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Abstract— This research has been motivated by industrial demand for single phase PWM rectifier in traction application and 

for driving a three phase motor from a single phase ac supply. The front end for the system is a single phase full-bridge 

IGBT converter along with an ac reactor. The source reactor is used as a boosting element, hence an high dc voltage can be 

obtained. The reactor design considerations for the single-phase front end converter are explained. The machine side 

converter is a high switching frequency IGBT three phase PWM inverter, which is controlled using direct torque control 

along with Space vector PWM. The proposed SVM based DTC reduces torque ripples and preserve DTC transient merits 

such as fast torque response. The basis of the SVM-DTC methodology is the calculation of the required voltage space vector 

to compensate the flux and torque errors and its generation using the SVM at each sample period. The performance of this 

method is demonstrated by simulation using Matlab/Simulink software. Simulation results presented in this paper show the 

single-phase ac to dc and dc to three-phase ac conversion, with torque response and flux linkage. 
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I. INTRODUCTION 
 
At the beginning of the 1970’s, the research and development of electric traction schemes of an electric 

locomotive with the traction voltage 15 kV/16.7Hz (Germany, Switzerland, Austria, Sweden, Norway) and 25 

kV/50Hz (France, Spain, etc) has been oriented almost exclusively to implementation of a three-phase induction 

motor as an electric traction motor which had replace a contact DC traction motor with series and separate 

excitation. Gradually, the traction AC single-phase voltage has been reduced by a traction vehicle transformer 

with voltage transfer which allows to generate a DC-link voltage for traction frequency converters to supply the 

three-phase induction traction motor with nominal line-to-line voltage (approx. 2–2.2 kV). Since green energy 

and reducing carbon emission is gaining more and more public awareness, there is more investment into the 

development of new energy. Therefore, there will be many applications on DC/DC, DC/AC, AC/DC/AC, three-

phase AC / DC / three-phase AC converters [1-6]. Generally speaking there are two stages to realize the power 

conversion system of single-phase to three-phase. The first stage is AC/DC rectifier circuit [7], which 

transforms AC energy into the DC energy. The Second stage is DC/AC inverter circuit [8], which converts DC 

power into three-phase AC power to supply the load.  

 
Fig.1. IGBT rectifier/inverter system 

 

The front-end converter feeding a PWM inverter, should, ideally, regulate the dc link voltage, draw sinusoidal 

current from the ac mains, without drawing reactive power, and should have bidirectional power flow capability 

[9]. A PWM type front-end converter with an ac reactor at the ac input side meets all the requirements and has 
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been used as a voltage source for PWM inverters driving ac motors. There are applications, including single-

phase ac traction, where operation from a single-phase supply is of Interest and techniques of control in this 

context have been reported.  

The ac motor drive system is shown in Fig. 1. The front-end for the system is a full-bridge IGBT PWM inverter 

with an ac reactor. The machine side converter is a high switching frequency IGBT three phase PWM inverter. 

The complete system operates from single-phase mains 

II. PWM RECTIFIER 
 

 
Fig.2. Structure of a single phase rectifier. 

  

The PWM single phase rectifier consists of 4 IGBTs connected in full bridge manner as shown in Fig. 2. The 

source power is supplied through a 1:1 isolation transformer Tr and the input inductance Ls. The output DC link 

voltage Vdc is filtered by capacitor C and fed into a 3-phase inverter that drives the traction. Supplied voltage 

Vs and the voltage at the rectifier input Vr are sinusoidal waveforms separated by the input inductance. 

Therefore the energy flow depends on the angle between these two phases. 

 

III. REACTOR DESIGN CONSIDERATION OF SINGLE-PHASE FRONT-END CONVERTER 

 

The single-phase front-end converter shown in Fig. 1 consists of a full-bridge inverter using IBGTs, with an ac 

input side. The inverter operated in the PWM mode with sine-triangle modulation. The supply voltage Vs and 

the fundamental component Vr of the output voltage, Vr (t) at the ac terminals of the inverter are two sinusoidal 

voltages separated by a reactor. The power flow therefore depends on the phase angle displacement between the 

two voltage phasors. The phasor diagram is shown in Fig.3. 

  
 

Fig.3. Phasor diagrams of front-end convener (a) Lagging power factor (b) UPF forward power flow (c) UPF reverse power flow. 

Power transferred from the source to the converter ac terminals is given by 

 

Psr = ((Vs * Vr)/Xs) sin δ 
                                          = Vs  Is  cos ϕ 
Where 

Vs  RMS value of the ac supply voltage (V). 

Vr RMS value of the fundamental component of the 

    Voltage generated at the ac terminal of the inverter (V). 
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δ Phase-angle displacement between voltage phasors 

   Vs and Vr. 

