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Effect of Defective NPC Three Level Inverter on 

Nonlinear Command of Induction Motor 

Mendaz Kheira1, Benhadda Yamina2, Bounoua Houria3 

Abstract: Speed Induction Motor (IM) control is an area of research that has been 

in evidence for some time now. In this paper, a nonlinear controller is presented 

for the induction motor drives. The nonlinear controller is designed based on an 

input-output feedback linearization control technique. The input-output feedback 

linearization control decouples the flux from the speed control and makes the 

synthesis of linear controllers possible. This article presented input-output 

linearization control of the induction motor associated with NPC three level 

inverter defective, the inverter faults are usually caused by operating faults in the 

switch elements. Switching defects occur in rectifier diodes, the capacitor and 

inverter IGBT switches. The inverter switches defected reduce the performance of 

the motor, in our study. We applied the input-output linearization control to test 

their robustness and performance for detection of fault influence on the physical 

parameters of the motor, for this purpose, we applied two faults, we started by 

creating a fault in two switches K1 and K7 which are in the first and second arm of 

the inverter. Then we created a fault in the three switches K1, K7 and K10 which 

are in the three arms of the inverter. The simulation results are done by the use of 

Matlab/Simulink that show the detection, fault effect on input-output linearization 

control of the different induction motor responses. 

Keywords: Induction motor, Input Output linearization control, Switch fault 

Inverter, Performance, Robustness. 

1 Introduction 

Today, alternating current machines can replace the direct current machine 

in most variable speed applications. In particular, an induction motor is 

considered the preferred actuator constant speed applications. It offers some 

advantages compared to the DC motor, such as its ease of manufacture and 

maintenance, without a brush-collector device, its weight, and low inertia, with 
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an excellent performance. It is also appreciated for its reliability and robustness. 

However, the simplicity of its mechanical structure is accompanied by a high 

complexity in the mathematical model (multi-variable and non-linear). 

Due to the significant influence of nonlinearities on induction motor system 

dynamics, linear control techniques are quite good, and they may not meet the 

system specifications, mainly in the case of variable speed applications. Among 

these nonlinear techniques that ensure high performance and global decoupling 

between the outputs to control whatever the path profile imposed for the machine, 

one can mention the input-output linearization technique. 

This method implements the differential geometry theory to transform a 

nonlinear system into a linear one by using a state feedback linearizing method 

that ensures input-output decoupling [1, 2]. 

 The major merit of this technique is that one can find a global feedback law 

to linearize and decouple multi-input multi-output (MIMO) nonlinear system, 

where regular linear design methods can be applied. 

 The input-output linearization control is an analytical design approach which 

aims to reduce the original nonlinear problem to a simpler linear control problem. 

The nonlinear control system is designed using a two-step procedure. 

Firstly, a nonlinear process model is used to synthesize a nonlinear state 

feedback controller that linearized the map between a new manipulated input and 

the controlled output. In the second step, a linear pole placement controller is 

designed for the feedback linearized system [4].  

 Induction motor drives using the input-output feedback linearization 

technique in order to decompose the motor model into two separate subsystems, 

rotor speed and rotor flux amplitude [6]. 

The power electronics part is considered as the weakest component in the 

drive system, and about 38% of the induction motor faults are due to switching 

faults. In this section the causes and effects of various switching faults in the 

induction motor performance are described. Switching faults may occur due to 

many reasons, which include electrical stress due to stored charge carriers, 

maximum reverse current, faulty base drive system, manufacturing defects, 

ageing of the capacitor, loose connections, abnormal transients, etc. It can result 

in reduced performance of the motor, increase in temperature resulting in an 

increase in stator current or may even result in the shutdown of the motor [7]. 

 Multilevel inverter offers interesting advantages such as possibility of 

operation in medium, high voltage and high power applications, providing a 

better voltage waveform with low total harmonic distortion for electric machine 

applications.  

However, the number of switches needed in the topology increases with the 

number of levels and, although the switches may be highly reliable, a system’s 
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fault probability will become increasing. An unbalanced voltage is generated 

when a fault occurs, which can produce permanent damage to the load or 

complete system failure [10, 11]. 

