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__________________________________________________________________________________________

Abstract- This paper presents the design and implementation of a three-phase unity-power-factor single-stage ac–dc 

converter based on an interleaved fly back topology. The primary market target of the converter is within the 

telecommunications industry where it supplies high-quality dc power to the telecom loads and performs high-

capacity battery charging while providing zero harmonic emission and unity power factor to the utility grid. The 

main design objective is to produce the lowest cost within a small-size system. The study includes mathematical 

analysis and simulation steps where the optimum number of cells to be interleaved and the associated phase shifts 

among the cells are determined while the emphasis being on the design of a perfectly coupled fly back transformer. 

Design of a transformer with the lowest leakage inductance and selection of components providing the lowest 

parasitic effects are critical for obtaining high efficiency and good performance. 
A Matlab/Simulink based model is developed and simulation results are presented. 

 

Index Terms—Fly back converter, fly back transformer, interleaved converter, single-stage converter, unity-power-

factor rectifier 
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I.INTRODUCTION 

The harmonics drawn from the utility lines due to distorted current waveforms and the low power factor caused by 
these currents are important power-quality problems [1]–[4]. The common approach for the solution of these 

problems in high-power applications is to use two-stage power conversion schemes. The two-stage schemes employ 

a power-factor correction 

stage where harmonic currents are eliminated and another cascaded stage such as a dc–dc converter for generating 

regulated output with fast dynamic response and isolation. However, the cascaded converters increase the 

complexity of the system, and hence, the cost and the size of the product. For this rea-son, major research has been 

carried out for the development of less complex single-stage systems that provide the same performance as their 

two-stage counterparts [5]–[15]. Most manufacturers are still looking for realization of alternative systems that 

improve on the specifications of the products available today, but also offer lower cost, smaller size, and simpler 

control requirements with fast dynamic response. Studies have shown that the fly back-based converter topologies 

still have the most potential to achieve these demands since it offers the lowest component count, isolation, and the 
best control performance [4], [16], [17]. However, the research so far has considered the fly back topology being 

more feasible in low-power applications [18] mainly due to low efficiency caused by the leakage inductance of the 

fly back transformer and the parasitic effects that are more noticeable in high-power designs. Much work has been 

done to improve the efficiency in fly back-based systems [19]–[23]. 
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The main disadvantage of operation in DCM is the discontinuous current waveforms with high peaks both at the 

input and at the output of the converter. For this reason, a low-pass filter at the input and a capacitive smoothing 
filter at the output, as shown in Fig. 1, are needed to remove the high-frequency components of the current and to 

reduce electromagnetic interference (EMI). Additionally, DCM operation is known to cause low efficiency due to 

increased peak to average ratio of the current waveforms. All of these are true for high-power single unit designs, 

but a major improvement is possible when interleaving is employed [25]–[29]. Interleaving allows reducing the 

current peaks since the power is going to be equally shared among cells, 

and at the same time it reduces the discontinuity in the current waveform before and after the interleaving points, 

because the phase-shifted cells draw currents at different intervals of the switching period. 

 

 
 

 
Fig. 1. Circuit topology of the proposed two-cell interleaved converter. 

 

II. OPERATIONAL PRINCIPLES OF THE CONVERTER 

The energy conversion in fly back-based converters is performed indirectly using the magnetic components, which 

are the magnetizing inductance (Lm) of the fly back transformers shown in Fig. 1. The three controllable switches 

placed in series with the primary of transformers are operated simultaneously using the same gate pulse. Because of 

the DCM operation, every time the switches are turned on, the primary winding current and also the flux in the core 

starts from zero and increases almost 

linearly to a maximum. During this mode, energy is stored in the magnetizing inductance of the fly back 

transformer, and no current flows to the secondary side due to the diodes at the output, during this time the load 

power is supplied by the output capacitor Co . The energy transfer to the output occurs during the off time of the 

switches, and no energy is drawn from the source. The energy stored in the magnetizing inductances of each phase is 

transferred to the output through the fly back transformer secondary windings and the three-phase rectifiers. The 
ripple at the output voltage caused by the rectified secondary currents is smoothed out by the capacitor Co. 

 
III. ANALYSIS OF THE CONVERTER 

Performing the analysis only for one phase and over the half cycle of the input voltage, as shown in Fig. 2 is 

adequate to derive the necessary design equations. Voltage van in Fig. 2 represents the theoretical line-to-neutral 
input voltage, which is a pure sinusoidal waveform and equal to van (t) = ˆ Van sin ωt. Current iap is the 

instantaneous fly back transformer primary winding current. Due to the DCM operation, the waveform is composed 

of triangular pulses having a fixed repeating period and a fixed base width. Lastly, current ia is the instantaneous 

average of iap , which is the theoretical current to be drawn from the utility line. 
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Fig. 2. Theoretical waveforms of the input voltage (van ), the flyback transformer primary winding current (iap ), and its instantaneous average 

(ia ). 

 

Fig. 3 shows the waveforms of transformer primary voltage vp , the primary current iap and the secondary side 

current ias referred to the primary side over a switching period when the input voltage van is at its peak. The sum of 
these two currents gives the flyback transformer magnetizing current, im = (iap + N2/N1 ias). Since we have 

assumed the change in the input voltage during switching period is negligible, the change in the magnetizing current 

is drawn linearly. As shown in Fig. 3, a small dead-time region can be added every time after the secondary current 

is brought to zero to guarantee DCM operation under abnormal conditions. 

     
 

Fig. 3. Waveforms of the transformer primary voltage vp , the transformer primary current iap , and the secondary current ias referred to the 

primary side. 

 

Fig. 4 shows the primary current iap and its average _iap _ Ts over one switching period. The average of the 

primary current when van is at its peak gives the magnitude of the sinusoidal current drawn from the utility 

line, which is ˆIa . 

 

 
 

Fig. 4. Transformer primary current iap over a switching cycle and its cycle based average ˆIa . 
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IV. MATLAB/SIMULINK MODEL AND SIMULATION RESULTS 

 
Fig.5 Matlab/Simulink model of BLDC drive 

 

Fig. 5 shows the Matlab/Simulink model of proposed converter with BLDC drive. Here the BLDC motor is supplied 

with PWM Inverter. 

 

 
Fig.6 DC output voltage 

 
Fig.7 AC side input current 
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Fig.8 Enlarged Input current wave 

 

 

 
Fig.9 Supply voltage and supply current 

Fig.6 shows the Dc output of flyback converter. Fig.7 and 8 shows the input current wave form, Fig. 9 shows the 

supply voltage and supply current. Here it is clear that input power factor is unity. 
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Fig.10 Current , speed and torque of BLDC 

 

Fig.10 shows the current, speed and electromagnetic torque of BLDC motor drive. 

 

V. CONCLUSION 

 

This paper has presented the design and the Simulation of a three-phase unity-power-factor single-stage ac–dc 

converter based on the interleaved flyback topology operated in DCM. The main design objective is to implement a 
commercially competitive solution to multistage and complex converter structures in the telecom rectifier 

applications. The study included mathematical analysis and simulation steps where the optimum number of cells to 

be interleaved is determined. The requirements such as low cost, small size, high efficiency and good performance 

have yielded three cells interleaving as the optimum. Finally Matlab/Simulink model is developed and simulation 

results are presented. 
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