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Abstract - A new three-phase three-wire boost-type 
power factor corrector (PFC) which draws sinusoidal 
input currents in phase with the corresponding input 
phase voltages is proposed and analyzed in this paper. 
In the proposed topology, three AC switches are 
placed before the bridge rectifier and respectively 
across two power lines. A novel control scheme 
combining space-vector modulation and hysteresis 
current control is presented. Sinusoidal input line 
currents are observed in simulations. 

I. INTRODUCTION 

Off-line switch-mode AC/DC and AC/DC/AC 
power converters have historically employed full-wave 
bridge rectifiers and bulk capacitor filters to power the 
unregulated DC buses. The input line current is a narrow 
pulse with rich harmonics resulting in poor power factors. 
This dramatically increases the utility transmission power 
losses and causes harmonics pollution of power lines. 
Moreover, larger rating power devices must be used to 
encounter the higher peak currents. Consequently, active 
power factor correctors (PFC) have gained increasing 
interests of research recently for improving the power factor 
deterioration. 

The PFC's can be classified into two groups: 
single-phase PFC's and three-phase PFC's. Owing to its 
simple control design and exccllcnt performance, 
single-phase boost-type PFC's have made their popularity in 
applications where the power rating is small (< 2 kW) [ 1,2]. 
Ho\vever, in large po\ver applications, three phase boost-type 
PFC's nith high power handling capability are dominant. 
Conventionally, a three-phase boost-Qpe PFC [3,4 ] consists 
of six switches with anti-paralleled diodes as shown in Fig. 

1. 
complex since six switches must be controlled individually. 

The operational principle and the control design are 
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Fig. 1. Conventional three-phase boost-type power factor 
corrector. 

Recently, a three phase PFC with space-vector 
modulation is proposed [ 5 ] .  Each period of the input phase 
voltage waveforms are divided into six 60-degree intervals. 
For each phase voltage, no sign change occurs in one 
interval. Excellent power factor can be obtained by 
controlling only two of the three inductor currents in each 
interval. But this control scheme is complicated and high 
speed microprocessors are required. 

Three-phase PFC's adopting simple hysteresis 
current control are also discussed [6,7]. It is capable of 
drawing nearly sinusoidal current waveforms in phase with 
corresponding input phase voltage. The major problem of 
the hysteresis control is that its switching frequency varies 
with the DC load current and the hysteresis band width. 

In this paper a new three-phase boost-type power 
factor correction topology is proposed as shown in Fig. 2. 
Unlike conventional three-phase PFC's, three AC switches 
are placed before the bridge rectifier and respectively across 
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two power lines. This unique feature makes both simple 
operation principle and control design possible. The 
operation principle with simulation verification is described 
in the following sections. A simple control strategy 
combining space-vector modulation and hysteresis current 
control is presented. No microprocessor is used in the 
proposed control scheme. 

La 

Fig. 2. Proposed three-phase boost-type power factor 
corrector. 

B 

C 

Fig. 3. Equivalent subtopology of the proposed three-phase 
PFC in the example interval where Vu and F% are positive 
and Vc is negative. 

Mode 1 .) Scu ON, Sbc ON. 
As shown in Fig 4(a), Vu and F% are connected to 

Vc are short circuit through the boost inductors. Currents 
flow from phase A and B, through the switches, to phase C. 
All the six diodes are reverse biased. The bulk capacitor 

discharges and supplies current to the load. Zu and Zb 
increase. 

IL PROPOSED POWER FACTOR CORRECTION Mode 2,) Scu ON, sbc om. 
TOPOLOGY As shown in Fig. 4(b), Ib flows through the diodes 

respectively located between the boost inductors and bridge 
rectifier. This unique feature makes both operational 

which block bidirectional voltages when opened and 
conduct bidirectional currents when closed, can be 
constituted by commercial power MOSFET's [SI. It's 
valuable to mention that the delta-connected AC switches 

conventional approach for the cascade-connected switches 
across the output DC bus. 

Mode 3.) Scu om, sbc ON. 
As shown in Fig. 4(c), mode 3 is similar to Mode 2, 

Principles and design simple. The AC switches, except that phase A and B are exchanged. Diodes Da, and 
Dlc are forward biased. zb increases and 

Mode 4.) Scu om, sbc om. 

decreases. 

As shown in Fig 4(d), both phases A and B are 

and zb flow through the diodes, charge the output capacitor 
and supply the load current. Zu and Zb decrease. 

need no dead-time consideration which is in connect& to the positive terminal of the output capacitor. l a  

To explain the principles of operation and to derive 
the Control scheme, the input phase voltages are divided into 
six 60degree intervals in which no sign change occurs. In 
each interval, only two of the three inductor currents with the 
same sign are controlled. Take one of the six interval where 
Vu and I4 are positive and Vc is negative for example, only 
Zu and Zb are controlled. Snb is set normally open resulting 

By selecting proper operation modes to shape the 
inductor currents, sinusoidal input currents in phase with 
the input voltages can be . Next section describes 
the selection of appropriate operation modes by the space 
vector concept. 

in the subtopology in Fig. 3. According to the switching 
states of Scu and Sbc, there are four modes of operation in 
the example interval. 