 Harmonic currents/voltages are created by nonlinear devices which induced 

in power systems and eventually flow back to the source; there are few methods 

to reduce the harmonics such as filter technique. Harmonic filters are broadly 

classified into passive and active filters. Passive filters, as the name implies, it is 

constructed with passive components such as resistors, inductors, and capacitors. 

In filter technique, there are many designs based on inductors and capacitors to 

reduce the harmonics, such as LCL. Filter technique is adopted to reduce the 

harmonics and THD in three-level NPC inverter [16, 17]. 

 This article discus about input-output linearization control with application 

of switch fault for three-level NPC inverter.  

 Result simulation using Matlab shows the effect of these defects on physical 

parameters of the induction motor and show the performance and robustness 

given by input output linearization control. After keywords, the first section is 

usually Introduction, although some other subtitles can be used. 

2 Mathematical Modeling of Induction Motor 

The mathematical model of the induction motor is used for analyzing the 

dynamic behaviour of the motor. The change in the dynamic behavior of the 

motor affects the motor parameters such as speed, torque, resistance, flux 

analyzing the change in performance of the induction motor. A dynamic model 

of the induction motor is derived by transforming the three-phase quantities into 

two phases axes quantities (Clark transforms). Mathematical equation of the 

induction motor is given below (  rotating) wish rewritten in rotation reference 

frame [21]: 
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,  scattering coefficient Blondel, pn  Number of pole pairs, 

mL   

mutual inductance,   r   rotor time constant, ,  s rL L   stator and rotor inductance, 

J   inertia, f   friction of the rotor, ,r r     arm of the flux generated by the 

rotor on the axes  , 
eT   electromagnetic torque,   ,s sI I    stator current on the 

axes   and    speed. 

3 Input Output Linearization Control 

The objective of state feedback-exact linearization is to create a linear 

differential relation between the output 
1y , 

2y  and an internal defined input
1  V , 

2V  an important property of a nonlinear system is its relative degree. The output 

needs to be differentiated for r times until it is directly related to the input. The 

number r is called the relative degree of the system [3  5]. 

The approach in obtaining the exact linearization of the multi input multi 

output systems is to differentiate the output jy  until the input reveals, is given 

by: 

 
1

d
 =  +  ( ) ,
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L h L h x U
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  (6) 

where f jL h  represents derivatives of the smooth scalar function of ( )jh x with 

respect to ( )f x , which is defined as: 
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f  j
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L h f x

x
 . (7) 

Similarly, in the case of another vector field ( )gi jL h x  given by: 
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( ) ( )
d

j

gi j i
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Assuming that jr  is the smallest integer for which at least one of the inputs 

appears in
( )

  jr

jy , which is defined as: 
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with   ( ) 0jr

g jL h x   for all least one i. If we perform the above procedure for each 

input jy , we can obtain a total of m equations in the above form, which can be 

written completely as: 
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where the m m  matrix ( )xD  is defined as: 
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The matrix ( )xD  is called the decoupling matrix of the MIMO system. If 

( )xD  is nonsingular, then the input transformation can be obtained as: 
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Substituting (11) into (12) results in a linear differential relation between the 

output y and the new input V: 
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Note that the above input-output relation is decoupled, in addition to being 

linear. 

Since the new input V, only affects the output y, (12) is called a decoupling 

control law, and the invertible matrix ( )xD  is called the decoupling matrix of the 

system. The system (9) is then said to have a relative degree ( ), ,j mr r  at 
0x and 

the scalar  j mr r r    is called the total relative degree of the system at 
0x . 

4 Input Output Linearization Control of Induction Motor 

The choice of outputs is according to the objectives of control. The rotor 

speed is chosen as the first output while the second output selected is the square 

of the rotor flux, so as for tracking the purposed control trajectory [4, 5], 
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The time derivative of the system output 
1( )h x  can be expressed as:  
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where lT  is load torque. 

The time derivative of the system output 
2( )h x  can be expressed as: 
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Note that for a controllable system, we always have r ≤ n, with n as the 

system order. 

The total relative degree is defined as the sum of all the relative degrees, it 

must be less than or equal to the system order [1  3]. 

