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INDIRECT VECTOR CONTROL 
INDUCTION MOTOR DRIVE 

PERFORMANCE UNDER LOW SPEED
 

An indirect vector controlled induction motor drive performance is poor with two—level inverter 
under low speed operation. The reduction in performance and peak value of torque is mainly 
due to the non-linearity caused by stator voltage drop and inverter. To overcome these problems 
three-level inverter used instead of optimized controllers (fuzzy, neural etc.,) in indirect vector 
control. Space vector modulation (SVM) method is employed to control two-level and three-level 
inverter. A simplified space vector modulation technique is implemented for three-level inverter 
to reduce the computational difficulties unlike conventional SVM method. In this simplified 
method, the three-level space vector diagram is decomposed into six two-level space vector 
diagrams. The performance of induction motor drive are compared using the three-level 
inverter and two-level inverter under different operating conditions under low speed operation.  

Keywords: Two-level inverter, Three-level inverter, Space vector modulation (SVM), indirect vector 
control, Low speed, Induction motor drive. 

1. INTRODUCTION 

Due to the advancement in power electronics, vector controlled induction motor drives 
are used in industrial applications in place of DC machines. In Indirect vector control the 
total rotor flux is aligned along the d-axis and the q-axis rotor flux is set to zero. Due to this 
induction motor can be controlled like a separately excited DC machine. But the 
performance vector control under low speed operation is not satisfactory because of 
unbalances, drift problems etc. Most of the presented resarch papers discussed about 
performance of sensor less vector control with various observers but the performance of 
indirect vector control under low speed operation has not been presented.  

The concept of the low speed operation of sensor less vector control, various strategies 
have been developed and studied in [1-4]. In all these strategies, nonlinearities introduced 
by inverter and parameter variations are discussed. In order to reduce these problems and to 
obtain better performance various observers are placed in the sensor less vector control. 
Due to this circuit complexity is increased and the improvement in the performance is not 
satisfactory.  

The concept of the multi-level pulse width modulation (PWM) converter, various 
modulation strategies have been developed and studied in [5]-[13]. In all these strategies, 
space-vector modulation (SVM) stands out because it offers significant flexibility to 
optimize switching waveforms and it is well suited for implementation on a digital 
computer. However, regardless of its advantages, SVM for three-level inverters is still 
mostly unexplored. A new simplified space vector pulse width modulation (SVPWM) 
method for three-level inverter is proposed [14]. This method is the space vector diagram of 
three-level inverter is simplified into two level space vector diagrams. Due to this the 
computation time is reduced. 

In this paper an indirect vector control scheme with two and three-level inverter fed 
induction motor drive under low speed operation (200 RPM) is presented. Modeling of 
induction indirect vector controlled induction motor drive is given in section-II. SVM of a 
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two-level inverter and three-level inverter is presented in the section-III. Simulation results 
of 3-Phase, 10 hp, 400 V, 50 Hz, and 1480 RPM induction machine are presented in 
section-IV. In the final section concluding remarks are stated. The parameters of motor are 
given in Appendix. 

2. MODELING OF INDIRECT VECTOR CONTROLLED INDUCTION MOTOR 
DRIVE 

The voltage equations of stator and rotor circuits in the synchronous reference frame can 
be expressed as  

                ( ) qSdSeqSSqS piRV ψψω ++=                                     (1) 

                ( ) dSqSedSSdS piRV ψψω +−=                                      (2) 

                   ( ) qRdRReqRR piR ψψωω +−+=0                                 (3) 

                   ( ) dRqRRedRR piR ψψωω +−−=0                                 (4) 

  Where   
dt
d

R
θω =  ,

dt
dp =      

                 VdS and VqS are d-q axis stator voltages respectively,  
                   idS, iqS and idR, iqR are d-q axis stator and rotor currents respectively, 

                   ψdS, ψiqS and ψdR, ψqR are d-q axis stator and rotor flux linkages respectively, 
                   RS and RR are stator and rotor resistances per phase respectively, 
                  ωe and ωR are synchronous and rotor angular speed  

The electromagnetic torque of the induction motor in stator reference frame is given by 

                  ( )qRdSdRqSme iiiiLpT −⎟
⎠
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                                              (5)  

