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FSTPI is given an increasing interest especially in many industrial applications such as aeronautics, robotics, 

renewable energy conversion systems and automotive as far as cost-effectiveness is concerned. Nevertheless, This 

reduced structure inverter is sensitive to several faults. In order to perform diagnostic speed, and to avoid  false 

alarms caused by speed and load fast variations, an improved method to diagnose open IGBT faults in FSTPI fed 

IM drives is proposed. This enhanced method is based on the information yielded from the current’s slope 

combined with those yielded from the normalized currents. The proposed diagnostic method is simple and just 

requires the current’s sensors avoiding the use of another hardware or extra sensors. This means that the 

implementation of this method and its integration into the control system become easier and consequently, the cost 

of the drive systems decreases. To rely better dynamic performance, the direct RFOC strategy is applied to control 

the speed of the IM fed by FSTPI. Simulation results, which are presented and commented, have proved the high 

performance, under distinct operating conditions, of the proposed diagnostic method in terms of fast fault 

detection associated with a high robustness against false alarms. 
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1. Introduction 

 

Four-switch three-phase inverter (FSTPI) is used in several industrial applications such 

as robotics, aeronautics, renewable energy conversion systems and speed electric motor 

drives. This inverter includes two legs that are connected to two phases of the IM while the 

third one is connected to the middle voltage point of the battery pack [1-3]. Moreover, the 

actual drive systems have already achieved a big level of maturity and reliability and they 

are still inclined to undergo many kinds of faults due to the complexity structure and the 

exposure to high stress of environments [4]. In order to develop the system reliability and to 

decrease the expense of the drive systems, during the last years, the development of fault 

detection and identification methods has attracted a lot of interest in the scientific 

community. 

In general, the FSTPI uses IGBTs as power switches because of their advantages such as 

fast commutation frequency, high efficiency and the ability to handle short-circuit currents 

for times exceeding 10 micro-sec [5]. In fact, some statistical results show that about 38 % 

of the faults in variable speed AC drives are concentrated in the power equipment and 53 % 

in the control circuits [6]. Another statistical result shows that about 60 % of converter 

system failures are concentrated in semiconductor, printed and soldering circuit board [7]. 

One can underlined that, power switch failures in the FSTPI can be broadly classified as 

open-circuit faults (OCF) and short-circuit faults. These later faults can induce an abnormal 

over current and consequently, the drive system should be shutdown. However, the OCF 

can be caused by a thermal cycling which in turn causes lifting of bonding wires. It is to be 

underlined that the occurrence of an OCF does not requires the drive system to be shut 
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down but it can causes a secondary failures in the inverter. To perform the availability and 

reliability of the drive system, it is crucial to detect and locate these types of faults [8, 9]. 

Concerning the open IGBT faults, several approaches for faults detection and 

identification dedicated to six-switch three-phase inverter (SSTPI) fed electrical motor 

drives have been investigated. Referring to the literature, the two major classes of diagnosis 

methods are those based on diagnostic signals of type voltages (voltage-type diagnosis 

methods) and those based on diagnostic signals of type currents (current-type diagnosis 

methods). Despite of the fast diagnosis of voltage-type methods, these latter require an 

extra sensors and hardware, which increase both their drive system costs and the 

complexity of their implementation [4]. In [10], a new voltage-type method using only a 

voltage observer based on motor parameters without extra device is presented. One can 

underlined that the voltage-type diagnosis methods of the first class make the diagnostic 

process very difficult and they are seldom applied into some industrial applications. 

However, the current-type diagnosis methods are able to identify and to detect the open 

IGBT faults without any additional extra sensors and hardware and have realized universal 

in many industrial applications because of the high reliability and lower expense. 

Notwithstanding, there is a diagnosis time delay caused by the hysteresis effect. Therefore, 

it is crucial to improve the diagnostic speed for the methods of the second class [11].  

Considering the current-type diagnostic methods, in [12], Mendes proposed the Park’s 

vector approach as an effective fault detection and identification tool for SSTPI diagnosis. 

Others diagnosis methods, related to the one proposed by Mendes, are developed and 

presented in [13-14]. However, the integration of these diagnosis methods are not suitable 

and require very complex pattern recognition. Furthermore, in [15-16], a diagnostic 

algorithm based on the average current Park’s vector approach in SSTPI is proposed. This 

latter, has some drawbacks such as the turning effort related to the fact that it is load 

dependent, which leads to the issue of false alarms. To face off this drawback and to 

overcome the dependency on the load level of motor and its speed range, diagnosis methods 

devoted to SSTPI fed IM and based on the normalized currents are proposed in [17-19].    

