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Abstract– This paper presents the new topology of three phase on line Uninterruptible Power 

Supply (UPS) by employing T-Source Inverter (TSI) with maximum constant boost Pulse Width 

Modulation (PWM) control and the results are compared with the conventional Uninterruptible 

Power Supply (UPS). The conventional UPS consists of Voltage Source Inverter (VSI) with step 

up transformer or DC-DC booster which decreases the efficiency and increases energy conversion 

cost. The proposed three phase UPS with TSI has the voltage boost capability through shoot 

through zero state which is not present in the conventional VSI. This proposed UPS increases the 

efficiency due to single stage conversion, reduces the harmonics, increases the voltage gain and 

reduces the voltage stress. The performance of the three phase on-line UPS with TSI is simulated 

in MATLAB / SIMULINK software and the results are compared with conventional UPS. The 

simulation and the theoretical analysis are validated with experimental results.           
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1. INTRODUCTION 
 

The purpose of implementing uninterruptible power supply (UPS) is to provide clean and uninterrupted 

high quality power to sensitive loads like life supporting systems, medical instruments, communication 

systems, data centers, industrial control units and computers [1-3]. Regardless of quality of the AC input, 

UPS system provides uninterrupted, reliable, distortion free, high quality power [4]. There are two types 

of conventional UPS. The first type of UPS consists of rectifier, battery, inverter and step up transformer 

[5]. The second type of UPS consists of rectifier, battery, DC-DC booster and inverter [6-8]. The control 

of switches in the booster circuit is complicated, efficiency is decreased and cost is increased due to the 

equipment used for increasing the voltage. Conventional VSI can only buck the input voltage. In VSI, the 

switches in the same lag are not switched on simultaneously, hence to avoid shoot through the dead time is 

introduced which leads to waveform distortion [9].   

Professor Zhi Jian Zhou in 2008 [10] proposed Z-source inverter for the single phase UPS. This 

method offers the following advantages: 1) buck- boost operation 2) step up transformer and dc-dc booster 

is not required 3) output voltage distortion is less. But in ZSI the voltage stress in the switches is high and 

more L&C components are used. These drawbacks are eliminated in TSI. In this paper a new topology of 

UPS is proposed using T-Source inverter with maximum constant boost PWM control. The proposed UPS 

offers the following advantages: 1) Buck and boost operation 2) Less THD 3) Voltage stress is minimized 

4) Fewer Components 5) High efficiency. The overall circuit diagram for the three phase on-line UPS with 

T-Source inverter is shown in Fig. 1. 
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Fig. 1. T-source inverter for the proposed UPS 

 

2. MODELING OF TSI CIRCUIT 

DC-DC input stage in boost type voltage source inverter is replaced by ‘X’ shape LC network in ZSI [11-

12]. To reduce the number of LC components, the coupled inductors are designed on a common magnetic 

core [13]. In TSI high frequency low leakage inductance transformer and one capacitor is used instead of 

LC lattice in ZSI, which is shown in Fig. 1. 

a) Operating modes of TSI 

T-Source inverter utilizes the shoot through zero state to boost the output voltage. During shoot 

through state, switches in the same leg are turned on simultaneously. TSI can be operated in two operating 

modes, namely active mode and shoot through mode [13]. Active mode is also called non shoot through 

mode. During active mode the input voltage appears across the capacitor and the diode is forward biased 

and conducts. During shoot through mode the output voltage is boosted and the inductor limits the current 

ripple and the voltage across the load is zero. The TSI equivalent circuits during shoot through mode and 

active mode are shown in Fig. 2a and 2b.  
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(a)                                                                                 (b)         

Fig. 2. T-Source inverter in (a) Shoot through (Tshoot) state   (b) active (Tactive) state 

b) Boost factor and voltage stress of TSI 

Switching period Ts = Tshoot + Tactive                  (1) 
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Tshoot :  Shoot through time period 

Tactive :  Active time period 

For the switching period Ts the average voltage across the transformer inductances is zero [13].  

 - 0V T V T V V n Tactive inputL C Cshoot
   
  

                           (2) 

The capacitor voltage and output voltage are functions of shoot through duty ratio d. 

sd T Tshoot                      (3) 

     
 

1
. 1 1 1 . ;

1
inputV V T T nT d n d dactive activeC shoot n

         
         (4) 

The maximum value of d for TSI with n > 1 is smaller than the ZSI. Hence the same output voltage 

can be obtained with smaller shoot through time period [13]. 

Using (5), VDC during non shoot through state can be obtained. 

   / 1 1 .DC C C input inputV V V V n V n d                                      (5) 

By substituting (4) into (5) 
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The output peak voltage of the inverter is given by, 

   = M.B.Vac dc inputV M V                                                (8)   

  From (8), the voltage gain of the T-Source inverter can be expressed as  

ac

input

V
G MB

V
                                                             (9)     

Thus, any desired output voltage can be obtained by properly selecting the boost factor (B) and the 

modulation index (M) regardless of the battery bank voltage. 