In the case of the induction motor system, it is easy to verify that the control 

can’t appear for the first time in the first derivative of the outputs 
1y  and 

2y  so 

we derivative the outputs 
1d dy t  and 

2d dy t  for the second time, that presented 

in the following [4]: 
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The degree of 1( )h x and 2( )h x is 1 2 2r r  . 

The global relative degree is lower than the order n of the system

1 2     4 5r r r n     . 

The matrix defines a relation between the input , )( ssU U   and the output

1 2( , )y y is given by the expression (30): 
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The nonlinear feedback provide to the system a linear comportment 

input/output: 
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5 Speed and Flux Control of Linear System 

The internal outputs (
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2 2

1
1 2 2

d d
=

d d

y
V

t t


 , (37)  

 
2 2 2

2
2 2 2

d d
= =

d d

ry
V

t t


, (38) 

 
2

1 1
1 11 12  12

d d
= +  + 

d d

e e
V K K e

t t
, (39) 

 
2

2 2
2 21 22 22

d d
= +  + 

d d

e e
V K K e

t t
,  (40) 

  
2 2

r
1 11  122 2

d dd d
=   + +  

d d d d

ref ref

refV K K
t t t t

    
       

  

, (41) 

 

2 2 22 2
2 2

2 21 222

d dd
=  +  ( )

d d d d

rref rrefr r
rref r

d
V K K

t t t t

     
          

   

 . (42) 

The error of the track is given by flowing equation: 
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 Therefore, (36) becomes: 
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where the coefficients
11  ,K 12  ,K 21K and 

22K are choosing to satisfy asymptotic 

stability and excellent tracking [1]. 

Derivation of the flux and speed transfer function goes as follows: 
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From (54) and (55) the speed and flux transfer functions are given by the 

following equations: 
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In closed loops, the flux and speed transfer functions have second-order 

dynamics. By identifying them to the canonical form: 
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The Fig. 1 shows the command of induction motor using input-output 

linearization control associated with three-level NPC inverter. Input-output 

linearization control transforms a nonlinear system dynamic into a linear system, 

so that linear techniques can be applied.  

 

Fig. 1  Input output linearization control of induction motor  

associated with NPC three levels inverter. 
 

There are two control inputs for the given system β( ,  )s sU U ; we should have 

two outputs for input-output decoupling. One control input is used to regulate the 

input speed   and the other is for the flux 2 φr . 

The Fig. 2 shows input-output linearization control of induction motor. 

The central goal of input-output linearization is to design a nonlinear control 

law, as assumed that the inner loop control is, in the most suitable case, precisely 

linearized the nonlinear system after appropriate state space modification of 

coordinates. The developer can then build an outer-loop-control in the new 

coordinates to obtain a linear relation between the output and the internal input 

and to satisfy the traditional control design specifications such as tracking, 

disturbance rejection, as shown in Fig. 2. 
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Equation (49)

 

Fig. 2  Input output linearization control of induction machine model  

with appropriate subblocks in Simulink. 

 

As can be seen in Fig. 2, the new inputs 1 2( ,   )V V  pass through the linearizing 

expressions which, at the same time, serve to decouple the control variables. The 
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original system will continue receiving the inputs 
sU
, βsU  which are handled by 

the linearizing block in order to comply with the linearity between inputs 
1V , 

2V  

and outputs 
1y , 

2y . 

(1) ,u    (2) φ ,ru      ,(3) ru     ,(4) su I      ,(5)   su I    1 ,rA    ,pp n

  
p m

r

n L
mu

JL
 ,  m

r s

L
B K

L L
 


,  

2

2

m r s

r s s

L R R
lambda

L L L
   

 
,    sig  . 

6 Three- Level NPC Inverter Structure 

The three-phase three-level NPC converter is shown in Fig. 4, the three 

phases have a common DC bus, divided by two capacitors into three levels. The 

voltage across each capacitor is 2 dcV ; and the voltage stress across each 

switching device is limited to 2 dcV  through the clamping diodes. A three-level 

NPC inverter is able to produce five levels of line to line voltage and three levels 

of phase voltage. This NPC converter reduces harmonics in both voltage and 

current output [12  19]. 

Table 1 gives the switching states for phase; a similar switching sequence 

will be derived for other phases according to the phase angle displacement. Here, 

1K  and 2K  are turned on giving 2 dcV  and 3K  and 4K  are turned on giving

2 dcV  [11, 12]. 