In [5], a new diagnostic approach based on the information of the slope vector and 

measured phase currents is presented. This letter exhibited a very robust behaviour to avoid 

the issue of false alarms during speed and load fast variations. A new diagnostic approach 

based on the normalized currents and the slope of the current vector is presented in [20-21]. 

Despite of the various existing diagnostic algorithms to detect and locate the OCF in 

SSTPI, there are a great deal to bypass the problems of dependency of load and speed levels 

of the motor, robustness against false alarms and complexity and high cost of the drive 

system. In these trends this paper is aimed to the synthesis and performance analysis of an 

improved diagnosis methods which belongs to the second class of current-type diagnosis 

ones, where the SSTPI is substituted by the FSTPI in attempt to reduce the cost, the 

complexity of control and the number of IGBTs used in the topology of the inverter. The 

proposed method results from an enhanced version of the method presented in [22]. A 

complete diagnostic algorithm for single and multiple open IGBT faults dedicated to FSTPI 

fed IM drives is performed considering: a single IGBT OCF, a single phase OCF, a non-

crossed double fault (NCDF) in two different legs and finally a crossed double fault (CDF) 

in two different legs. The proposed method is based on the analysis, under healthy and 

faulty operations conditions, of the information yielded from the behaviors of the three 

motor phase currents, their normalized ones and the new diagnostic variable provided using 
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the information of the slope of the current vector in the Concordia frame. This method 

offers a high diagnostic effectiveness because there is no need to use extra sensors or 

hardware and allows a best compromise of simplicity, low cost, fast detection and precision 

localization of open IGBT faults of the inverter. Simulation works, carried out considering 

the implementation of the direct rotor flux oriented control (RFOC) in an IM fed by FSTPI 

[23], highlighted the performance of the diagnostic method in terms of fast fault detection 

and high robustness against false alarms and against speed and load torque fast variations. 

2.  Notation 

 IM  induction motor 

SSTPI

FSTPI

IGBT s

OCF

NCDF

CDF  

   six-switch three-phase inverter 

   four-switch three-phase inverter 

   insulted gate bipolar transistor 

   open-circuit fault 

   non-crossed double fault 

   crossed double fault 

 

3. Open-IGBT faults damage impact on the FSTPI 

 

3.1. Principle of operation of the FSTPI 

The reduced structure inverter FSTPI is a two-leg topology as present in Fig. 1. The 

feeding of this FSTPI is performed by a battery pack that is divided into two identical parts. 

However, the two legs of the FSTPI feed the two phases of the IM while the third one is 

connected to the middle point of the battery pack voltage. 

Let us consider that the IM is fed by a FSTPI as illustrated in Fig. 1. The voltages                             

asV
, 
bsV

 and 
csV

can be expressed as a function of the switching states as follows: 
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                                                              (1)  

Where 
1k

 and 
2k

 are the states of the upper IGBTs T1 and T2, respectively. 
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Fig. 1: FSTPI fed IM connections 

3.2. Influence of open-IGBT faults on the conduction states of the switches 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Conduction states of the switches of the first inverter leg under healthy operation    

(in green) and faulty operation for an OCF of IGBT T1 (in red) where D1, D2, D3 and D4 

are the anti-parallel diodes of IGBTs T1, T2, T3 and T4, respectively.  
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This paragraph consists in studying the effect of an open IGBT fault on the conduction 

states of the switches. Indeed, when a single or a multiple open IGBT fault occurs, the 

conduction intervals for the other switches necessarily change, in particular those of the   

anti-parallel diodes. Fig. 2 shows the conduction states of the switches corresponding to the 

first inverter leg under healthy and faulty operations for an OCF appearing in IGBT T1 

considering both positive and negative current 
asI

, where the FSTPI is controlled by 

PWM. Referring to Fig. 2, one can underlined that during the interval where 
asI

 is positive 

and when the switching signal S1 of the IGBT T1 is set to one the diode D3 becomes 

conductive for a short-lived interval until the current 
asI

 becomes null. In this case, the 

faulty leg remains connected to the negative potential of the of the battery pack voltage 

through D3. When the switching signal S1 is set to zero the switches conduction states are 

the same as in the healthy operating conditions. In addition, it is to be noted that during the 

interval where 
asI

 is negative the SSTPI behaviour is the same as in the healthy operation. 

