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Abstract— This letter proposes a new intelligent 

semiconductor transformer (IST) which consists of a 

bidirectional ac/dc resonant converter, dc/dc converter, and dc/ac 

converter. This structure pro-vides good voltage-balancing 

performance on the high-voltage side and a simple control 

method for bidirectional power flow. The pro-posed IST was 

verified though building and testing a single-phase 2 kVA (1.9 kV 

/127 V ) prototype. A three-phase  transformer  can be 

implemented with three units of the proposed IST. 

Keywords— AC/DC resonant converter, bidirectional power 

flow, hybrid switching, input voltage balancing, intelligent semi-

conductor transformer (IST). 

I.  INTRODUCTION  

THE intelligent semiconductor transformer (IST) was pro-

posed by the Electric Power Research Institute (EPRI) to 

replace the conventional transformer in railway systems where 

light weight is critical [1], [2]. IST can easily solve this 

problem because it operates at a much higher frequency with 

the reduc-tion of magnetic components. Various kinds of IST 

proposed previously have disadvantages, such as 

unidirectional power flow and complex control of a high-side 

converter for balancing the dc voltage [3]–[5]. In this letter, a 

new IST with bidirectional power-flow capability is proposed. 

II. SYSTEM CONCEPT  

Fig. 1 shows a conceptual diagram of the proposed IST, which 

is composed of a bidirectional ac/dc resonant converter, dc/dc 

converter, and dc/ac converter. In the proposed IST, a single-

phase input voltage of 1900 V is converted to a full -bridge-rec-

tified voltage of 320 V through the bidirectional ac/dc reso-nant 

converter with a fixed duty ratio. The full-bridge- rectified 

voltage is converted to the constant dc voltage of 700 V through 

the bidirectional dc/dc converter with a variable duty ratio. The 

constant dc voltage is converted into a single-phase voltage of 

127 V through the bidirectional dc/ac converter.  
One key issue of IST is system efficiency. The dc/dc con-

verter and dc/ac converter operate in a hard -switching pattern, 

while the ac/dc resonant converter operates in a soft-switching 

pattern. In order to reduce the switching losses, the dc/dc con-

verter and dc/ac converter utilize the hybrid-switching scheme. 

 

 

 

 

 

Fig. 1. Power circuit for the proposed  IST 

 

 

 

 

 

 

 

 

 

 

Fig. 2.  AC/DC resonant converter and switching scheme. 

 

III. SYSTEM STRUCTURE 
 

Fig. 2 shows the bidirectional ac/dc resonant converter of the 

proposed IST, which is a half- bridge resonant converter with a 

voltage -double rectifier. This converter adopts back -to-back 

switches in the primary side to operate under ac input voltage. 

The primary side is connected in series to reduce the voltage 

stresses in the primary switches, while the secondary side is con-

nected in shunt to reduce the current stresses in the secondary 

switches. The circuit parameters are described in Table I. Three 

resonant converters, which operate with 50-kHz switching, are 

connected in series to handle the input voltage of 1900 V.  
The voltage balancing in the primary switches can be easily 

accomplished because the input- to-output gain of each con-
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verter module is determined only by its transformer -turn ratio 

 if the resonant frequency  is equal to the switching 

frequency  . This structure offers bidirectional power flow 

according to its input and output conditions so that the inten-

tional bidirectional control is not needed.  
As show in control signals in Fig. 2,  and  are used for 

the high-frequency chopping during the positive half cycle of line 

voltage and  and  are used during the negative 

 
TABLE I 

SELECTED DEVICES AND KEY PARAMETERS 
 

 

IV.  

V.  

VI.  

VII.  

VIII.  

IX.  

X.  

XI.  

FIG. 3.  DC/AC CONVERTER STAGE AND HYBRID-SWITCHING SCHEME 

half cycle. To make a current path for zero- voltage 

switching(ZVS) operation, primary switches should be in the 

conducting state when they are not in switching operation.  

and  always operate under an entire line cycle because they 

are used like a rectifier’s line frequency ac voltage as well as  

the resonant frequency ac voltage.  
Fig. 3 shows a circuit diagram for the bidirectional dc/dc 

and dc/ac converter, which has a typical structure comprised 

of two half-bridge converters. In order to reduce the switching 

loss, metal–oxide semiconductor field-effect transistor 

(MOSFET)- assisted insulated- gate bipolar transistor (IGBT) 

switching, which is called hybrid-switching, was adopted. 

