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Abstract : This paper presents a mathematical  and programming model of conventional space vector pulse 

width modulation(CSVPWM) and mathematical analysis of new approach for designing SVPWM imaginary 

switching times called active zero space vector pulse width modulation AZSVPWM for reducing the common 

mode voltage.Vcm from +Vdc/2 to+Vdc/6.In AZSVPWM method the complexity involved in calculating Vref and 

angle information zero voltage vector are eliminated by simply taking two opposite active voltage vectors. 
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I. Introduction 
Induction motors were widely used in industries due to its robustness, low-cost and high reliability [1]. 

To reduce the steady state ripple space vector pulse width modulation (SVPWM) technique has been proposed 

in [2-3].This techniques requires angle and sector information and also generates the high common mode 

voltageVcm. To reduce the complexity involved in calculating the angle and sector information a active zero 

space vector concept which does not use the zero voltage vectors with equal time intervals. 

 

II. Conventional Space Vector Pulse Width Modulation 
In CSVPWM, the reference voltage space vector or Vref vector is sampled in every sub cycle Ts in an 

average sense. Here two active voltage vectors and zero voltage vectors are used.  Given a example figure (1) 

where Vref in sector 1 is calculated by two active voltage vectors V1 and V2 and two zero voltage vectors V0 and 

V7 are used.   

 
Fig.1.switching states and corresponding voltage vectors of voltage source inverter (VSI) 

 

 Sampling time Ts can be calculated from the equations: 

T1=3/π*M*sin (60°-π)/sin60°*Ts------- (1) 

T2=3/π*M*(sinπ/sin60°)*Ts------------- (2) 

M=π*Vref/2*Vdc--------------------------- (3) 

Here M=modulation index 

Tz=Ts-(T1+T2) --------------------------------- (4) 
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III. Active Zero Space Vector Pulse Width Modulation 

In the conventional space vector, it can be observed that the switching times T1 and T2 depends up on 

the sector calculations mentioned in table (I) .So to eliminate the complexity involved in in calculating the 

reference vector is minimized by taking instead of zero voltage vector two active opposite voltage vectors with 
equal time duration are utilized for composing the reference vector by using imaginary switching times and 

these can be calculated as explained in the Table (1).  

 

Table-1 Imaginary switching times and sector calculations 

 

 
From d-q transformation, three phase voltages can be calculated s follows: 

 

Vas= Vrefcosπ---------------------------- (5) 

Vbs= -0.5 Vref cosπ+0.866 Vrefsinπ—(6) 

Vcs= -0.5Vref cosπ-0.866 Vrefsinπ----- (7) 

Where Vref=√Vd
2+Vq

2 

           α=tan┤(Vd/Vq) 

 

Actual switching times in sector 1 

Tas= (Vas/Vdc) Ts------------- (8) 

Tbs= (Vbs/Vdc)Ts------------------- (9) 

Tcs= (Vcs/Vdc)Ts------------------ - (10) 

T1=Tas-Tbs 

= (Ts/Vdc)(Vas-Vbs)----------- (11) 

T2=Tbs-Tcs-------------------------------- (12) 

T2=(Ts/Vdc) (Vbs-Vcs) ---------(13) 

 

Where
Ts=sampling time period 

In sector one the imaginary switching time proportional to phase A(Tas) has minimum value and imaginary 

switching time proportional to phase C(Tcs) has minimum value and switching time proportional to phase B(Tbs) 

has either min or max value as shown below. 
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Fig.2 Illustration of imaginary switching States 

 

Switching times T1and T2 in each sector can be expressed as below: 

Tmax=max (Tas,Tbs,Tcs)--------(14) 

Tmid=mid (Tas,Tbs,Tcs)------- -(15) 

Tmin=min (Tas, Tbs,Tcs)---------(16), Thus 

T1=Tmax-Tmid------------------- (17) 

 T2=Tmin-Tmid ------------------ (18) 