 

4. Proposed diagnostic method 
 

The implementation scheme of the improved diagnostic method is shown in Fig. 3. This 

proposed algorithm results from an enhanced version of the method presented in reference 

[21-22]. Moreover, this proposed diagnostic method is based on the normalized currents 

and the information of the current’s slope was applied to the reduced structure inverter 

FSTPI. The proposed diagnostic method utilizes only the currents sensor avoiding the use 

of another extra sensors and hardware. Accordingly, the subsequent decreases of the drive 

system complexity and costs. 

 

 
Fig. 3: The implementation scheme of the enhanced diagnostic method 

 

In attempt to avoid, the drawbacks associated to the induction motor mechanical 

operating conditions dependency and the issue of false alarms, the new diagnosis variable is 

obtained using the Clarke’s transformation. This latter transforms a three-phase system 

( , , )as bs csI I I  into a two-phase system 
α β( , )I I  as follows: 

α =
3

2 as
I I                                                                                   (2) 

β = +
1

2
2
as bsI I I                                                                     (3) 

The currents slope ψ  is given by the following expression: 
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α

β

ψ = k

k

I

I
                                                                                      (4) 

Where k is the present sample.  

Taking into account Eq. 4, the angle of deviation φ is defined in radian, given by: 

−φ = ψ1tan ( )                                                                              (5) 

Under normal operating conditions, the average absolute value of φ  is expressed as 

follows: 

φ = φ∫

1

0

s
w

s sw dw t                                                                                                              (6) 

As a consequence, the new variable “m ” is defined by Eq. 7. 

= φ − γm                                                                                                                          (7) 

Where γ is the average absolute value of φ in the normal operating conditions, given by: 

γ ≈ 0.785                                                                                                                             (8) 

In order to fulfil a complete diagnostic considering the other open IGBT faults, the 

information provided by the currents slope was combined together with the information of 

the normalized currents. This latter are obtained using the modulus of the Clarke’s vector, 

defined as: 

α β= +2 2
sI I I                                                                                                                  (9) 

Thus, the normalized currents are obtained by dividing each motor three-phase currents 

by the modulus of the Clarke’s vector. To achieve this, the normalized currents of each 

phase are expressed as follows: 

= n
nN

s

I
I

I

                                                                                                                         (10) 

Where n = as, bs and cs. It is assumed that the system of motor currents is perfectly 

balanced, defined as: 


=

 π
= = −


π = +


sin( )

2
sin( )

3
2

sin( )
3

as m s

n bs m s

cs m s

I I w t

I I I w t

I I w t

                                                                                           (11) 

Where 
mI  is the currents maximum amplitude and 

sw  is the frequency. Therefore, the 

modulus of Clarke's vector is expressed as follows: 

=
3

2s mI I                                                                                                                        (12) 

According of this normalization method, one can noticed that the normalized currents 

will take values in the range of ±
2

3
, which is independent of the measured currents 

amplitude, since: 
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                                                                                                (13) 

Consequently, the normalized currents average values 
ns  are expressed as follows: 

= ∫

1

0

s
w

n s nN ss w I dw t                                                                                                            (14) 

In the healthy operating conditions, all the diagnostic variables ( , )nM S  will take values 

near to zero. Under an OCF, the diagnosis variable M  will immediately increase to 

positive or negative values depending on the position of to the faulty IGBT (upper or lower 

one). Therefore, this new diagnosis variable can be effectively used to detect the open 

IGBT fault. In order to fulfil a complete and accurate diagnosis of OCF in FSTPI the two 

diagnostic variables M and 
ns are combined together. These two variables of default are 

expressed as follows: 

 ≤


< ≤ −
= 

≤ <
 ≥


p

p f

f g

g

SS for m k

S for k m k
M

B for k m k

BB for m k

                                                                                           (15) 
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 ≥


0

0

nN s

s nN
n

nN s

nN s

LL for I k

L for k I
S

H for I k

HH for I k

                                                                                  (16) 

Considering a compromise between fast diagnostic and robustness against false alarms, 

the threshold values , ,f p gk k k and 
sk

 can be established empirically by analyzing the 

diagnosis variables behavior under healthy and faulty operating conditions. The threshold 

values , ,f p gk k k and 
sk  are chosen to be equal to 0.1, -0.428, 0.18 and 0.286, respectively. 

The selection of these threshold values will be detailed in section 7.   

