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Current Sensors Fault Detection and Tolerant Control Strategy for Three-Phase Induction Motor 

Drives 

Abstract 

 In the case of failure of one or more components of a drive system, the emergency shutdown of the system is not always 

the best way to act. Therefore, simultaneous reconfiguration of the drive control strategy is mandatory to enable an 

uninterrupted operation to cater for the catastrophic failure. In this context, this paper presents a current sensors fault-tolerant 

control method for induction motor drives, based on vector control and currents estimation. Several important issues are 

considered in the proposed method, namely, the detection of sensors failure, isolation of the faulty sensors, and reconfiguration 

of the control system by proper currents estimation. A new adaptation of the Luenberger observer is proposed and used to 

perform the task of stator currents estimation. Furthermore, a developed logic circuit is used to detect the faulty current sensors 

and isolate them with simultaneous generation of logic impulses allowing switching to a proper estimation. The proposed fault-

tolerant control strategy is firstly tested in MATLAB/Simulink environment in order to illustrate its high-performance. Then, 

several experimental tests are carried out on a 1.1 kW three-phase induction motor to validate the theoretical results and to 

confirm the effectiveness of the proposed algorithm. 

 

Keywords: Fault-tolerant control; fault detection; current sensor; current estimation; induction motor; vector control. 

1. Introduction 

The Induction Motor (IM) is the most widely used 

machine for several demanding applications in industry due 

to its good performance, simple construction, reduced size, 

excellent reliability, a wide range of operating speeds, and 

especially due to its low-cost. The concept of vector control 

introduced by Blaschke [1] and the development of power 

electronic semiconductors were the key factors to this 

widespread use of induction motors and the revolution of 

Variable Speed Drives (VSDs) [2]. It is well known that 

natural independence between flux creation and torque 

production is clearly the fundamental property of a separate 

excitation DC machine. Thus, the aim of Field Oriented 

Control (FOC) of induction motors is to reproduce the 

quadrature between current components and flux vectors, 

which gives high-performance drive applications and makes 

FOC as an industry standard. 

Usually, a variable speed drive includes two major 

circuits: power converter circuit and control unit; these latter 

includes sensors, regulators, and control algorithms. It is 

estimated that faults in the control unit are responsible for 

more than 53% of breakdowns in adjustable speed drives 

[3–5] (Fig. 1). 

Generally, a variable speed induction motor drive needs 

feedback information from a speed/position transducer, two 

or three current sensors, and a DC-link voltage sensor at 

least [6, 7]. Unfortunately, current sensors are very prone to 

failures such as connection problems [8], noise, offset, and 

positive or negative gain, caused by defects in the core of 

the sensor (corrosion, cracks, residual magnetic fields and 

core breakage), changes in the magnetic characteristics of 

the ferrite core due to temperature variations, changes in the 

orientation of the magnetic field induced in the sensor (due 

to mechanical shocks or other reasons) [9], operating 

environment, etc. All these defects can lead to catastrophic 

drive failures or significant performance degradation. In this 

context and for many industrial critical applications such as, 

high-power wind energy production systems [10, 11], 

aerospace applications [12, 13], electrical vehicles, and 

traction drives [14, 15], the reliability, service continuity, 

and safety of electrical drive systems are basic necessity. 

Therefore, it is important to detect and isolate any kind of 

fault at the time of their occurrence. This should be 

performed by developing integrated Fault Detection and 

Isolation (FDI) algorithms, and employ sensor Fault-

Tolerant Control (FTC) methods to avoid unexpected 

shutdowns and maintain a minimum level of performance.   

Recently, considerable attention has been paid to fault-

tolerant control techniques, which became a very active and 

attractive research field. In the literature, one can find two 

types of FTC: active and passive FTC. The first one reacts 

to system component failures in an "active" manner, by 

reconfiguration within the same system of control through 

Fault Detection, Isolation and Reconfiguration (FDIR) 

mechanisms, in order to provide the appropriate fault-

tolerant signal [16, 17], maintain the stability and acceptable 

performance of the entire system. The second one is the 

passive FTC; this type of controller is designed to be robust 

against failures and uncertainties. Therefore, when a failure 

occurs, the controller should be able to maintain the system 

stability with acceptable performance degradation [18]. 

Contrary to active FTC, passive FTC does not require FDIR 

circuits [19]. Besides, passive FTC techniques are not 

commonly used for sensors fault tolerance, but they are 

widely used for intern-turn short circuits fault tolerance [20, 

21] and open circuit phase fault [22–24]. 

Several studies have been published in recent years 

documenting active FTC methods for VSDs to solve the 

problems caused by sensor failures. One of the first 

examples of FTC for electrical drives was presented in [6], 

where the authors have proposed an FDI method based on 

redundancies in a temporal window using the parity space 

approach. The study reported in [25] suggests a sensor’s 

FDIR mechanism for IM drives based on extended Kalman 

filter and a reduced number of adaptive observers to keep a 

continuous system operation even with speed, DC-link 

voltage, and current sensor failures. In [26], an FTC 

technique against failures in speed sensor and current 

sensors for IM drives is proposed, which is implemented 

through three adaptive observers with different inputs, three 

current sensors, and dc-link voltage sensor. However, this 



method is not suitable to achieve an efficient FTC in case of 

failures in two or three sensors, where it can operate in 

speed sensorless mode in the case of speed sensor failure or 

with speed sensor, two current sensors, and dc-link voltage 

sensor in the case of one of the current sensors is faulty. 

