circuit fault in Buck Converter 

Switch  

• FAULT F2: Short Circuit fault in Buck Converter 

Switch  

• FAULT F3 : Single Switch Open Circu it  fault in  

Three Phase Inverter  

• FAULT F4 : Single Switch Short Circu it  fault in  

Three Phase Inverter 

 

FAULT F1: Open Circuit fault in Buck Converter S witch  

When buck converter switch T7 is open circuited, duty ratio is 

zero(d=0). The motor current falls to zero due to open circuit 

condition. Therefore fault isolation measures are not necessary 

because no over voltage or over current phenomena occurs. 

Hence the system can be reconfigured immediately after the 

fault detection. The system can be reconfigured by the 

following steps 

i. Turn  OFF MOSFET T7 

ii. Turn  OFF MOSFET Q1 

iii. Turn  ON MOSFET Q2 

iv. MOSFET T10 can be controlled by the calcu lated 

value of duty ratio. 

 

FAULT F2: Short Circuit fault in Buck Converter S witch  

 When buck converter switch T7 is short circuited, duty ratio is 

one (d=1). Thereby, overvoltage phenomenon occurs at the 

buck converter output and the fault should be isolated to 

protect the stator windings of the BLDC motor. Hence the 

system can be isolated as: 

i. Turn OFF MOSFET Q1 

ii. Turn OFF MOSFET T1,T3,T5, So that the motor 

isolated from the over voltage and over current 

phenomena 

iii. Turn ON MOSFET T11  to discharge the overvoltage 

of the buck converter through R1 

iv. Inverter Output Voltage  
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The system reconfiguration re mains the same as that of the 

previous Fault F1. 

 

FAULT F3: Single Switch Open Circuit fault in Three 

Phase Inverter  

When a single switch in a three phase inverter is open 

circuited, over voltage phenomena occurs at the buck converter 

output and motor current falls to zero. Therefore this fau lt must 

be isolated before system reconfiguration.  The system 

isolation remains the same as that of the previous Fault F2. The 

system can be reconfigured as: 

i. Turn OFF MOSFET T11, Sa and Turn ON switch Sra  

ii. Control the MOSFET T2, T3, T5,T6,T8,T9 through 

the commutation signals. 

iii. Turn ON MOSFET Q1 

iv. Use the calculated duty ratio to control MOSFET T7 

 

FAULT F4: Single Switch Short Circuit fault in Three 

Phase Inverter  

When a single switch in a three phase inverter is short 

circuited, over current phenomena occurs. When the 

complementary switch is operated the complete leg will be 

short circuited.  The short circuit will be present in the system 

since the TRIAC will not be turned off till the current falls to 

zero. Therefore this fault must be isolated as soon as possible 

before system reconfiguration. The system isolation and 

reconfiguration remains the same as that of the previous Fault 

F3. 

 

V. S IMULATION RES ULTS  

 

Buck Converter Fault (F1) : Open Circuit Fault 

DC Link  Voltage 

 

 
Figure.3. Buck Converter Fault (F1) : Open Circuit Fault  

DC Link  Voltage 
 

In order to verify the proposed topology structure of the 

inverter and the post-fault condition, a BLDC motor system 

with the proposed fault-tolerant topology is established.    The 

simulation results include DC link voltage, Inverter output 

current, voltage, and speed and toque waveforms. 

 

 

Inverter Output Voltage  

 
Figure.4. Inverter Output Voltage  

 

Inverter Output Current 

 
Figure.5. Inverter Output Current 

 

Inverter Output Speed  

 
Figure.6. Inverter Output S peed  

 

Inverter Output Torque  

 
Figure.7.Inverter Output Torque  

 

Time (sec)  

V
o

lt
a

g
e
 (

V
) 

 

Time (sec)  

C
u

r
r
e
n

t 
(A

) 
 

Time (sec)  

Time (sec)  

Time (sec)  

S
p

e
e
d

 (
r
p

m
) 

T
o

r
q

u
e
 (

N
m

) 
V

o
lt

a
g

e
 (

V
) 

 



International Journal of Engineering Science  and Computing, March 2017         5843                                                                 http://ijesc.org/ 

Inverter Fault (F4): Short Circuit Fault 

 

Inverter Output Voltage 

 
Figure.8.Inverter Output Voltage 

 

Inverter Output Current 

 

 
Figure.9. Inverter Output Current 

 

TRIAC Circuit  Output Voltage 

 

 
 

Figure.10. TRIAC Circuit  Output Voltage 

TRIAC Circuit Output Current 

 

Figure.11. TRIAC Circuit  Output Current 

 

Inverter Output Speed 

 

Figure.12. Inverter Output S peed 

 

Inverter Output Torque  

 
Figure.13. Inverter Output Torque  

VI. CONCLUS ION 

 

In this paper, a fau lt tolerant converter topology and a system 

reconfiguration system for the high speed BLDC motor is 

proposed which is called as “BLDC drive with Fault  Tolerant 

Converter Topology”. The system allows continuous 

disturbance free operation of the drive after the inverter or 

buck faults. This method can achieve safe fault isolation and 

reconfiguration to avoid the secondary switch faults occurred 

due to buck or inverter fau lts.  
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