To fulfil a complete diagnosis of OCF in FSTPI, ten possible combinations of faulty 

IGBTs have been considered and summarized in table 1. 
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Table 1: Diagnostic signatures for faulty IGBTs identification in FSTPI 

 

Faults 

Types 

 

Faulty 

IGBTs M  

 

asS

 

bsS  
csS  

 

 

Single 

IGBT 

OCF 

T1 S L  H 

T3 S H  L 

T2 B  L H 

T4 B  H L 

Single 

phase 
OCF 

T1, T3 SS    

T2, T4 BB    

NCDF 

 in two 

different 

legs 

T1, T2 S   HH 

T3, T4 S   LL 

CDF 

in two 

different 

legs 

T1, T4  L H  

T2, T3  H L  

5. Simulation results 

 
To highlight the accuracy, the robustness against the issue of false alarms and the high-

speed identification of the proposed diagnosis method, simulation works have been carried 

out considering the FSTPI fed IM controlled by the direct RFOC strategy under healthy and 

faulty operating conditions. Fig. 4 shows the implementation scheme of the RFOC strategy.     

 

Fig. 4: Implementation scheme of the direct RFOC strategy dedicated to FSTPI fed IM.     
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Taking into consideration a tradeoff between method robustness and its independency to 

the variations of speed and load level, four distinct faulty operations are considered: (i) a 

single IGBT OCF, (ii) a single-phase OCF, (iii) a NCDF in two different legs and (iv) a 

CDF in two different legs. One can noticed that, an open-IGBT fault can be introduced by 

removing their respective gate signal keeping the antiparallel diodes connected. 

The used IM parameters are presented in the following table. 

Table 2: The used IM parameters 

Rated power (kw) 1.1 

Rated line voltage (volt) 600 

No. Of pole pairs 1 

Stator resistance (Ω) 6.863 

Rotor resistance (Ω) 7.67 

Stator inductance (H) 0.708 

Rotor inductance (H) 0.708 

Mutual inductance (H) 0.684 

Moment of inertia (Kg. 2m ) 0.0033 

Friction factor (N.m.s/rad) 0.0035 

5.1. Single IGBT OCF 

Fig. 5 shows the simulation results corresponding to the three IM phase currents, the 

diagnosis variable M  and the normalized currents average values considering a single OCF 

appears in IGBT T3 at the instant T = 0.69 sec.  Referring to this figure, one can clearly 

notice that, after the fault is occurred, the current 
asI

 becomes null during the half period 

where this latter was negative in the healthy operation. Also, at the instant when the fault 

occurs, the diagnosis variable M immediately decreases from zero (healthy operation) to 

converge to a negative value of -0.398, and the normalized currents average value 
asS

 

immediately increases to reach 0.261 whereas 
csS

 instantly decreases to reach -0.24.          

As conclusion, the OCF is detected by this diagnostic method after 0.032 sec of the fault 

occurrence when the diagnosis variable M reaches the value of − fk
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                                       (a)                                                                  (b) 

 

 
 (c) 

Fig. 5: Simulation results considering a single OCF occurs in IGBT T3. Legend (a): three 

motor phase currents, (b): diagnosis variable M and (c): normalized currents average values 

 

5.2. Single phase OCF 

Fig. 6 illustrates the simulation results corresponding to the three IM phase currents, the 

diagnosis variable M and the normalized currents average values considering a single phase 

OCF appears simultaneously in IGBTs T1 and T3 at the instant T = 0.7 sec.  

Referring to figure 6, it is to be noticed that, when the single phase OCF is occurred in 

the first phase “a”, the corresponding current 
asI

 becomes null and the diagnosis variable 

M immediately decreases from zero (healthy operation) and converges to a negative value 

of   -0.767. In this case, the information provided by the normalized currents average values 

is not relevant. Therefore, one can confirm that the single phase OCF is detected and 

identified by the proposed diagnostic method at time T = 0.7242 sec which correspond to 

the instant when the diagnostic variable M exceeds the value of the threshold 
pk
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(a)                                                                             (b) 

 
 (c) 

Fig. 6: Simulation results considering a single phase OCF effects the first phase “a”. 