This method has been improved by the same author, where 

in [27] only two current sensors have been employed 

contrary to [26]. Moreover, the improvements in [27] make 

this method able to operate with a single current sensor in 

addition to the dc-link voltage sensor, but the number of the 

used adaptive observers is still three. Another FDIR 

mechanism for current sensors faults in permanent magnet 

synchronous motor drives is described in [28], in which 

stator currents are recovered using two adaptive observers 

and where the faulty sensor is detected through a builtin 

logic algorithm.  In [10], a current sensor FTC for a wind 

energy conversion system with a doubly-fed induction 

generator is presented. This technique is based on a 

predictive model to reconstruct the stator currents, where the 

FDIR mechanism contains four parts: residual generation, 

fault detection, fault memorization, and fault identification. 

However, all these parts make the implementation very 

difficult. A fault-tolerant operation of induction motor 

drives with an automatic controller reconfiguration is 

described in [29]. Four different controllers are used in this 

method: Indirect Rotor Field Oriented Control (IRFOC) to 

overcome faults caused by the voltage sensor, speed 

sensorless vector control to compensate for interruptions 

coming from the speed sensor breakdown, scalar current 

magnitude control to overcom failures provoked by 

abnormal functioning of current sensors, and open-loop 

control in case where no sensor is operating correctly. A 

smooth FTC of IM drives with sensor failures is presented 

in [30, 31]. Comparing to the method mentioned previously, 

the authors have successfully reduced the number of 

controllers from four to three, using direct torque control, 

IRFOC, and volt/hertz (V/f) control. The proposed FTC in 

[32] includes two standard controllers (vector control with 

V/f control) and a bank of observers. If a failure occurs in 

one current sensor, the vector control is maintained by 

replacing faulty data with the estimated ones obtained from 

the observer bank. In case of failure of two current sensors, 

the V/f strategy is selected to ensure that the IM drive 

operates within the limits, keeping a minimum of 

performance. The method of multi-controllers is adopted 

also in [14, 15, 33, 34] but the major drawback of this 

method, as mentioned in [34], is that some of these 

techniques are experimentally difficult to implement. In 

[35], a stator current sensor FDI strategy for direct field-

oriented control of an IM drive is proposed. The influence of 

stator current sensor faults on the control system 

performance is investigated. Indeed, a logic-based circuit is 

designed to identify the faulty sensor and replace it by an 

appropriate stator current, calculated starting from algebraic 

relations and other healthy currents. Nevertheless, this 

approach is not practical when successive faults appear in 

the different sensors. The same method is presented in [36] 

but with an FDI mechanism based on the artificial neural 

network approach. Recently, an interesting approach for this 

issue has been presented in [37, 38]. The current sensors 

FTC scheme for a direct torque controlled induction motor 

has been discussed, the detection of the faulty sensor is 

completed by a third-difference operator applied to each 

phase of the IM [39], while a flux-linkage observer performs 

the task of stator currents estimation. Moreover, the 

isolation and reconfiguration of the control system are 

accomplished by a logic circuit. In [40], the same authors 

develop the same idea with a different controller. However, 

obtaining high-performance current fault detection by the 

third-difference operator requires special attention to the 

threshold value when the low-pass filter cut-off frequency is 

lower than half of the sampling frequency [40].  

In the literature of AC drives without current sensors, a 

speed control technique with a single dc-link current sensor 

for a Permanent Magnet Synchronous Motor (PMSM) used 

to drive the air-conditioning compressor of an electric 

vehicle is proposed in [41, 42]. However, this method 

cannot be achieved with a standard Pulse Width Modulation 

(PWM), due to the fact of the active voltage shorter duration 

time, which needs an adjusted PWM. This method is used 

also for permanent magnet AC servo systems associated 

with a sliding mode observer for rotor position estimation 

[43]. Another single current sensor method for PMSM and 

IM three-phase current reconstruction is described in [44–

47]. This method is realized with a current sensor and a 

shunt resistor in the dc-link of the VSI. 

The present paper includes several important features 

that are distinct from other already proposed approaches: 

 In the proposed method only one observer is used to 

generate the three-phase stator currents, whilst in the 

presented literature review, most of them use two or 

three observers to estimate the line currents. 

 The proposed method is suitable to achieve fault 

detection, isolation, and reconfiguration when two or 

three current sensors are interrupted successively. Thus, 

the system can operate with the required performance 

without any current sensor. 

 This technique can be adaptively reorganized in the 

event of recovering the faulty sensors. This allows 

maintaining the maximum performance of the control 

system considering the complementary nature of the 

other sensors. 