Generally, IGBT has a longer tail current during the turn-off 

process than the MOSFET. The IGBT is responsible for turn-

on and the conduction period, while the MOSFET is for the 

turn -off period by using a short gating pulse just after the turn 

-off of IGBT [6]. So both converters can operate with 25-kHz 

switching. 

 

XII. EXPERIMENTAL RESULTS 

In Fig. 4(a), the left graphs show the input voltage, input 

current, resonant current, and rectified voltage of the ac–dc 

resonant converter in the high- voltage side during the forward 

power flow. And the right graphs show the input voltage, 

input current, output voltage, and output current of the dc–ac 

converter in the low -voltage side during the forward power 

flow. In Fig. 4(b), the left and right graphs show the same 

voltages and currents as explained in Fig. 4(a) during the 

reverse power flow. The measured voltages and currents confi 

rm that the proposed IST operates properly. The total 

harmonic distortions (THDs) of the input voltage and current 

and the output voltage and current are less than 5%.  
In Fig. 4(c), the first waveforms are the input voltage and 

current, and the rectified voltage. The second waveforms show 

the rectified voltage and current. The third waveforms show the 

 

 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

 

Fig. 4.  Operation analysis: (a) forward power flow, (b) reverse power 

flow, and  
(c) input voltage sag in forward power flow. 

 

or full quotation. When quotation marks are used, instead of a 

bold or italic typeface, to dc-link voltage, the output voltage, 

and the output current in the forward power flow when voltage 

sag occurs. The input current and the rectified current slightly 

increase during the sag period to maintain constant output 

power. The dc-link voltage is maintained with 700 V through 

the voltage control of the dc–dc converter. The output voltage 

and current are maintained as a constant value regardless of 

the input voltage sag. According to the loss analysis results, 

the proposed IST has rather lower efficiency. The measured 

efficiency and the power factor in the forward power flow 

were 82% and 0.99, respectively, and those in the reverse 

power flow were 80% and 0.97, respectively. So the efficiency 

has to be improved. One solution could be to re-place the 

IGBT switches with the SiC MOSFET. But cost is still a 

burden. 
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XIII. CONCLUSION  

This letter proposes a new IST. This structure provides good 
voltage -balancing performance on the high-voltage side and a 
simple control method for bidirectional power flow. The pro-
posed IST was verified though building and testing a single-
phase 2-kVA (1.9 kV /127 V ) prototype. The measured 
efficiency is rather low up to now. Future work will focus on 
efficiency improvement. 

REFERENCES 

[1] Elect. Power Res. Inst., Palo Alto, CA, USA, “Feasibility assessment for 
intelligent universal transformer,” EPRI Rep. TR-1001698, 2002.  

[2] J. S. Lai, A. Mania, and F. Goodman, “Performance of a distribution 
intelligent universal transformer under source and load disturbances,” in 
Proc. IEEE Ind. Appl. Soc. Conf., 2006, pp. 719–725.  

[3] S. H. Liu, J. M. Kim, and H. Li, “Distributed digital control of modular-
based solid-state transformer using   ,” IEEE Trans. Ind. 
Electron., vol. 60, no. 2, pp. 670–680, Feb. 2013.  

[4] Zhou and A. Q. Hua, “Design and development of generation-I sil-icon 
based solid state transformer,” in Proc. IEEE APEC, 2010, pp. 1666–
1673.  

[5] R. Nicole, “Title of paper with only first word capitalized,” J. Name 
Stand. Abbrev., in press. 

[6] J. Y. Lee, Y. S. Jeong, and B. M. Han, “A two-stage isolated/bi-direc-
tional DC/DC converter with current ripple reduction technique,” IEEE 
Trans. Ind. Electron., vol. 59, no. 1, pp. 644–646, Jan. 2012.  

 

1453

Vol. 3 Issue 4, April - 2014

International Journal of Engineering Research & Technology (IJERT)

IJ
E
R
T

IJ
E
R
T

ISSN: 2278-0181

www.ijert.orgIJERTV3IS041565

International Journal of Engineering Research & Technology (IJERT)