Legend (a): three motor phase currents, (b): diagnosis variable M and (c): normalized 

currents average values 

 

5.3. NCDF in two different legs 

Fig. 7 presents the simulation results corresponding to the three IM phase currents, the 

diagnosis variable M  and the normalized currents average values considering a NCDF in 

two different legs which is appeared simultaneously in IGBTs T1 and T2 at the instant        

T = 0.69 sec.  Referring to this figure, it is to be noticed that when the IGBTs T1 and T2 

OCF occurs, the diagnosis variable M immediately increases and converges to a value of 

about -0.28 and the normalized current average value of the phase “c” 
csS

 immediately 

increases to reach a value of 0.69. As conclusion, one can confirm that the OCF is detected 

and identified at T = 0.7164 sec, when the diagnosis variable 
csS

 reach the value of 

threshold 
sk

. 
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(a)                                                         (b) 

 
(c) 

Fig. 7: Simulation results considering a NCDF in two different legs occurs simultaneously 

in IGBTs T1 and T2. Legend (a): three motor phase currents, (b): diagnosis variable M and 

(c): normalized currents average values 

 

5.4. CDF in two different legs 

Fig. 8 shows the simulation results corresponding to the three IM phase currents, the 

diagnosis variable M  and the normalized currents average values considering a CDF in two 

different legs which is occurred simultaneously in IGBTs T1 and T4 at the instant               

T = 0.69 sec.  Referring to this figure, it can be seen that, when the IGBTs T1 and T4 OCF 

occurs, the normalized current’s average value 
asS

 immediately decreases to a negative 

value greater than − sk , while the normalized current’s average value 
bsS

 immediately 

increases to reach a positive value lower than the one of the threshold 
sk

. The information 

yielded from the diagnosis variable M is not relevant in this faulty case. So, one can 

confirm that the OCF in IGBTs T1 and T4 is detected by the proposed diagnosis method at 

the instant T = 0.7008 sec, when the normalized current’s average values 
asS

 and 
bsS

 

converge to a negative and positive value, respectively. 
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(a)                                                                       b) 

 
 (c) 

Fig. 8: Simulation results considering a CDF in two different legs occurs simultaneously in 

IGBTs T1 and T4. Legend (a): three motor phase currents, (b): diagnosis variable M and 

(c): normalized currents average values 

 

6. Diagnosis method performance  

 

6.1. Robustness against false alarms during speed and load fast variations 

To analyze the performance of the proposed diagnostic method and to evaluate its 

robustness against the issue of false alarms during speed and load fast variations, simulation 

works have been carried out considering the application of rapid variations of speed and 

load to the FSTPI fed IM drives.  

For the load torque, the IM is running at no load operation during 0.3 sec, a load torque 

step from no load to a load torque equal to 2.06 N.m is applied at the instant T = 0.3 sec.       

At T = 0.5 sec, a load torque equal to 1.75 N.m (50% of the rated one) is applied.  

Concerning the speed variation versus time, it is as follows: from 0 sec to 0.6 sec, the 

reference speed is taken constant equal to 100 rad/sec. At T= 0.6 sec, a speed step from   

100 rad/sec to a speed equal to 150 rad/sec is applied. A speed step from 150 rad/sec         

to 200 rad/sec is introduced at T = 0.8 sec.  
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The obtained results corresponding to the IM phase currents, the diagnosis variable M 

and the normalized currents average values are presented in Fig. 9. Referring to this figure, 

one can clearly notice that, even with this fast variations of speed and load torque, the 

diagnostic variable M still far from the defined threshold of ±0.1 . As conclusion, one can 

confirm the performance of the proposed diagnosis method, which seams robust against 

these speed and load fast variations and so avoiding the emission of false alarms. 

  
(a)                                                                  (b) 

 

 
(c) 

Fig. 9: Simulation results considering speed and load torque fast variations. Legend (a): 

motor phase currents, (b): diagnosis variable M, (c): normalized currents average values 

 

6.2. Fast fault diagnostic method detection 

Through the simulation results relative to the implementation of the proposed diagnostic 

method under the four considered faulty operating conditions, one can clearly highlights the 

fault detection rapidity of the improved method, especially that, in the worst case, this 

diagnostic method needs 0.0242 seconds to detect the single phase OCF. However, it just 

needs 0.0108 sec to detect the CDF in two different legs.  

It is to be underlined that the detection and identification speed of the IGBT OCF 

depend essentially on: (i) the position of the faulty IGBT (if it is the upper or the bottom 

IGBT of the affected FSTPI leg), (ii) the instant of the fault occurrence, (iii) the sign of the 
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current of the affected FSTPI leg and (iv) the control signal of the faulty IGBT (if it is set to 

one or to zero). Actually, let us consider the case of a single IGBT OCF, where the control 

signal of the faulty IGBT is setting to one: 

•      when the fault appears in the upper (lower) IGBT of the affected FSTPI leg, during 

the positive (negative) current half period of the affected leg, the detection and the 

localization of the faulty IGBT are relatively fast due to the fact that the phase 

current of the faulty leg tends immediately to zero, 

 

•      when the fault occurs during the positive (negative) current half period of the 

affected FSTPI leg, in the lower (the upper) IGBT of this leg, the IGBT OCF can’t 

be detected immediately and will just be detected at the next negative (positive) 

half period of the current which corresponds to the affected FSTPI leg. 