 Three different sensor failures are considered: complete 

sensor outage, gain drop, and the start-up with offset 

fault that hasn’t been addressed in the literature review, 

in order to validate the estimation and fault detection 

accuracy.  

A table is presented in Appendix C in order to 

summarize the comparison of the suggested technique with 

the other methods in the literature as well as clarifying some 

advantages and disadvantages of each one. 

All the above-mentioned features are extensively tested 

in Matlab/Simulink environment and validated on an 

experimental test bench. 

This paper is organized into six sections. Section II 

presents the induction motor model and his vector control. 

Section III analyses the theory and the design of the 

proposed fault-tolerant control against current sensor 

failures. Simulation results are presented in section IV. 

Afterward, section V discusses the experimental results. 

Finally, section VI presents the main conclusions of the 

paper. 



2. Induction motor vector control 

The vector control continues to be the main drive 

strategy used in industrial applications due to its simplicity 

and fast response to the changes in operating conditions. 

Indeed, the Indirect Rotor Field Oriented Control (IRFOC) 

strategy has been extensively used in several suggested 

current sensors FTC schemes because it involves a 

minimum of calculations, and requires fewer PI controllers. 

In addition to its simplicity of implementation, IRFOC-

based drives can be adjusted easily. The basic scheme of 

IRFOC for IM drives is presented in Fig. 2, in which three 

current sensors (in phase-a, phase-b, and phase-c), a speed 

incremental encoder, and a voltage sensor in the DC-link are 

used. 

2.1. Induction motor model  

Among the various models used to represent the 

induction motor, the one that will be exploited in this paper 

uses a reference frame       linked to the rotating field, and 

takes the stator currents, the rotor fluxes, and the rotational 

speed as state variables. This model is expressed by the 

following system of equations, using the voltages as control 

variables: 
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2.2. Indirect rotor field oriented control  

The IRFOC of induction motors aims at making the 

control of flux and torque similar to the one of the separately 

excited DC motor, where these parameters are controlled 

independently. In this case, the oriented rotor flux implies 

the following conditions: 
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      (8) 

From       ,       ,       , and       , the flux and the 

torque expressions become: 
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The electromagnetic torque depends only on one single 

current, which is the quadrature stator current    . Like in 

DC motors, two independent action variables (   ,     ) are 

obtained, the first one for adjusting the flux, and the second 

one for adjusting the torque. So, from        it is obtained: 
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From the integral of         it results the angle    which 

will be used in all transformations. 

         (12) 

3. Current sensors fault-tolerant control 

The main steps to follow when a fault occurs is to trigger 

an emergency alarm, then, to identify which fault has been 

detected, and finally to decide how to deal with it. The basis 

of a fault-tolerant control is detecting a fault, identifying its 

location, taking appropriate actions to isolate the faulty 

material, and reconfiguring the system. Fig. 3 describes the 

most important stages of the proposed current sensors FDIR 

scheme of IM drives. 

3.1. Stator currents estimation 

In order to design a high-performance current estimator, 

with a good compromise between stability and simplicity of 

the observer, a model of the machine drive is defined in 

      reference frame can be explained with the following 

state equations: 
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The general theory of an adaptive observer (       ) is 

based on a deterministic model of the system, and an 



adaptive mechanism for the estimated variables, through a 

gain matrix that ensures the system stability [48, 49]. 

However, in this work, the proposed idea for stator currents 

estimation with the Luenberger observer theory is based on 

the conservation of the state model (       ) of the IM 

with the gain matrix  , which has been determined by the 

classical pole placement procedure described in [50]. 
Nevertheless, it is necessary to replace the adaptive 

mechanism by the measured rotational speed, as well as to 

feed the observer with the stator voltages provided by the 

voltage synthesizer. This gives the stator currents 

estimation, as illustrated in Fig. 4. 

The adaptive current observer equations are expressed in 

       where the symbol “^” denotes the estimated values: 
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where: 

                           
 
  

               
 
  

                       
 
  

Since there are no information about the measured currents, 

the vector   becomes: 

                
 
 

The gain matrix   is defined as follows: 

   
        

          
 
 

 

where: 

         
 

   
 

 

   
  

             

           
 

   
 

 

   
 
    

  
 
 

  
  

 
    

  
 
 

   
 

 

   
       

          
    

  
   

with   as a positive gain. 

3.2. Fault detection, isolation and reconfiguration 

In the proposed fault-tolerant control method against 

current sensors failure, measuring of the line currents   ,   , 

and    is performed by three Hall effect current sensors 

(sensor-a, sensor-b, and sensor-c) placed in the 

corresponding phases a, b, and c. However, the estimation is 

carried out by the proposed stator currents estimator 

previously presented in Fig. 4. 

The logic circuit presented in Fig. 5(a) is intended to 

ensure the Fault Detection (FD), by analyzing the residual 

signal between measured and estimated quantities. A Low 

Pass Filter (LPF) is used in order to extract the useful signal, 

which will be compared to a threshold           that is 

empirically determined by assuming a threshold of 20% of 

IM rated stator current. The different test scenarios 

presented in Appendix B (low, rated and high speed, and 

load variation), show that the maximum error between the 

estimated currents and the measured currents is lower than 

0.40 A, for this reason, a threshold of 0.45 A has been 

chosen for this application, which correspond to 17% of the 

rated current of the IM. 

