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ABSTRACT 

Fault tolerance is gaining interest as a means to increase the reliability and availability of distributed energy 

system. In this project presents a new technique for fault detection in vector controlled induction motor (IM) drive. The 

proposed current estimation uses estimation uses d- and q-axes currents and is independent of the switching states of the 

three-leg inverter. While the technique introduces a new concept of vector rotation to generate potential estimates of the 

currents, speed is estimated by one of the available model reference adaptive system (MRAS) based formulations. The 

objective of the controller was to control the current that supply into the induction motor. The proposed method is 

extensively simulated in simulated in MATLAB/SIMULINK. 
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1. INTRODUCTION 

Induction motor (IM) drives are extensively used 

in industry due to their cost effectiveness, ruggedness and 

low maintenance requirements. Field-oriented-controlled 

or vector controlled drive has become an industry standard 

for high performance applications. Speed, current, and/or 

voltage sensors are usually required in vector controlled 

drives. Rotor speed information is necessary for speed-

controlled system. The fast current controller operates in 

the inner current loop and a slower speed controller stays 

in the outer speed loop to generate the corresponding 

reference currents for the current controllers. Efforts are 

put to reduce the number of sensors by signal 

estimation/processing. The source of failure may bedue to 

the machine (such as stator interturn faults, broken bar in 

the rotor, etc.), converter (i.e., failure of the switching 

devices), or maloperation of sensors. In vector-controlled 

drives, speed and current (and/or voltage) sensors are 

usually required. The maloperation of current and speed 

sensors (due tonoise, dc-offset and open circuit, etc.) is not 

uncommon in the industrial environment, and any 

industrial drive system needsto be prepared to take care of 

such contingencies. Therefore, sensor fault-tolerant control 

is an extremely important area of investigation for IM 

drives. Fault-tolerant control in IM has opted for one of 

the two approaches. In the first approach, when a fault is 

detected, the system switches to an alternative form of 

controller (typically from a closed-loop to open-loop 

control), whereas in the second technique, the loop is 

closed by the corresponding signal fromthe 

estimator/observer. A thorough definition of relevant 

terminology has been given the following: 

1) Fault: unpermitted deviation of at least one 

characteristic property or parameter of a system from its 

acceptable/ usual/standard condition; 

2) Residual: fault indicator, based on deviation 

between measurements and model-equation-based 

computations; 

3) Fault detection: determination of faults 

present in a system and time of detection; 

4) Fault isolation: determination of type, 

location, and time of detection of a fault; follows fault 

detection. This definition should be amended with the 

term; 

5) Reconfiguration: rearrangement of the control 

structure of a system that enables continued operation in 

spite of a fault. 

If a fault is detected, the current signals from the 

current sensors are ignored and are replaced by estimated 

current signals computed using the parameters of the 

machine. The proposed technique demands more design 

efforts and is computationally intensive, which makes 

their real-time implementation difficult. Fault-tolerant 

drive for multiple sensor failure is also proposed. 

However, this is at the cost of an additional sensor at the 

dc link. In, a programmable logic controller (PLC) based 

protection and monitoring method for three-phase 

IM is present.  

Now a day the controllers that had been widely 

used to overcome this problem are from adaptive and 

passive controller such as Field Oriented Control (FOC), 

Direct Torque Control (DTC), Proportional Integral 

Derivatives (PID), Fuzzy, Neural Network, Sliding Mode 

Control (SMC), and Hysteresis. The current regulation has 

played important role in current controlled pulse-width-

modulated (PWM) inverter which widely applied in high 

performance AC drives. Beside that there were several 

parameters that must be considered, such as the current 

control technique to the induction motor. For this case the 

Hysteresis Current Control Technique was being used. 

This project proposed a new fault detection 

technique to make the IM drive fault tolerant against 

current and speed sensor failures. The compensation for 

current and speed needs a method of estimation. A new 

concept of vector rotation to identify the faulty current 

sensor is introduced. A logic-based detection mechanism 

in the α–β reference frame is proposed to make the drive 

fault tolerant against current sensor failures. The speed 

estimation is carried out by modifying a recently proposed 

model reference adaptive system (MRAS)-based 

technique. 

2. PROPOSED SPEED ESTIMATION ALGORITHM 

The speed is estimated using the concept of 

MRAS, where a reference and an adjustable model 
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compute a certain system variable (in literature this is 

known as functional candidate). The system variable 

computed by the reference model does not depend on the 

quantity to be estimated, whereas the adjustable model 

depends directly or indirectly on the estimated quantity. 

 

 
 

Figure-1. Block diagram. 

 

 
 

Figure-2. Structure of speed estimation. 