Switching times for all sectors can be shown below table (2) 

Table-2 Calculation of Switching times in six sectors 

 S-I S-II S-III S-IV S-V S-VI 

Tmax Tas Tbs Tbs Tbs Tcs Tas 

Tmin Tcs Tcs Tas Tas Tbs Tbs 

T1 Tas- Tbs Tbs- Tas Tbs- Tcs Tcs- Tbs Tcs- Tas Tas- Tcs 

T2 Tbs- Tcs Tas- Tcs Tcs- Tas Tbs- Tas Tas- Tbs Tcs- Tbs 

 

IV. Common Mode Voltage Vcm 
According to switching states common mode voltage VCM is defined as: 

VCM = (Va0+Vb0+Vc0)/3  -----------------(19) 

Where Va0,Vb0,Vc0 are the inverter pole voltages.the  common mode voltage for the sectors[v1-v6] are shown in 

table (3). 

 

           
 
(a): Common mode vltage-CSVPWM  method                       (b):  Common mode vltage-AZSVPWM methods 

 

Fig (3): Comparison of common mode voltage in csvpwm method and azsvpwm methods 
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Able-3 Sector and Common mode voltages 

 

 
 

IV. Space Vector Pulse Width Modulation-Advanced Techniques 

V.I.Active Zero Pulse Width  Modulation 1 &2: 

In this method the classical active (adjacent) voltage vectors are complemented with either two near 

opposing active vectors[4].The switching states and vector representation are shown in Table(4) & Table (5) 

 
Table 4.Switching states and Vref or Vsample Calculation(CSVPWM and  AZSVPWM 1&2 ) 

 

 
Above table shows how to calculate the reference vector by using two active opposite voltage vectors 
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V.II. Active Zero Pulse Width  Modulation 3 &4: 
In this method one of adjacent states and its opposite vector with equal time to effectively create 

voltage vectors. The switching states and vector representation are shown in Table (5) . 

 
 

Table 5.Switching states and Vref or Vsample Calculation(CSVPWM and  AZSVPWM 3&4 ) 

 
 

V. Implementing SVPWM 
The block diagram  for proposed  PWM algorithams based direct torque controlledInduction Motor 

Drive is shown below Fig.3 in the  proposed method induction motor torque is controlled by controlling the 

inverter pole voltages by selecting appropriate switching states 

 
Fig 4: Block diagram of proposed PWM –DTC Algorithm 

 

VI. Simulation Results 
To validate the proposed PWM Algorithm, numerical simulation studies has been carried out by using 

MATLAB/SIMULINK.Here the results of CSVPWM and AZSVPWM techniques have been posted and 

compared for the following specifications of 3-phase,400V ,inductor motor drive. 

Rr=1.9;          

Rs=1.635;        

Lls=0.086;       

Llr=0.086;       
lm=0.243; 
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Fig.5. stator voltages of active zero space vector pulse width modulation 

 

 
Fig.6. Line to line voltages of active zero space vector pulse width modulation 

 

 
Fig.7. Common mode voltage for CSPWM method 

 

 
Fig.8. Common mode voltage for AZPWM method 

 

 
Fig.9. Speed curve of Induction Motor Drive 



CSVPWM AND AZSVPWM: A Comparative Approach For DTC VSI Fed Induction Motor Drive 

www.iosrjournals.org                                                             16 | Page 

 

 
Fig.10. Torque curve of Induction Motor Drive 

 

 
Fig.11.Shunt field current in quadrature axis 

 

VII. Conclusions 
This paper reviewed the complexity involved in calculating the reference vector in conventional space 

vector pulse width modulation and the simplicity involved in proposed algorithm. In this paper calculation of 

reference vector in both conventional and active zero space vector pwm method has compared in Table 4 & 5. . 

The common mode voltage Vcm has been reduced from Vdc /2 in csvpwm to Vdc/6 in the proposed active zero 
svpwm and the result has been compared in Fig 2. 
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