At every sampling instant, the FD logic circuit generates 

three impulses Ea, Eb, and Ec as follows: 

    
                              
                               

            with:         

These three impulses (  ,   , and   ) are passed into an 

algorithm that allows generating an index Z (Fig. 6). 

Depending on the sensor states, this index can takes integer 

values from 0 to 7. The different possible combinations of 

sensor states are summarized in Table I.  According to Z 

values in Fig. 6, a multi-port switch is used to select the 

proper current components to replace the missing sensor's 

information (see Fig. 5(b)). It is clear that in the case of only 

one faulty current sensor, the missing current data will be 

replaced by the measurements from the two other healthy 

sensors by applying Kirchhoff’s currents law to the neutral 

node, as follows: 

                          (16) 

Table 1. Phase sensors fault determination with proper selection of 

corrected value of a, b, and c currents 

Phase-

a 

sensor 

Phase-b 

sensor 

Phase-c 

sensor Z Proper selected currents 

Faulty Healthy Healthy 1 -(Ib mes+Ic  mes), Ib mes  and Ic mes 

Healthy Faulty Healthy 2 Ia mes, -(Ia mes+Ic  mes) and Ic mes 

Healthy Healthy Faulty 3 Ia mes, Ib mes and -(Ia mes+Ib  mes) 

Faulty Faulty Healthy 4 Ia est, Ib est and Ic mes 

Faulty Healthy Faulty 5 Ia est, Ib mes and Ic est 

Healthy Faulty Faulty 6 Ia mes, Ib est and Ic est 

Faulty Faulty Faulty 7 Ia est, Ib est and Ic est 

Healthy Healthy Healthy 0 Ia mes, Ib mes and Ic mes 

The scheme of the proposed fault-tolerant control against 

current sensors failure is presented in Fig. 7. The suggested 

technique uses only one observer in order to reconstruct the 

three line currents (a, b, and c). This estimator is fed by the 

electrical angular speed and the three-phase stator voltages. 

A voltage vector synthesizer constructs the three-phase 

stator voltages from the dc-link voltage sensor, using the 

switching signals   ,   , and    obtained via three 

hysteresis controllers. 

4. Simulation results 

The behavior of the proposed fault-tolerant control is 

verified under MATLAB/Simulink environment, using the 

motor parameters presented in Table A.1 of Appendix A. 

Simulation results are presented in the next sub-sections, 

where a variety of tests are performed, such as low speed 

and variable speed with rated load, and high speed with 

variable load torque. 

4.1. Successive sensor gain faults in sensor-b and sensor-

c while sensor-a remains healthy 

To simplify the manipulation of the sensor gain fault in 

both simulation and experimental tests, a 

MATLAB/Simulink block has been introduced to change 



the gain of the current sensors. Fig. 8 displays the block 

diagram used to trigger the gain fault in the current sensors. 

The simulation results presented in Fig. 9 show the 

effectiveness of the suggested FTC method against gain 

faults in two current sensors. The system was firstly started 

in a healthy state and at     , a gain fault was introduced 

in the current sensor-b. Soon after the fault occurrence, the 

  index generated by the FD algorithm takes the value of 2 

(Fig. 9(e)), which indicates that sensor-b provides faulty 

measurements, as depicted in Fig. 9(b). Quickly, and using 

the multi-port switch, these erroneous measurements are 

replaced by proper current components                  . 
Successively, another gain fault was introduced in the 

sensor-c at     . The   index changes rapidly to 6 (Fig. 

9(e)), which means that sensor-b and sensor-c provide 

improper measurements, as shown in Fig. 9(b) and (c). A 

quick decision is taken by the FDIR mechanism replacing 

the faulty sensors by a proper estimation corresponding to 

    (Table I). Consequently, the high-performance speed 

tracking, even under sensor faulty conditions, can be clearly 

observed from measured and reference speeds plotted in Fig. 

9(d). Moreover, Fig. 9(f) shows the electromagnetic torque 

which is kept steady even under the sensors’ fault 

occurrence. Fig. 9(g) confirms also the decoupling between 

the direct and quadrature axes. 

4.2. Complete outage of the three current sensors in 

succession  

The simulation results obtained from applying the 

proposed FTC algorithm against the successive occurrence 

of total failures in sensors c, a, and b are depicted in Fig. 10. 

The simulation scenario can be described as follows:  firstly, 

the system is started in healthy operating conditions until 

    , when a fault in the sensor-c is suddenly introduced. 

The FD algorithm reacts quickly by generating an index   

equal to 3, warning that sensor-c has totally failed. This 

gives an order to the multi-port switch to replace the missed 

information of sensor-c by proper calculation        

                  from the other two healthy sensors 

(Table I), thus avoiding an interrupted operation of the 

system. In order to increase the fault severity, a second total 

fault is introduced in the sensor-a at     . Successively, 

and just after one second, the third current sensor fails. 