Xs Reactance of the ac reactor at 50 Hz (Ω) 

ϕ  Power factor angle. 

If the dc link voltage Vdc is to remain constant then the input and output powers must be balanced. From the 

phasor diagram of Fig.3.a:ϕ 

 

Is cos ϕ = Vr sin δ / Xs.                                               (1) 

Is sin ϕ = (Vs - Vr cos δ) / Xs.                    (2) 

 

If the reactive power drawn from the mains is to be zero, then the power factor must be unity. Hence from (1) 

and (2): 

 

Is Xs = Vr sin δ                                       (3) 

    Vs = Vr cos δ                                        (4) 

 

The phasor diagrams at unity power-factor operation for forward and reverse power flow are shown in Fig. 3(b) 

and (c), respectively. From (3) and (4): 
 

                                        (5) 

Under full-load conditions 
 

                                                  (6) 

Where 

                                                    (7) 

IsFL full load rms ac current assuming unity power- Equation (6) implies that Vr is greater than Vs by a factor 

          known as the boost factor. Typically for traction application the reactor is designed by keeping 

Xpu = 0.6(, i.e. 60%) and obtaining IsFL  from data sheet of an Three-phase induction motor under full load 

condition and supply voltage Vs the reactance of the source reactor can be calculated using equation 7. 

The dc link voltage is decided by the line-to-line voltage rating of the motor. The dc link voltage together with 

the full-load power decides the voltage and current ratings of the power devices to be used. From the previous 

discussion the magnitude of Vr varies between a minimum of Vs to a maximum of Vs *            This 

maximum value of Vr is decided by the maximum value of the phase separation δ which occurs under full load 

condition.  

 

IV. PRINCIPLE OF SPACE VECTOR MODULATED DTC SCHEME 

The functional blocks used to implement the DTC scheme in an induction motor is shown in Fig.4. Single phase 

AC supply is given to the single phase rectifier through 1:1 isolation transformer and source reactor Xs, which 

produces a high DC voltage. A high value dc link capacitor is used to reduce the ripple content in the DC 

voltage. The filtered DC is the power supply to the inverter switches. The IGBT inverter switches are controlled 

by the direct torque control algorithm. The output of the inverter is connected to the stator terminals of induction 

motor. Instead of the switching table and hysteresis controllers, a PI controller and numeric calculation are used 

to determine the duration time of voltage vectors, such that the error vector in flux and torque can be fully 

compensated. Two proportional integral (PI) type controllers regulate the flux and torque error. Since the 

controllers produce the voltage command vector, appropriate space voltage vector can be generated with SVM 

and fixed switching frequency can be achieved.. The output of the PI flux and torque controllers can be 

interpreted as the reference stator voltage components in d-q co-ordinate system. These dc voltage commands 

are then transformed into stationary frame (α-β), the command values Vα, Vβ are delivered to SVM block. The 

SVM block performs the space vector modulation of Vs to obtain the gate drive pulses for the inverter circuit. 
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Fig.4 Schematic of DTC-SVM 

 

A. Torque and Flux Estimator 

 

The feedback flux and torque are calculated from the machine terminal voltages and currents. The computation 

block also calculates the sector number in which the flux vector lies. The phase voltage and currents in 

stationary reference are given as 

 

Vsα = Va and Vsβ = (-1/     * (Va +2Vb)                                                                                                    Isα = Ia and 

Isβ = (-1/     * (Ia +2Ib) 

The components of stator flux is given by  

  α =     α        α     
  β =     β        β     

The magnitude of the stator flux can be estimated by  

   =   α    β  

The flux vector zone can be obtained using the stator flux components. By using the flux components, current 

components and IM number of poles, the electromagnetic torque can be calculated by 

 

Te = (3/2)*(P/2)*(    α    β     β    α  ) 

 B. Space Vector Modulation 
 

Space Vector Modulation (SVM) Technique has become the most popular and important PWM technique for 

three-phase Voltage Source Inverters (VSI) for the control of AC motors. It has been shown to generate less 

harmonic distortion in the output voltages and or currents applied to the phases of an AC motor and to provide 

more efficient use of supply voltage .The SVM technique is used to create a reference vector by modulating the 

switching time of space vectors in each of the six sectors shown in Fig. 5. The space voltage vector is produced 

by two active vectors, and null vectors. 
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Fig.5 Switching vectors and sectors 

 

Space vector PWM can be implemented by the following steps: 

1)  Transform 3-phase to 2-phase quantity and determine Vs and angle δ. 

2)  Determine time duration T1, T2 and T0: 

In this modulation technique the three phase quantities can be transformed to their equivalent 2- phase quantity 

in stationary frame. 