Table 1 

Switching states of three level NPC inverter. 

States of switches 
Voltages level 

1K  2K  3K  4K  

on on off off 2 dcV  

off on on off 0 

off off on on 2 dcV  

7 PWM Strategy 

A NPC inverter includes the DC power source for output of DC voltage 

having a neutral point. An NPC converts a DC voltage into an AC voltage in three 

phases PWM control. When a mode is selected, consider for a first and a second 

PWM mode by comparing the amplitude of voltage reference with a predefined 

value that is defined by a minimum pulse width, a first voltage reference means 

to add a predefined bias value at which a change to positive/negative within a 

fixed period to voltage references in respective phases in a first PWM mode, a 
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second voltage reference means to fix the voltage reference in one phase by a 

value with minimum pulse width when voltage reference in one phase is smaller 

than a described value that is defined by the minimum pulse width in a next PWM 

mode and correct voltage references of other two phases so as to make line 

voltage to a value corresponding to the voltage reference, and a modulation 

frequency varied over to lower PWM control modulation frequency in the first 

PWM mode and to suppress power loss caused by switching in the first PWM 

mode [18]. 

The Fig. 3 shows the modulation strategy for three-level NPC inverter. PWM 

strategy is applied for arms.  

In Fig. 3, 
1C  and 

2C  are triangular carriers of three Arm (A, B, C), 
aV  

represents the modulation wave of Arm A. The phase of 
1C  is opposite with 2  C . 

When the value of 
aV  is higher than 

1C , 
1K  and 

2K  are switched on. When 

the value of 
aV  is lower than 

2C , 3K  and 4K  are switched on. In the other case, 

2K  and 
3K  are turned on, and the output level is 0. Similarly, 

1C  and 
2C  are 

triangular carriers of Arms B and C, 
bV  represents the modulation wave of Arm 

B and 
cV  represents the modulation wave of Arm C. the same principle applied 

for arm A is applied for two arms B and C [18]. 

 

Fig. 3  Modulation strategy of three level NPC Inverter. 

 

8 LCL Filter 

Excessive heating in the motor depends on the THD generated by the three-

level NPC inverter. Harmonic distortion produces elastic deformation such as 

shaft deflection, parasitic torques, vibration noise, additional heating, and lower 

the efficiency of induction motors. 
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The harmonic current/voltage flowing in the induction motor’s, causes 

additional heating effects on stator windings, in the conductors, and iron parts in 

the motor [20].  

Negative-class harmonics cause additional losses by inducing high 

frequency currents and negative torques in machine rotors [16, 17]. 

 Due to the pulsating voltage at the three-level NPC inverter output nodes, 

LCL filter placed between the inverter and the induction motor to attenuate the 

switching harmonics. The filter is usually composed of inductors and capacitors. 

With this filter, the switching frequency of the converter has to be high enough 

to reduce the harmonic distortions at the stator windings [20]. 

The LCL filter used to obtain a higher attenuation as well as cost savings, is 

also one of the advantages of the overall reduction of the weight and size of the 

components. The LCL filter is consisting of 
1L , 

2L , 
3L  inductances at the NPC 

three level inverter- side, inductances 
4L , 

5L , 
6L  at the induction motor side, and 

capacitances 
1C ,

2C ,
3C  in-between, as it is shown in Fig. 4. LCL filters have been 

used in induction motor-connected inverters, because they minimize the amount 

of current and voltage distortion injected into the induction motor. The excellent 

performance can be obtained in the range of power levels up to hundreds of kW, 

with the use of small values of inductances and capacitances.  

The parameters of used induction motor, NPC inverter and LCL filter are 

given in Table 2. 
Table 2 

Parameters of system components. 

Parameters of induction motor: 

 1.5  kW ,P   50 Hz ,F  220 380[V],V  2 pole pairs,p 

 0.274  mH ,rL  0.274[mH],L 
s

   4.85   ,sR    0.258  mH  ,mL 

20.031  Kg m ,J      0.0114  Nms rad ,f   2 50 rad ss    

NPC inverter :  380 VdcV   

Parameters of LCL filter 

1 3 0.5[F],rC C C    1 3 4 5 6 0.06 mHrL L L L L L       

9 NPC Three Level Inverter Fault Analysed 

Inverter power switch faults are subdivided into short and open circuit [14]. 