Obviously, Fig. 10(e) shows clearly the reaction of the 

proposed FD algorithm by modifying the   index value 

according to the actual operating situation. Indeed, at   
  , the   value changes from 3 to 5, thus warning that 

sensor-a and sensor-c are both under failure. Automatically, 

the multi-port switch chooses the input corresponding to 

    in order to replace the failed sensors with proper 

estimated currents        and       . At     , the   index 

value rises to 7 (Fig. 10(e)) demonstrating a total failure in 

the three-phase current sensors. Even under this high fault 

severity, the proposed FDIR mechanism maintains the speed 

tracking performance by replacing the faulty current 

measurements with those estimated (Fig. 10(d)). 

4.3. Start-up with offset fault in the three current 

sensors  

This test was performed in order to evaluate the response 

of the proposed method versus a start-up with failures in the 

current sensors, as well as to test the reaction of this 

algorithm during the recovery of the sensors. At boot time, 

the fault indicator is    , which confirms that the three-

phase current sensors are in the faulty state. Under these 

conditions, estimated currents are used from the beginning 

to ensure a successful start-up operating system. The actual 

and estimated stator currents are presented in Fig. 11(a), 

11(b) and 11(c). As can be clearly seen, the offset in sensor-

a is removed after 2 s, recovering the healthy state of the 

sensor-a. As shown in Fig. 11(e), the proposed FD 

algorithm responds instantaneously and modifies the fault 

index to    , confirming the recovery of sensor-a on one 

side, and signaling, on the other side, that sensor-b and 

sensor-c are still in faulty state. Subsequently, the offset in 

sensor-b and in sensor-c are successively removed at 

       and      (Fig. 11(b) and 11(c)). As expected, the 

proposed FD algorithm reacts to any events that occur 

during the system operation. Indeed, the fault index changes 

to 3 at        and becomes 0 at      (Fig. 11(e)), which 

describes perfectly the real changes introduced on the 

current sensors. According to Fig. 11(d), where speed 

tracking is plotted, it is confirmed that regardless of the 

faults in the current sensors, the proposed FTC scheme has 

the ability to guarantee an uninterrupted drive's operation 

with all required performance. 

4.4. Variable speed with sensor failures 

In order to evaluate and to prove the robustness of the 

proposed fault-tolerant control method and currents 

estimation, a test during variable speed with sensor failures 

and rated load is performed. Different failures are 

introduced in the current sensors (positive gain, negative 

gain, and complete outage of the sensor) such as depicted in 

Figs. 12(a), 12(b), and 12(c), where measured and estimated 

stator currents are plotted, knowing that at time moments 

    ,        and     , sensor-b, sensor-c, and 

sensor-a becomes faulty in succession. Fig. 12(e) shows that 

the fault index values ( ), describes correctly the current 

sensors state conditions. Moreover, Fig. 12(f) shows the 

electromagnetic torque under the sensors' fault occurrence 

and speed variation. Fig. 9(g) confirms also the decoupling 

between the direct and quadrature axes. Looking to Fig. 

12(d), one can see the perfect tracking of the speed reference 

variation from 0 to 41% of the nominal speed, then growing 

up until 97%, after that, going down to 7% and increasing to 

28%. It is clear that this hard scenario didn’t affect the 

effectiveness of the proposed FDIR method and the target 

performances have been successfully obtained. 

4.5. Variable load with sensor failures 

For the same purpose as the previous test, the aim of this 

simulation is to examine the proposed FDIR method during 

sudden load torque variations with a constant speed of 136 

rad/s. The current sensors fail successively as shown in Figs. 

13(a), 13(b) and 13(c), sensor-b at     , sensor-c at 

       and sensor-a at     . Fig. 13(d) shows high-

performance speed tracking during all the tests even under 

faulty current sensors and variable load torque. At each 

moment of fault occurrence, the fault detection algorithm 

indicates the failure occurrence and the faulty sensor, such 

as explained previously in Table 1 and presented in Fig. 

13(e) where the fault indicator is plotted. Fig. 13(f) presents 

the variation of the load torque   
  and the electromagnetic 

torque    , starting from       growing up to       then 



to      , decreasing to        . The decoupling between 

the direct and quadrature axes is conserved, which can be 

concluded from Fig. 13(g), where direct and quadrature 

stator currents are plotted. Like the previous test, this 

scenario didn’t affect the suggested method.   

5. Experimental results 

The effectiveness of the proposed FTC scheme against 

current sensors failure for an IRFOC based IM drive is 

validated using the experimental test bench shown in Fig. 

14. The experimental setup is composed of a        4-poles 

three-phase IM whose parameters are the same used in the 

simulation model (see Appendix A), a dSpace 1104 card, an 

autotransformer, an incremental encoder, a DC-voltage 

sensor, three Hall effect current sensors, a power electronics 

Semikron module (consisting of a rectifier and an IGBT 

inverter) and a powder brake. The proposed FTC scheme is 

implemented in real-time using the control desk software 

plugged in the computer.  