     P is the number of poles 
In the indirect vector control the total rotor flux is aligned along the d-axis, therefore the 

q-axis rotor flux is zero. So the torque equation from the modeling can be expressed as 
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  If the rotor flux is kept constant then the torque is proportional to iqS 
In the indirect vector control the rotor angle θe is estimated in an indirect manner using 

the measures rotor speed ωR and slip speed ωsl 
         ( ) slRslRee dtdt θθωωωθ +=+== ∫∫                                         (7) 

ωsl  can be estimated using the induction motor modeling equations 
From the equation (3) and qSmqRRqR iLiL +=ψ , putting q-axis rotor flux ψqR as zero 
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ψ
ω =                                                                                        (9) 

From the above equations of indirect vector control, iqS and idS are generated. These 
values are compared with the current values obtained from the co-ordinate transformation 
of phase currents and from the respective errors using the PI controller’s d-axis voltage VdS 
and VqS are generated.   
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3. SVM OF TWO-LEVEL AND THREE-LEVEL INVERTERS 

3.1 Two-level 

Figure.1 represents two-level inverter space vector diagram with eight different 
switching states (V0-V7). No effective voltage is applied to machine when the zero vectors 
V0 and V7 are selected. The remaining six voltage vectors can be selected to apply an 
effective voltage to the machine and these vectors can be represented on the vector space 
with the stator fixed d-q reference frame.  

 
Figure 1: Two-level inverter Space vector diagram with active vectors 

The switching time periods proportional to the instantaneous values of the reference 
phase voltages and are given as 
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    Where Ts and Vds are the sampling interval time and dc link voltage respectively.  
                       VRs, VYs, VBs are three phase voltages respectively 
      Then the maximum (MAX), middle (MID) and minimum (MIN) switching times can be 
estimated in each sampling interval as 

                             Tmax= MAX(TRS, TYS, TBS)                                              (11) 
                              Tmin= MIN(TRS, TYS, TBS)                                               (12) 
                              Tmid= MID(TRS, TYS, TBS)                                               (13) 

   The active voltage vector switching times T1 and T2 are calculated as 
                                T1=Tmax-Tmid and T2= Tmid-Tmin                                        (14) 

   The zero voltage vectors switching time is calculated as 
                                TX=TS-T1-T2                                                                      (15) 

   The zero state time will be shared between two zero states as T0 for V0 and T7 for V7 
respectively, and can be expressed as  

                      T0=K0TX                                                                              (16) 
                       T7=(1-K0)TX                                                                       (17) 

   In this SVM algorithm, the zero voltage vector time distributed equally among V0 and V7. 
So k0 is taken as 0.5.  

3.2 Three–Level SVM 

The space vector diagram three-level inverter and corresponding two level hexagons are 
shown in Figure 2. The space-vector diagram of three-level inverter can be decomposed 
into the space-vector diagrams of conventional two-level inverters.     
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 Figure 2: Space vector diagram of three-level inverter and its six two-level hexagons 

From the location of a given reference voltage in the space vector diagram, one hexagon 
is selected. If the reference vector lie in the regions that are overlapped by adjacent small 
hexagons, the space-vector diagram can have multiple values. Once the value is 
determined, the origin of a reference voltage vector is changed to the center voltage vector 
of the selected hexagon. This is done by subtracting the center vector of the selected 
hexagon from the original reference vector. Fig. 3 represents the circuit diagram of a three 
level inverter and the change of original reference voltage vector. The corresponding 
switching states of u- phase of the inverters are given in Table I. In calculating the effective 
times, the only difference between the two-level SVPWM and the three-level SVM is 
multiplying factor 2 appears.  
The effective times can be calculated as 

                               T1=  
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                               T0= Ts-T1-T2                                                                                               (20) 

 

Table I : Three-level switching states 

Switching states Switching 
symbol S1u S2u S3u S4u 

Terminal   
voltage 

P On On Off off Vdc 

O Off On On off 0 

N Off Off On on -Vdc 
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Fig: 3 Change of reference vector 

4. RESULTS AND DISCUSSION: 
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Figure 4: Proposed vector control of induction motor  

The block diagram of the proposed indirect vector controlled induction motor drive with 
inverter is shown in Figure 4. From the flux controller and speed controller the reference 
values of currents ids

* and iqs
* are obtained and these are compared with the respective ids 

and iqs currents generated by the transformation of phase currents. From the respective 
errors, d-axis voltage Vds and q-axis voltage Vqs are generated through PI controllers.   