 

7. Definition of the threshold values 

 

The parameters , ,f p gk k k and 
sk  are the threshold values characterizing the improved 

diagnostic method. The definition of these threshold values is empirically accomplished 

through the analysis of the behaviours of the diagnosis variable M and the normalized 

current’s average values 
nS

 in both healthy and faulty operations under the four considered 

faulty operating conditions. The proposed diagnostic method performance is directly linked 

to the accuracy of these used threshold values. These latter are correctly selected taking into 

account a compromise between fast diagnostic detection and the robustness against the 

issue of false alarms. 

The selection of the threshold value 
fk  is based on the analysis of the behaviour of the 

diagnosis variable M in healthy and faulty operations. Therefore, in one hand, considering 

the healthy operating conditions, the value of the diagnosis variable M is almost null in 

steady state operation. However, in transient operation, the diagnosis variable M is 

characterized by oscillations around zero during the application of speed and load 

variations. One can clearly noticed that, the amplitude of these oscillations are still lower 

than the value of 0.1. In the other hand, considering the four considered faulty operating 

conditions, on can confirm that the diagnostic variable M converges to either a positive 

value (higher than 0.1) or a negative value (lower than -0.1),  depending on the faults types. 

Accordingly, the threshold value 
fk  can be kept equal to 0.1. 

The parameters 
pk  and 

gk  perform an important role in the case of a single phase OCF. 

Therefore, the selection of these threshold values is done through the analysis of the 

diagnosis variable M behaviour, considering firstly the case of a single phase OCF under 

faulty operating conditions, and secondly the others faulty cases. Indeed, and considering 

these latter faulty cases, the diagnosis variable M converges to either a positive maximum 

value (lower than 0.16) or a negative minimum value (higher than -0.408), depending on 

the faults types. However, in the case of a single phase OCF, the diagnosis variable M 

immediately converges to a negative value of -0.77 (always lower than -0.408) when the 

faulty leg is the first one, and to a positive value of 0.264 (always greater than 0.16) when 

the faulty leg is the second one. Hence, and assuring a safety margin of 0.02, the threshold 

values 
pk  and 

gk  are chosen equal to -0.428 and 0.18, respectively. 

The parameter 
sk  perform an important role in the case of a NCDF in two different legs. 

Therefore, the selection of this threshold value is based on the analysis of the behaviour of 
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the normalized current’s average values 
nS  under healthy and faulty operations. Indeed, in 

the healthy operation, the values of 
nS  are almost null. Then, in the cases of a single IGBT 

OCF and a CDF in two different legs, the values of 
nS  converge to either positive values 

(always lower than 0.266) or to a negative values (always greater than -0.266), depending 

on the faults types. However, in the case of NCDF in two different legs, the values of 
nS  

converge to either a positive values (greater than 0.266) or to a negative values (lower than 

-0.266), depending on the faulty IGBTs. Consequently, and assuring also the same safety 

margin 0.02, the threshold value 
sk  is kept equal to 0.286. 

Finally, one can underline that, as all the diagnosis variables are normalized, the adopted 

threshold values , ,f p gk k k and 
sk  could be considered unchangeable even with the 

variations of machine parameters, speed and load. 

 

8. Conclusion 

This paper proposed an improved diagnostic method for single and multiple open IGBT 

OCF devoted to FSTPI fed IM controlled by the direct RFOC. The synthesis of the 

proposed diagnostic method has been achieved thanks to the analysis, under healthy and 

faulty operations, of the information yielded from the three motor phase currents, their 

normalized average values combined with those provided from the new diagnosis variable 

M. The improved method has been achieved considering a simple implementation scheme 

and a reduced cost and has been adopted considering four distinct faulty operating 

conditions which are: (i) a single IGBT OCF (ii) a single-phase OCF, (iii) NCDF in two 

different legs and (iv) a CDF in two different legs. Finally, simulation results highlighted 

the high performance of the proposed diagnostic method in terms of fast fault detection 

associated with a high robustness against speed and load torque fast variations. 
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