The voltage stress Vstress across the switches in TSI can be expressed as [14-16] 

stress inputV BV                                                       (10) 

 

3. MAXIMUM CONSTANT BOOST PWM CONTROL 

In this paper maximum constant boost control method is used for the TSI, which gives the maximum 

voltage gain by keeping the shoot through duty ratio constant. The shoot through duty ratio is maintained 

as constant in order to reduce the cost and volume [17-18]. To reduce the voltage stress across the 

switches a great voltage boost is desired for any modulation index. The reference signals VR, VY, VB which 

are obtained from the closed loop controller are compared with carrier signal Vtri and the shoot through is 
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produced by two shoot through envelope signals Vpos and Vneg. The inverter is in shoot through state when 

the carrier wave is greater than the upper shoot through envelope Vpos (Vtri > Vpos) or the carrier wave is 

lower than the lower shoot through envelope Vneg (Vtri < Vneg) [17].  The signals Vpos and Vneg are 

periodical curves and the frequency is three times the output frequency. The shoot through duty ratio 

should be the same for the switching cycle in order to maintain a constant boost, because the boost factor 

depends on shoot through duty ratio (d). This proposed control method provides the maximum constant 

boost and minimizes the voltage stress. 

 

4. CLOSED LOOP CONTROLLER FOR PROPOSED UPS 

Closed loop controller is designed to achieve distortion free output voltage, voltage tracking and 

disturbance rejection [19-20]. In the proposed UPS system shown in Fig. 1, the output ac voltage is 

controlled by varying the modulation index M. The voltage and current equations for inverter ac side is 

obtained using Kirchoff’s voltage law and current law for each phase.  

There are two control loops in the proposed UPS. They are inner current control loop and outer 

voltage control loop [20]. Capacitor current measurement is taken as the feedback current and load current 

is taken as disturbance current. The proportional controller is included to obtain the desired bandwidth. 

The outer voltage control loop is used to achieve proper voltage tracking. PI controller which is connected 

in series is to remove the steady state error and to get good reference tracking and disturbance rejection 

[21].  

 

5. RESULTS AND DISCUSSION 

The proposed TSI for 3 phase on line UPS with maximum constant boost control technique was simulated 

using MATLAB/simulink software. Twenty 12 V lead acid batteries are connected in series in this UPS, 

so the input battery bank voltage is 240 V. The operating parameters given in Table 1 were chosen for the 

simulation of the proposed UPS.  

 

Table 1. Operating Parameters of the proposed UPS 

Parameter Value 

Input DC voltage 240 V 

T-Source inductance 0.01 mH 

T-Source capacitance 48 μF 

Switching frequency 5 kHz 

Power factor 0.8 

Load  5 kW 

Boost factor 1.8 

Modulation index 0.8 

Figure 3 shows the maximum constant boost PWM control and the switching pulses for the switches 

in TSI. Figures 4a and 4b show the output phase voltage (peak-peak) and the output phase current (peak-

peak) with filter. The peak value of output phase voltage of the proposed UPS is 330 V and the output 

frequency is 50 HZ. The peak value of output phase current of the proposed UPS is 14 A. The output 

voltage THD and current THD is less than 1%. 
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Fig. 3.  Maximum constant boost control and Switching Pulses 
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(a)                                                                             (b) 

Fig. 4. (a)  Output Phase Voltage (Peak-Peak) (b) Output Phase Current (Peak-Peak) 

Experiment was conducted to verify the theoretical and simulation analysis and confirm the proposed 

UPS. Figure 5a shows the experimental setup of the proposed UPS. Figure 6a shows the experimental 

waveform of output RMS phase voltage of the proposed UPS. From the figure it is evident that the output 

voltage of the proposed UPS follows pure sine wave and harmonics are reduced. Figure 6b shows the 

output RMS phase current of the proposed UPS.  
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Fig. 5. (a) Experimental setup of the proposed UPS (b) Output voltage THD comparison 

               
(a)                                                                                (b) 

Fig. 6. Experimental waveforms of (a) output RMS phase voltage (b) Output RMS phase current 

The proposed UPS is efficient when compared to the traditional UPS because of its single stage 

conversion and fewer components. From the Fig. 5b it is evident that the output voltage THD of proposed 

UPS with TSI is less than the traditional UPS. This increases the power quality of the proposed UPS. 

 

6. CONCLUSION 

In this paper, a new topology of three phase on-line UPS with TSI has been presented. The simulation of 

the proposed UPS is carried out for different loading conditions and the results are validated with 

experimental results. The comparison of proposed UPS with TSI is done based on power quality, 

efficiency and cost efficiency with the traditional UPS based on step up transformer, dc-dc booster and 

ZSI. The output voltage THD and current THD of the proposed UPS are less than the traditional UPS. The 

conduction losses in the switches and also the voltage stress are reduced in this proposed UPS. The 

efficiency of the proposed UPS with T-Source inverter based on maximum constant boost control is 

higher than the traditional UPS.  
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