5.1. Successive sensor gain faults in sensor-b and sensor-

c. Sensor-a remains healthy 

Fig. 15 presents the experimental results recorded under 

gain faults occurrence in sensor-b and sensor-c. In this case, 

sensor-a is kept healthy, but sensor-b and sensor-c are made 

faulty at        and       , successively, by 

introducing a gain fault, as presented in Figs. 15(a), 15(b), 

and 15(c), respectively. Fig. 15(d) plots uninterrupted speed 

tracking performance under this adverse scenario. All these 

events are detected and identified by the proposed FD 

algorithm, as depicted in Fig. 15(e). Indeed, the fault index 

which was equal to 0 at the beginning of the system 

operation becomes 2 at        and then, rises to 6 at 

      . The   index values trigger the multi-port switch to 

replace the wrong measurements by the proper estimated 

currents. Fig. 15(f) displays uninterrupted fullfilment of load 

torque requirements under these conditions. Direct and 

quadrature stator currents are shown in Fig. 15(g), from 

which it can be seen that the concept of IRFOC is 

maintained. 

5.2. Complete outage of the three current sensors in 

succession  

For these experimental tests (Fig. 16), the IM drive 

system was started first, with healthy current sensors, which 

correspond to a fault index equal to 0. From      , total 

failure is introduced in the sensor-c leading to a sudden 

interruption in the measurements of phase-c current. 

Instantaneously, the fault index becomes 3, thus giving the 

order to replace the faulty sensor-c by a proper calculation. 

After that, the severity of this abnormal operating condition 

is increased by introducing total failures in sensor-a and 

sensor-b at        and        , successively. Fig. 16(e) 

illustrates the changes that occurred in the fault index     
which rises to 5 and then to 7, identifying exactly the 

damaged current sensors and thus giving the order to replace 

the missing current measurements by the estimated ones 

(see Table I). Moreover, the result depicted in Fig. 16(d) 

confirms that the proposed FDIR mechanism has 

successfully maintained a high-performance speed tracking. 

5.3. Start-up with offset fault in the three current 

sensors  

This test has been conducted in order to verify the 

response and suitability of the suggested FTC scheme, and 

the proposed currents estimator in the case of a start-up 

transient with faulty current sensors, as well as to check the 

behavior of this strategy during sensors healthy state 

recovery. As can be seen from Figs. 17(a), 17(b), and 17(c), 

actual and estimated stator current components are recorded, 

when the start-up of the IM drive is performed with an offset 

failure in the three current sensors. At the power-up of the 

drive system, the fault index is equal to 7 (see Fig. 17(e)), 

confirming erroneous measurements provided by the three 

current sensors. In this adverse case, the multi-port switch 

selects the estimated currents to perform a successful start-

up (see Table I). As shown in Fig. 17(a), the offset in 

sensor-a is removed at     , turning the sensor-a to the 

healthy state. The fault index value changes to 6, confirming 

the recovery of sensor-a on one side, and depicting on the 

other side, that sensor-b and sensor-c are still in the faulty 

state. At     , the offset in sensor-b is eliminated, such as 

depicted in Fig. 17(b). This makes sensor-b in a healthy 

state. Soon after, the fault indicator   becomes 3, which 

means that sensor-a and sensor-b are recovered, but sensor-

c is kept in the faulty state. As can be seen from the 

resulting plot in Fig. 17(c), the offset in sensor-c is removed 

at        . Instantaneously,   becomes 0, judging the 

healthy state of the system. Actual and reference speeds are 

presented in Fig. 17(d) for a speed set of          at      

load torque, which depicts a high-performance FTC 

operating system in such conditions. 

5.4. Variable speed with sensor failures 

Fig. 18 shows the experimental results of the proposed 

method for sensors fault detection and currents estimation 

under variable speed and rated load torque conditions. 

Sudden faults are introduced in the current sensors 

successively at        ,         , and          The 

measured and estimated currents are depicted in  Figs. 18(a), 

18(b) and 18(c). Fig. 18(d) shows the reference speed profile 

and the measured rotor speed in percent of the rated motor 

speed (see Table A.1 of Appendix A). The reference speed 

starts from 0% then growing up to 41%, then to 96.5%, after 

that, the reference speed decreases until 7% and increases to 

27.5%. As can be clearly seen, the speed variation scenario 

under current sensors failure didn’t impact the functioning 

of the FDIR algorithm and currents estimator. At each 

moment of failure occurrence, the FDIR system reported the 

presence of a fault and the faulty sensor (Table 1), such as 

illustrated in Fig. 18(e), in which the fault indicator is 

displayed. Fig. 18(f) indicates the load torque and the 

variation of electromagnetic torques caused by speed 

variation. The direct and quadrature stator currents are 

depicted in Fig.18(g). 