Short circuits, in most cases, that can lead to brutal damages on the switch 

itself or even on the drive. These faults usually cause the tripping of fuses and, in 

intolerant structures (conservative design), the turn-on of spare power switches 

[13, 14].  
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Open-Switch Faults that have a less immediate negative effect. However, the 

cumulative effect may lead to non-reversible degradation [8, 9]. 

Open-Circuit Fault in
1 K : To generate a positive switching state, 

1K and 
2K  

must be turned on, and positive currents will pass through these switching 

devices. While, when 
1K  fault occurs, another current path is formed, from 

1  D

and 
1 K . Output current decreases to 0. When 

1K  fault occurs, the switching 

positive state can’t work as normal [8, 9]. 

The output voltage is equal to the reference value (200 V) and the output 

current reaches to 1.4 A in the full-load condition, and all capacitors have the 

same voltage value (100 V). The voltage of capacitors is equal to half of the DC-

link voltage because of their serial connection.  

The Fig. 4 shows the structure of the three-level inverter controlled by PWM, 

also observes the default application on the three switches 1 K , 7K  and 10K , this 

figure shows the use of LCL filter which is used to filter the voltage output and 

output current of the three-level NPC inverter.  

 

Fig. 4  Three level NPC inverter structure with K1, K7 and K10 switch fault. 
 

In Fig. 5 shown the three-phase voltage of phase A, and B, under K1 and K7 

open-circuit fault, it can be seen that the amplitudes of three-phase voltage 

decreased. During open circuit faults of switches K1, K7 and K10, the three-phase 

voltages are no longer symmetric, and changed most significantly. The phase 

voltage of phase A, B and C distorted because of the open-circuit fault. 
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(a) 

 
(b) 

 
(c) 

Fig. 5  (a) Output voltage   abV ; (b) Output voltage   bcV ; (c) Output voltage   caV  with 

existence of switches 1 7  ,K K , and 01 7 1,  ,K K K  fault of three level NPC inverter. 

 

The three level NPC inverter outputs line-line voltages with three states. The 

system is operating normally before 0.2 s witch the output voltages equal to 200V. 

In the time interval [0.2, 0.7]s, two faults are applied, the first fault will be applied 

on two switches K1, K7 and the second will be on three switches K1, K7, K10. When 

the switch fault K1 and K7 occurs in the time interval [0.2, 0.7]s, the output voltage 

of NPC three level inverters is distorted and the level of the output voltage is 
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reduced, which the output voltage equal 49.9 V. But during switches faults K1, 

K7 and K10, we observed more reduction on output voltages which equal to 5 V. 

From Fig. 6, it can be seen that when K1 and K7 come into open-circuit fault 

at the same time, the three-phase filtered output current is no longer symmetric, 

and the current of phase A, B and C changed the most obvious. The filtered output 

current which is equal to the reference current before the fault (1.4 A) but during 

the switch fault K1, K7 in the time interval [0.2, 0.7] s, the output filtering current 

decreases to 0.28 A, this decrease well notices on the current zooms. 

In Fig. 7 it can be seen that when K1, K7 and K10 come into open-circuit fault 

at the same time, the phase filtered output current of phase A, B and C changed 

to 0 after the fault occurred. The filtered output current decreased to 0.032 A 

during the switch fault K1, K7 and K10 in the time interval [0.2, 0.7] s. This 

decrease of the current value is observed by their reduction, which is well noticed 

on the current zooms. 

From Fig. 8, it can be seen that when K1 and K7 come into open-circuit fault 

at the same time, the amplitude of filtered output voltage phase A, B and C has 

also decreased. The filtered output voltage, which is equal to the reference voltage 

before the fault (200 V) but during the application of a switch fault K1, K7 notices 

a significant decrease in the output filtering voltage (49.9 V). This decrease is 

well noticed on the voltage zooms. 