Simulation results are obtained under different conditions considering the reference 
value of speed as 200 rpm and using the switching frequency 5 KHz. The performance 
induction motor parameters such as stator phase currents, torque and speed are obtained 
with the two-level and five-level inverter controlled drives and are given in Figure 5-10.    
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The performance of the indirect vector controlled induction motor drive during the 
starting with two-level and three-level inverters is shown Figure 5(a) and 5(b). As shown in 
the figures maximum current during the starting is reduced, the ripple contentment in the 
torque is reduced, drive reaches steady state earlier with three-level inverter compared to 
drive fed from a two-level inverter. The maximum torque obtained with two-level is 15.4 
N-m but with three-level 16 N-m. The speed response also reaches steady state earlier with 
three-level inverter fed indirect vector controlled drive. 

 

   
                                             (a)                                                                            (b) 

Figure 5: Performance of induction motor during starting with 
a) Two-level b) Three-level 

 
The steady state phase currents, torque and speed responses of indirect vector controlled 

drive with two-level, three-level are shown Figure 6(a) and 6(b). It is observed that the 
torque ripple with two-level inverter is 0.15 but with three- level inverter it is only 0.05, so 
there is lot of improvement in the ripple with three-level. The better speed response is 
obtained with three level compared to two-level inverter fed indirect vector controlled 
induction motor drive.     
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                                     (a)                                                                                  (b) 
   Figure 6: Steady state performance with (a) Two-level inverter (b) Three-level inverter   

 
The response during change in load torque command (the load torque of 8 N-m is 

applied at 0.8 sec and removed at 1 sec) is shown in Figure 7(a) and 7(b). The momentary 
speed decrease with three-level inverter is little less compared with two-level inverter 
during the load change.  

 

.       
                                                      (a)                                                                 (b) 

Figure 7: performance during step change in load torque with 
(a) Two-level inverter (b) Three-level inverter 

        The results of the drive during speed reversals ( from +200 to -200) and (from -200 to 
+200) are shown in Figure 8(a), 8(b) and Figure. 9(a), 9(b) respectively. The overall 
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performance of drive is improved with three-level inverter and speed response also reaches 
the reference value earlier with three-level inverter compared to two-level inverter. 

    
                                                (a)                                                                    (b) 

Figure 8: Performance during speed reversal operation (Speed is changed from   
+200 rpm to -200 rpm)  (a) Two-level inverter (b) Three-level inverter 

    
                                                 (a)                                                                  (b) 

Figure 9: performance during speed reversal operation (Speed is changed   from 
 -200 rpm to +200 rpm)  (a)Two-level inverter (b) three-level inverter 

5. CONCLUSIONS  

The indirect vector controlled induction motor drive performance under low speed 
operation fed from two-level and three-level is presented. It is observed that the 
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performance of indirect vector controlled induction motor is improved with the three-level 
inverter compared to two-level inverter. An indirect vector controlled induction motor drive 
with two-level inverter gives lower torque and maximum starting current starting compared 
to three-level inverter. The steady state ripple content in the current and torque waveforms 
are less with three-level inverter. The ripple content of torque is reduced from 0.15 to 0.05 
under steady state due to this smooth speed response is obtained with three-level 
inverter.The momentary speed decrease in speed with three-level inverter is little less 
compared two-level when there is a step change in the load torque. The speed response 
reaches the reference value very quickly with three-level under steady state, step change in 
torque and during speed reversal periods. So the overall performance of drive is improved 
with three-level inverter compared to two-level inverter under low speed operation.  

 
 
 

APPENDIX     
Three-phase, 400 V, 10 hp, 1480 rpm induction motor   
   Parameters:  
Stator resistance RS = 0.7384 Ω  
Stator inductance Ls= 0.127145 H   
Rotor resistance RR = 0.7402 Ω   
Rotor inductance LR= 0.127145 H  
Mutual inductance Lm= 0.1241 H     
Moment of inertia J= 0.1 Kg-m2 
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