5.5. Variable load with sensor failures 

Fig. 19 illustrates the experimental results recorded 

applying the fault-tolerant control system, in load variation 

condition. Figs. 19(a), 19(b), and 19(c) present the measured 

and estimated stator currents, knowing that the used three 

current sensors fail in succession. The Fig. 19(d) displays 

the speed reference step applied for this test as well as the 

measured rotor speed. The failures introduced in the three 

current sensors are normally detected and the faulty current 

sensors are identified, which is shown in Fig. 19(e), where 



the fault indicator signal is plotted, giving different values of 

  judging sensor failures such as presented previously in 

Table 1. The variation of the load and electromagnetic 

torques    
          are presented in Fig. 19(f). In fact, 

they start from       to        , then to       and 

finally decreases to         . These results prove that the 

control performance stays achieved even with such hard 

scenario (faulty current sensors under load variations).      

6.     Conclusion 

In this paper, a fault-tolerant control strategy for vector 

control of an IM drive against current sensor failures is 

proposed. The IRFOC strategy was used considering its 

simplicity, computation time, presence of a few PI 

controllers, and wide application to different AC electrical 

drives. A new modification of the Luenberger observer is 

proposed to ensure the estimation of the three stator currents 

from the dc-link voltage sensor and the speed encoder. A 

fault detection algorithm with a decision-making logic 

circuit has been applied for each phase, in order to identify 

the faulty sensor. Immediately after the failure of the current 

sensor(s), the FD algorithm generates an impulse fault index 

Z identifying the faulty sensor(s). Based on the Z values, the 

multi-port switch selects the correct current component(s), 

allowing the continuity of the drives and uninterrupted 

operation. The effectiveness, the response, and the high-

performance of the suggested FTC strategy have been 

verified by a simulation model and validated in an 

experimental test bench. Both simulation and experimental 

tests present fast dynamic and good results of the proposed 

FDIR scheme and currents estimator, under current sensors 

failure in succession, even during the start-up transient, with 

variable speed and at variable load torque. Moreover, all the 

tests are performed at low speed with a sudden start-up 

under rated load using the diagnosis method in order to 

approve robustness against false alarms in healthy drive 

operation. As well as, the diagnosis accuracy has been 

validated and verified by analyzing three different faults 

(complete sensor outage, gain drop, and especially the start-

up with offset fault) under different conditions that can 

affect the measured quantities. In addition, the proposed 

currents estimation strategy is simple to use with other 

controllers such as direct torque control and sliding mode 

control. Furthermore, such as shown in simulation and 

experimentation, the proposed FDIR can be adaptively 

reorganized in the event of recovering the faulty sensors. 

This allows maintaining the maximum performance of the 

control system considering the complementary nature of the 

other sensors. In conclusion, it is obvious that the proposed 

FTC (FDIR and currents estimator) can be considered as an 

effective solution in crucial applications where current 

sensors are susceptible to failures. The high-accuracy of the 

stator currents estimation was a very important factor in the 

detection of sensor malfunctions. Therefore, the proposed 

FTC scheme has the ability to keep the system running with 

full performance, even under severe sensor failures 

occurrence. For industrial applications, the proposed method 

is easy to apply and inexpensive, due to its simplicity 

regarding the high-performance that she can ensure. As most 

of the cases, each method has its limits; the method 

proposed in this paper is not standard because its application 

is different from one system to another and sensitive to high 

temperatures given that causes a huge parametric variation. 

Appendix A  

Table A.1    Specifications and parameters of the induction motor used in 

simulation and experimental tests. 

Specifications Parameters 

Nominal power [kW] 1.1 Rs [Ω] 6.75 

Nominal voltage [V] 400 Rr [Ω] 6.21 

Nominal current [A] 2.5 Ls [H] 0.5192 

Frequency [Hz]  50 Lr [H] 0.5192 

Number of pole pairs  2 M [H] 0.4957 

Nominal speed [rpm] 1450 J [Kg.m2] 0.0124 

  f [Nm.s.rad-1] 0.002 

Table A.2    PI regulator values used in simulation and experimental tests. 

Simulation Experimental implementation 

                                     

                

Appendix B 

Threshold determination 

         ;              

MAX      at TR      at CR       

      0,315 0,265            

              0,319 0,271            

      0,323 0,269            

         ;              

MAX      at TR      at CR       

      0,306 0,249            

              0,348 0,257            

      0,361 0,284            

         ;              

MAX      en TR      at CR       

      0,326 0,214            

              0,312 0,234            

      0,334 0,229            

         ;             

MAX      en TR      at CR       

      0.348 0,265            

              0.315 0,2612            

      0.387 0,239            

         ;             

MAX      en TR      at CR       

      0.379 0,281            

              0.366 0,272            

      0.328 0,233            

         ;             

MAX      en TR      at CR       

      0.364 0,251            

              0.337 0,278            

      0.346 0,250            

TR: Transient Regime 

CR: Continuous Regime 

 

 

 

 

 

 



Appendix C  

Comparison between the suggested method and relevant methods over the last ten years. 