From Fig. 9 it can be seen that the amplitudes of the three-phase filtered 

output voltage have been decreased and changed after the fault occurred during 

the switch fault K1, K7 and K10.The filtered output voltage decreased to 5 V during 

the switch fault K1, K7 and K10 in the interval time [0.2, 0.7] s. This decrease in 

the value of the voltage is observed by their reduction or cancellation, which is 

well noticed on the voltage zooms. 

 

Fig. 6  Filtering current abcI  with existence of switches 

1 7  ,K K  fault of three level NPC inverter. 
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Fig. 7  Filtering current abcI with existence of switches  

01 7 1,  ,K K K  fault of three level NPC inverter. 
 

 

Fig. 8  Filtering output voltage abcV  with existence of  

switches 1 7  ,K K  fault of three level NPC inverter. 
 

 

Fig. 9  Filtering output voltage abcV with existence of  

switches 1 7 10,  ,K K K  fault of three level NPC inverter. 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
-1.5

-1

-0.5

0

0.5

1

1.5

time(s)

c
u

rr
e

n
t 
Ia

b
c
(A

)

0.3 0.32 0.34

-0.02

0

0.02

zoom current with K1,K7,K10 fault

0.06 0.08 0.1

-1

0

1

zoom current without fault

K1,K7,K10fault

0.2 0.3 0.4 0.5 0.6 0.7 0.8
-300

-200

-100

0

100

200

300

time(s)

v
o

lt
a

g
e

 V
a

b
c
(V

)

0.15 0.2
-200

0

200

zoom voltage without fault

0.3 0.32 0.34
-50

0

50
zoom voltage with K1,K7 fault

K1,K7 fault

0.2 0.3 0.4 0.5 0.6 0.7 0.8
-300

-200

-100

0

100

200

300

time(s)

v
o

lt
a

g
e

 V
a

b
c
(V

)

0.15 0.2
-200

0

200

zoom voltage without fault

0.3 0.32 0.34
-5

0

5

zoom voltage K1,K7,K10 fault

K1,K7,K10fault



K. Mendaz, Y. Benhadda, H. Bounoua 

186 

10 Simulation Results and Discussion 

Inverter switching faults reduce the performance of the motor; in our study, 

we associate the induction motor with a three-level NPC inverter where we apply 

a fault in the switches to test the performance of input-output linearization 

command on the physical parameters of the induction motor, the simulation will 

be shown by the following results. 

The Fig. 10 shows the simulation results for the input-output speed 

linearization control for induction motor associated with three-level NPC 

inverter. 

The machine is applied with a load torque of 10 Nm in time 0.1 s; the 

direction of rotation of the machine is reversed from 157 rad/s to -157 rad/s in 

time 1.7 s. When the motor starts with reference speed 50 rad/s in the time interval 

[0.1, 0.7] s, it is found that the speed without applying the switch fault of three-

level NPC inverter joins its reference. During rotation sense’s reversing, the 

speed controller shows a similar behaviour to the start-up state by operating the 

system at the physical limit. The speed is shown good transient and steady state 

reference tracking dynamics. 

The simulation results show that the speed input-output linearization control 

without switch fault application is robust to the variation of the reference speed, 

since the speed measured without fault tracks the reference speed at startup as 

well as the reversal of the direction of rotation, in a very satisfactory way. We 

can clearly see the dynamic insensibility of the proposed strategy for the low 

speed induction motor. 

When applying the fault K1, K7, K10 a very significant decrease in the speed 

rate reaches up to -60 rad/s compared to K1, K7 fault in the time interval [0.2, 0.7]s 

in the three-level NPC inverter associated with the induction motor by the use of 

input-output linearization control, it is found that this type of defect causes a 

disturbed and unstable operation of the system due to the change of operation 

mode during the application of the defect. This decrease is clearly noticeable on 

the speed zooms. 

In the Fig. 11 it can also be noticed that the torque rate also shows very strong 

ripples during the fault K1, K7, K10 compared to K1, K7 fault. This ripple can be 

seen well on the torque zooms. 

Open-circuit IGBT failures are introduced by disabling the control signals of 

switches. It can be observed that the induction motor is in a stable steady-state 

condition with torque held at 10 Nm. During K1, K7 open circuit in two phases A 

and B we see a peak-to-peak ripple of 100 Nm but with the application of K1, K7 

and K10 open circuit in three phases A, B and C we notice an increase in peak to 

200 Nm, respectively. In the faulty state, the drive system loses control of the 
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induction motor and does not produce any torque when the switches are in open-

circuit. Thus, the machine naturally decelerates to rest. 