 

Like P and Q, here a fictitious (i.e., has no 

physical existence) quantity, termed asX(X = _v∗s×_is) is 

considered as the functional candidate. The quantity X in 

reference model (Xr) is computed using the reference 

values of voltages and currents. The same value of X in 

adjustable model (Xa) is computed with the help of 

reference values of voltages and actual currents. The 

actual values of d- and q-axis currents are obtained by 

transforming two-phase currents (i.e., isα and ˆisβ) with 

the help of vector rotator (which, in turn, depends on 

speed). The signal ˆisβ is obtained from the current 

estimation algorithm. The structure of the speed estimation 

algorithm is shown in Figure-2. The reference model 

computes Xr using the controller generated command 

signals and hence does not require the information of rotor 

speed. On the contrary, (3) shows that the expression of 

Xa involves rotor speed, as ρmr is computed using (4). 

 

 

 

Xr = v*sq i*sd + v*sd i*sq                                               (1) 

 

Xa = v*sq isd + v*sd isq                                                  (2) 

 

or, 

 

Xa = v*sq isα e−jρm r + v*sdisβ e−jρmr                        (3) 

 

ρmr = ωedt                                                                      (4) 

 

where  

 

 ωe = ˆωr + ωsl . 
 

Model Reference Adaptive System (MRAS) is 

one of the famous speed observers usually used for 

sensorless induction motor drives. It is one of many 

promising techniques employed in adaptive control. 

Among various types of adaptive system configuration, 

MRAS is important since it leads to relatively easy-to-

implement systems with high speed of adaptation for a 

wide range of applications. One of the most noted 

advantages of this type of adaptive system is its high speed 

of adaptation. 
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Figure-3. MRAS structure for speed estimation. 

 

This is due to the fact that a measurement of the 

difference between the outputs of the reference model and 

adjustable model is obtained directly by the comparison of 

the states (or outputs) of the reference model with those of 

the adjustable system. The block ‘‘reference model’’ 
represents demanded dynamics of actual control loop. The 

block ‘‘adjustable model’’ has the same structure as the 

reference one, but with adjustable parameters instead of 

the unknown ones. The MRAS speed estimation structure 

consists basically of a reference model, adjustable model 

and an adaptive mechanism. The reference model, which 

is independent of the rotor speed, calculates the state 

variable, x, from the terminal voltage and current. The 

adjustable model, which is dependent on the rotor speed, 

estimates the state variable, xˆ. The error ε between 

calculated and estimated state variables is then used to 

drive an adaptation mechanism which generates the 

estimated speed, ˆωr, for the adjustable model. The main 

advantages of MRAS algorithms are they robustness, fast 

convergence and small computation time. Selection of 

adaptive mechanism gains is a compromise between 

achieving fast response and high robustness against noise 

and disturbances affecting the system. 

 

2. CURRENT ESTIMATION 

This section deals with the estimation of current 

and also the fault detection. That the transformations from 

three phase to two-phase quantities require the individual 

orientation of the axes with respect to each other. 

Following the standard procedure, first, it is assumed that 

the a-phase (of the three phase system) and α-phase (of the 

two-phase system) are along the same axes (see Figure-4). 

The corresponding relation between a–b and α–β variables 

is shown by (4). A close inspection of reveals that, if a-

phase sensor is defective, then both α- and β-phase 

measurements will be wrong. However, if the b-phase 

sensor is defective, the corresponding current of the α-

phase will remain correct, while the current in the β-phase 

will be wrong.  

 

 
 

Figure-4. Axes transformation showing α phase 

along a phase. 

 

 
 

 
 

Figure-5. Axes transformation showing α phase along 

b phase. 

 

On the other hand, a unique feature is extracted if 

the α–βphase are rotated by 120◦. This is shown in Figure-

5. The corresponding relation for the conversion of three-

phase to two phase current is shown in (5). 

 

 
 

Est 

 

 
 

Figure-6. Estimation of current when α phase along 

a phase. 
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Using the actual measurement of a- and b- phase 

currents and the corresponding reference-magnitude of the 

same in the (d, q) rotating reference frame, eight estimates 

of currents in the α–β reference frame are thus possible. 

These are isα, isβ,i_sα, i_sβ, isα_est, isβ_est, i_sα_est, and 

i_sβ_est, where isα,isβ, isα_est, are isβ_est are the 

corresponding variables whenα-phase is along a-phase and 

i_sα, i_sβ, i_sα_est, and i_sβ_est arethe corresponding 

variables when α-phase is along b-phase. 

 

 
 

Figure-7. Estimation of current when α phase 

along b phase. 

 

3. HYSTERESIS CONTROLLER 

 

A. Concept of hysteresis control 

Hysteresis control (also called "bang-bang" or 

"tolerance band" control) utilizes a defined upper and 

lower limit based on a reference waveform. The load 

current is monitored and maintained within certain limits 

of that reference waveform. 