 
[26] [28] [27] [51] [30,31] [37,38,40] Suggested method 

Failure succession in 

the different sensors 

Unsuitable 

to detect 

Unsuitable 

to detect 

Suitable 

to detect 

Suitable 

to detect 

Suitable 

to detect 

Suitable to 

detect 
Suitable to detect 

Number of current 

estimators 
3 3 3 0 0 1 1 

Number of used 

current sensors 
2 1 1 0 0 0 0 

Number of controllers 1 1 1 4 3 1 1 

Considered sensor 

faults  

Complete 

outage 

Complete 

outage and 

gain fault 

Complet

e outage 

and gain 

fault 

Complet

e outage 

and gain 

fault 

Complet

e outage 

and gain 

fault 

Complete 

outage and 

gain fault 

Complete outage, 

gain fault, and 

offset 

Sensitive to parametric 

variation  
Sensitive Sensitive Sensitive Sensitive Sensitive Sensitive 

Insensitive except 

in high 

temperature 

operation 

 

Nomenclature 
 

Vdc DC-link voltage 

Vs Three phases stator voltages 

   ,    ,            axis stator currents 

     ,           axis stator voltages  

    ,           axis stator currents  

    ,            axis rotor fluxes  

      Stator and rotor time constantes 

     ,           axis stator voltages  

     ,           axis stator currents  

                axis estimated stator currents  

     ,           axis rotor fluxes 

                axis estimated rotor fluxes 

   Rotor flux magnitude 

   Synchronous speed 

   Rotor angular speed 

   Electrical angular speed 

   Mechanical speed 

   ,    Electromagnetic and load torques  
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Figures 

 
Fig. 1  Failure distribution in adjustable speed drives. 
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Fig. 2 Basic indirect rotor field oriented control scheme. 

 

 
Fig. 3 Main steps to achieve the proposed fault-tolerant control method. 

 
Fig. 4 Proposed stator currents estimator. 

 

 
Fig. 5 Current sensors fault detection, isolation and reconfiguration 

mechanism: (a) Fault detection logic circuit, (b) multi-port switch for proper 

reconfiguration of a, b, and c current components. 

 
Fig. 6 Flow-chart of faulty sensors determination algorithm 

 



 
Fig. 7 Scheme of the proposed fault-tolerant control against current sensors failure. 

 
Fig. 8 Block diagram of gain fault creation in the current sensors. 

   

  
Fig. 9 Simulation results of successive gain faults in sensor-b and sensor-c (sensor-a remains healthy): (a)    measured and estimated currents, (b)    measured 

and estimated currents, (c)    measured and estimated currents, (d) reference and measured speeds, (e) fault indicator, (f) load and electromagnetic torques, (g) 

direct and quadrature stator currents. 
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Fig. 10 Simulation results of a complete outage of the three current sensors (sensor-c, sensor-a, and then sensor-b, in succession): (a)    measured and 

estimated currents, (b)    measured and estimated currents, (c)    measured and estimated current, (d) reference and measured speeds, (e) fault indicator. 

 

 
Fig. 11 Simulation results of startup with offset faults in the three current sensors: (a)    measured and estimated currents, (b)    measured and estimated 

currents, (c)    measured and estimated current, (d) reference and measured speeds, (e) fault indicator. 

  

  
Fig. 12 Simulation results with variable speed and sensor failures: (a)    measured and estimated currents, (b)    measured and estimated currents, (c)    

measured and estimated currents, (d) reference and measured speeds, (e) fault indicator, (f) load and electromagnetic torques, (g) direct and quadrature stator 

currents. 
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Fig. 13 Simulation results with variable load and sensor failures: (a)    measured and estimated currents, (b)    measured and estimated currents, (c)    

measured and estimated currents, (d) reference and measured speeds, (e) fault indicator, (f) load and electromagnetic torques, (g) direct and quadrature stator 

currents. 

 
Fig. 14 Experimental test bench. 

 

 

 

 

Fig. 15 Experimental results of successive gain faults in sensor-b and sensor-c (sensor-a remains healthy): (a)    measured and estimated currents, (b)    

measured and estimated currents, (c)    measured and estimated current, (d) reference and measured speeds, (e) fault indicator, (f) load and electromagnetic 
torques, (g) direct and quadrature stator currents. 
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Fig. 16 Experimental results of a complete outage of the three current sensors (sensor-c, sensor-a, and then sensor-b, in succession): (a)    measured and 

estimated currents, (b)    measured and estimated currents, (c)    measured and estimated current, (d) reference and measured speeds, (e) fault indicator. 

 

 
Fig. 17 Experimental results of start-up with offset faults in the three current sensors: (a)    measured and estimated currents, (b)    measured and estimated 

currents, (c)    measured and estimated current, (d) reference and measured speeds, (e) fault indicator. 

   

 
Fig. 18 Experimental results with variable speed and sensor failures: (a)    measured and estimated currents, (b)    measured and estimated currents, (c)    

measured and estimated currents, (d) reference and measured speeds, (e) fault indicator, (f) load and electromagnetic torques, (g) direct and quadrature stator 

currents. 
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Fig. 19 Experimental results with variable load and sensor failures: (a)    measured and estimated currents, (b)    measured and estimated currents, (c)    

measured and estimated currents, (d) reference and measured speeds, (e) fault indicator, (f) load and electromagnetic torques, (g) direct and quadrature stator 
currents 
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