 

Fig. 10  Speed result of induction motor with input output linearization  

control and application switch fault in three-level NPC inverter. 

 

When the fault occurs in the three-level NPC inverter switches, the current 

has a sudden drop that has produced a drop on the response of the flux. The drops 

that occur in the currents and fluxes when the switch fault occurs, causing a 

sudden drop in the torque that allows it to take a maximum value in the negative 

direction. 

The result is that the fault can damage other components and endanger the 

system operation in the presence of this type of inverter fault. 

 

Fig. 11  Torque result of induction motor with input output linearization  

control and application switch fault in three level NPC inverter. 
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The Fig. 12 shows that during the switches fault K1, K7, K10 compared to K1, 

K7 fault in the time interval [0.2, 0.7] s, we can see a strong increase that causes 

an imbalance in the flux response, where their amplitude reaches a very high 

value that leads to the degradation of the system and damage to the motor. 

The Fig. 13 shows that during the switches fault K1, K7 and K10 compared to 

switches fault K1, K7 in the time interval [0.2, 0.7] s, we can see a strong increase 

that causes an imbalance in the rotor flux response 
s  and   s . 

 

Fig. 12  Flux result of induction motor with input output linearization  

control and application switch fault in three level NPC inverter. 

 

 

Fig. 13  Flux result of induction motor with input output linearization  

control and application switch in three level NPC inverter. 
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When the switch faults occur in the three level NPC inverter, the stator 

current 
sI 

 and sI   of the induction motor increases from its desired value, as 

shown in Fig. 14. That produced an increase of the flow. 

The Fig. 14 shows that during the switches fault K1, K7 and K10 compared to 

switches fault K1, K7 in the time interval [0.2, 0.7] s, we can see a strong increase 

that produced imbalance in the stator current response   sI 
and   sI  . 

The Fig. 15 shows the dynamics of the static error speed with the existence 

of switch fault and without fault. 

 

 

Fig. 14  Stator current result of induction motor with input output linearization  

control and application switch fault in three level NPC inverter. 

 

Fig. 15  Error speed result of induction motor with input output linearization  

control and application switch fault in three level NPC inverter. 
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The tests performed to ensure the robustness of input-output linearization 

control against switch faults K1, K7 and K1, K7, K10 of the three level NPC inverter 

at high and low speeds. The static error speed response shows that the switch fault 

can cause degradation in the expected performance, mainly with respect to the 

reference speed tracking. The application of switch fault causes an important 

increase of static error speed; this increase is mainly allowed the speed to move 

away from its reference, which causes system instability. 

11 Conclusion 

In this paper, the input-output linearization approach is presented which is a 

way to algebraically transform nonlinearity, multivariable, complex and dynamic 

systems into linear ones, so that we can apply the linear control, this technique 

has attracted a lot of research in recent years. For this purpose, we have applied 

this proposed approach to derive the control of induction motor in this paper. 

This control strategy ensures perfect linearization regardless of the profile 

trajectories physically imposed on the induction motor system. The decoupling 

between the two selected outputs (speed and flux) is then achieved, the proposed 

method confirm their effectiveness and superiority. 

The three level NPC inverter presents a big interest in the field of the higher 

voltages and the high powers of the fact that they introduce less distortion and 

weak losses with relatively low switching frequency. Also, the use of three-level 

NPC inverter in combination with an induction motor with the use of the input-

output linearization can reduce harmonics and have a higher output voltage level 

and improve the quality of the motor output signals. 

To test the performance of the input-output linearization control, we apply 

faults on the three-level NPC inverter switches. Thus, the input-output 

linearization control enables us to have the influence of the existence of a fault 

on the physical parameters of the induction motor (speed, electromagnetic torque, 

and flux) which is on the decrease, increase, ripple and oscillation that disturb the 

different signals. The simulation study clearly indicates the superior performance 

of input-output linearization control. This superiority is observed in the responses 

that show the effect of fault. 
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