 

a) The hysteresis band 

The hysteresis band defines an acceptable error in 

the load current based around a reference ac waveform, 

iref . By simply applying a positive and negative dc offset, 

Ihto iref, the hysteresis band ,∆h  is established. More 

precisely, ∆h  difference between the 

upper and lower boundaries, 

 

 

 

A hysteresis control circuit monitors the load 

current and appropriately switches the transistors to ensure 

the load current remains within the hysteresis band. In the 

control circuit, iref is represented as a voltage proportional 

to the desired output current, out i out, with a conversion 

factor of 1 A/V. (In fact, all currents are converted to 

voltage signals at1 A/V for ease of use by the control 

circuit.) Figure-8 shows a 2-Apeak, 60-Hz wave form, i 

ref, with 0.2 A (∆h  0.4 A). 

 

 
 

Figure-8. Hysteresis band. 

 

The hysteresis band in above Figure appears 

wider at the upper and lower peaks than at the zero 

crossing; however, the band is measured vertically at a 

specific time instant and is a constant 0.4 A throughout the 

cycle. 

The circuitry required to define the hysteresis 

band uses summing and difference amplifiers, as shown in 

Figure-9.  

 

 
 

Figure-9. Hysteresis control circuit. 

 

b) Feedback 

Measurement of the load current is accomplished 

via a Hall effect device, which provides electrical isolation 

between the load current and control electronics. A Hall 

effect device senses the load current and produces its own 

output current proportional to the load current. The current 

from the Hall effect sensor is passed through a measuring 

(burdening) resistor to produce a voltage that corresponds 

to the measured current. Thus, by appropriate choice of the 

measuring resistor, the feedback signal can be scaled 

making it possible to monitor and control a very large load 

current with a small feedback signal, iout. As shown in 

Figure-9, i out is fed into a pair of comparators to 

determine whether or not it has reached one of the 

boundaries of the hysteresis band. When i outreaches a 

boundary, the comparators force the RS flip-flop to change 

state and switch the transistors" on" or "off" as 

appropriate. 
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c) Gating signals 

Gating a transistor means turning it "on" and 

should not be confused with the digital logic term "gate", 

as in "nor gate". The RS flip-flop provides the gating 

signals for the transistors. Figure 9 neither shows the RS 

flip-flop implemented with two “nor” gates and contains 

the function table for an RS flip-flop. Even though the flip-

flop has the indeterminate state R S 

impossible; the only way that R S  occur is if 

the measured feedback signal, i out is both above and 

below the hysteresis band at the same instant in time. 

Should the flip-flop, for some reason, be in the 

indeterminate state at start-up, the control circuitry will 

immediately force it to exit that state and go to one of the 

other three states. The output of the flip-flop is used to 

gate the transistors; Q gates the upper and Qbar gates the 

lower. 

 

5. SIMULATION RESULTS 

This section deals with the simulation results of 

proposed system. The proposed fault detection system is 

experimentally validated with the matlab/ simulink 

 

 
Time, s͢͢͢͢  

 

Figure-10. Voltage waveform. 

 

 
Time, s͢͢͢͢  

 

Figure-11. Current waveforms. 

 

 
Time, s͢͢͢͢  

 

Figure-12. Stator a phase current. 

 

 
Time, s͢͢͢͢  

 

Figure-13. Stator b phase current. 

 

6. CONCLUSIONS 

A new technique for fault detection in vector 

controlled Induction motor is presented in this project. 

New techniques to estimate speed and current are utilized 

for the implementation. While the current estimation is 

based on the reference currents in synchronously rotating 

reference frame and the vector rotator, the speed 

estimation exploits a different form of X-MRAS, Both the 

techniques to not involve stator resistance. Hence the 

proposed controller works very well at low speed. The 

proposed concept is extensively simulated in 

MATLAB/Simulink. 

 

 
Time, s͢͢͢͢  

 

Figure-14. Stator c phase current. 

 

 
Time, s͢͢͢͢  

 

Figure-15. Rotor speed. 
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Time, s͢͢͢͢  

 

Figure-16. Torque. 

 

List of symbols 

 

Vsα, VSβ 
α and β components of the stator 

voltage vector. 

isα, iSβ 
α and β phase currents when α-phase is 

along a- phase. 

i
l
sα, i

l
sβ 

α and β phase currents when α-phase is 

along b- phase. 

isα_est, iSβ_est 

Estimated value of α and β phase 
currents when α-phase is along b- 

phase. 

i
l
sα_est, i

l
sβ_est 

Estimated value of α and β phase 
currents when α-phase is along b- 

phase. 

i*sα,  i*sαβ 
Reference value of d- and q-axes 

currents. 

ωr
*,ωr,ωrest 

Reference, actual,and estimated rotor 

speed. 

ωsl Slip speed. 

Rs Stator resistance. 

LS, Lr 
Self inductance at the stator and the 

rotor side. 

Lm Magnetizing inductance. 

ia,ib a and b- phase currents. 

ρms Rotor flux angle with the α-phase. 
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