The magnitude of reference vector used for modulating inverter output is,  

            

Angle is calculated as, 

 

α = tan-1  (   β    α  ) 
3)  Determination of time duration T1, T2 and T0: 
In Fig.5 reference space vector Vs is in sector 1 is generated as a combination of active vectors V1 and V2 and 

zero vector V0/V7. T1, T2 and T0 is the time duration for which vector V1, V2 and V0.By applying volt-sec 

balance, 

 

Vs*Tz = V1T1+V2T2+V3T3 
 

Vs*cos α*Tz = (2/3) (Vdc*T1) + (2/3) (Vdc*cos (π/3)*T2) 
 

Vs*Sin α*Tz = (2/3) (Vdc*sin (π/3)*T2) 
 

By solving the above equations, time T1, T2 is obtained as 

 

T1=Tz*α       
π

 
 – α)/ (      

π

 
    

 

T2=Tz*α      α)/ (      
π

 
   

and 

T0= Tz – (T1+T2) 
 

Where TZ denotes half the switching period TS and 

 

α = Vs/ ((2/3)*Vdc) 

. 

 

V. SIMULATION AND RESULTS 

 

The Single phase rectifier and SVM-DTC scheme for induction motor are simulated using Matlab/Simulink 

with their respective results. The motor parameters used for simulation are given. 
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TABLE I 

Motor parameters 

Power 1.1 kW 

Supply voltage 415V 

Frequency 50Hz 

Stator resistance .Rs 6.03ohm 

Rotor resistance Rr 6.085ohm 

Stator self inductance  Ls 29.9mH 

Rotor self inductance  Lr        29.9mH 

Mutual inductance 483.3mH 

Moment of intertia J 0.011787kg.m2 

 

 

A. Simulink Model of single phase ac rectifier 

 
The simulation of single phase rectifier is shown in figure.6.The supply voltage is given to 1:1 isolation 

transformer and IGBT switches are controlled using SPWM. The single phase ac of 230v rms is converted into a 

dc voltage around 545v. The switching operation is carried out such that the source reactor acts as a boosting 

element. 

  

Fig.6 Simulink model of single phase rectifier 

B. Simulink Model of Space Vector Modulated Direct Torque Control 

 

The estimation of flux and torque is done from the motor parameters such as phase voltage and phase currents. 

The torque and flux estimator block is shown in Fig7 
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Fig.7 Simulink model of Torque and Flux Estimator. 

 

The simulation block of the DTC-SVM control scheme is shown in Fig.8.The system is composed of the motor, 

three phase voltage source inverter, PI controllers, reference frame transformation blocks etc. The IGBT 

switches are controlled using space vector modulation technique. 

 
Fig.8 Simulink Model of Single-phase ac to three-phase ac converter using DTC-SVM 

 

C. Simulation Results 
 

1) Single-phase ac to dc converter:  

The single-phase rectifier input and output voltages waveforms are shown in Fig 10-13. The Supply voltage is 

230 Vrms (325.25V, 50Hz). The Transformer output voltage of 228 Vrms (322V, 50Hz) was obtained. Voltage 

generated at the ac terminal of the rectifier is converter into a DC voltage of 544V. 
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Fig.9 single phase  supply voltage (230Vrms,50Hz) 
 

 
 

Fig.10 Transformer output (228Vrms) 
 

 
 

Fig.11 Voltage generated at the ac terminal of the converter 

 

 
 

Fig.12 Rectifier output voltage (i.e. DC voltage of 544(V)) 

 

2) DTC-SVPWM:  

The Torque and flux controllers were designed using Symmetry Criterion Method. The torque controller gain is 

tuned for better torque response. Fig 14-16 shows response for selected controller gain Kp .The electromagnetic 

torque settles to reference value of 3.5 Nm with a reference value of flux 0.8Wb. 
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Fig.13 Torque response for selected controller gain Kp = 1 

 

 
 

Fig.14 Torque response for selected controller gain Kp = 10 

 

 
  

Fig.15 Torque response for selected controller gain Kp = 40 

 

 
Fig.16 Flux Trajectory of SVM-DTC 
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Fig.17 Three-phase Stator current waveform.  

 

VI. CONCLUSION 

This project has reviewed single phase ac to dc using SPWM and dc to three phase ac using DTC-SVPWM. The 

DTC represents a viable alternative to Field Oriented Control (FOC) being also a general philosophy for 

controlling the AC drives Constant switching frequency SVM-DTC schemes improve considerably the drive 

performance in terms of reduced torque and flux pulsations, reliable start up and low speed operation, well-

defined harmonic spectrum as well as radiated noise. Therefore, SVM-DTC is an excellent solution for Traction 

application as they can operate at low speed and at desirable load torque. Also they can be used for general 

purpose IM drives in a very wide power range. In conclusion, it is believed that the DTC principle will continue 

to play a strategic role in the development of high performance drives. 
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