111. SPACE VECTOR MODULATION 
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Fig. 4. Modes of operation in the example interval where Vu 
and Vb are positive and Vc is negative. 

With the concept of space vector, it is convenient to 
represent three-phase quantities fa, fb, and fc (voltages or 
currents) as a space vector: 

interval and the switch states, ON or OFF. Take mode 3 & 
4 for examples. In mode 3, from Fig. 4(c) it can easily be 
derived that V'u = 2/3 V , and V'b = V'c = -1/3 V , 
resulting in 

V = 2/3 . VO + (-1/3 . VO) * CC + (-U3 VO) . a' 
= vo (2) 

In mode 4, V'u = V'b = 1/3 - V ,  and V'c = -2/3V , 

According to the operation modes, four space 
voltage vectors can be generated in the study interval where 
Vu and Vb are positive and Vc is negative. Illustrated in 
Table 1 are the possible voltage vectors in this interval, 
where "1" represents "ON", "0" represents "OFF", and "x" 
represents "normally open". There are totally 24 vectors, 
but some of them are identical. As shown in Fig. 5 ,  only 
seven distinct space voltage vectors can be generated. Table 
2 gives the quantitative description of these generated 
vectors. 

Table 1. Possible voltage vectors in the study interval. 

voltage 
vector 

Im 

v 3  v2  

f =  fa +fb x U + fc x U2 
where U = e/2i3n 

V5 I V6 
The voltages before the bridge rectifier, V'u, Vb, 

and V'c, are functions of the corresponding 60-degree Fig. 5 .  Generated voltage space vectors. 
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Table 2. Quantitative description of generated vectors. 

(-1/3vo, 213v0, -113Vo) 
(-213v0, 113v0, 113Vo)) 

v3 (vo d"7 
v4 (vo e"/'? I (-113v0, -113v0, 213Vo) vs (Vo d"3 

Also, the input phase voltages and currents can be 
represented as a space vector: 

(4) v =  vu+ Vb x a+ Vc x a2 

I = l a  +Ib x a +IC x a2 ( 5 )  

For a balanced three-phase AC source, the input 
voltage and current vector in the example interval can be 
rewritten as: 

I = Ia(1- a2) +Ib(a - a2) (7) 

The derivative of the current vector is 

dI/dt = (V - V')/L (8) 

( 1  - a2)  - dIaldt + (a - a2) dlbldt 

where L = La = Lb = Lc 
= {[va(l-a2)+Vb(a-012)]-V'}/L 

(9) 

The derivative of the current vector is a function of 
the operation modes (i.e. the voltage vector V') as illustrated 
in Table 3 .  The voltage vector V' determines the derivatives 
of the input current vector. Consequently, the input current 
waveforms can be controlled by selecting appropriate voltage 
vector V'. Fig. 6 shows the waveforms of the input currents 
and the gate driving signal of Sca and Sbc along with the 
corresponding voltage vectors in the example interval. 

Table 3 .  The derivation of the current vector as a function of 
the operation modes. 

L dlbldt 

(a) input current waveforms 

0.- 

0.. 

0.- 

O . I  

(b) gate driving signal of Scu 

I 
0%. 0.1 0.- 0.- -0 .2  I 

(c) gate driving signal of Sbc 

Fig. 6. 

(d) corresponding voltage vector 

(a) Waveforms of the line current;, (b),(c) gate 
driving signals of Sca and Sbc respectively; and (d) the 
corresponding voltage vectors in the example interval. 

IV. CONTROL SCHEME 
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A simple control strategy combining space-vector 
modulation and hysteresis current control for the proposed 
boost-type power factor corrector is designed. Fig. 7 shows 
the block diagram of the proposed control scheme. Current 
command I* is obtained by multiplying the corresponding 
input phase voltage and the error voltage Ve which is 
obtained from the voltage compensation loop. The input 
current is controlled to follow the input voltage waveform 
times the error voltage magnitude by selecting appropriate 
voltage vector V. 

The proposed three phase boost PFC with the 
control strategy combining the space vector modulation and 
hysteresis current control is simulated using PC Matlab. Fig. 
8 illustrates the input line current waveforms. The hysteresis 
band width is exaggerated for clearness. Sinusoidal input 
currents in phase with the corresponding input voltage are 
observed. Also shown in Fig. 9 is the traces of the input 
current space vectors. 

The desired voltage vectors are selected by the 
EPROM switching table outputs. The inputs to he EPROM 
consist of two group of signals: signs of the input voltages 
Sa, Sb, and Sc and the digital signals du, db, and dc which 
are obtained by feeding the current errors le  into the 
hysteresis comparators. The signs of the input voltages Sa, 
Sb, and Sc divide the input voltage into six 60-degree 
intervals (eight combinations exclusive of two nonexistent 
cases (+,+,+) and (-,-,-)). The outputs of the hysteresis 
comparators determine the desired voltage vectors (i.e. 
operation modes) in the corresponding interval. However, 
for the simplicity of hardware design, the mapping between 
the voltage vectors and states of the AC switches is 
incorporated directly in the switching table as shown in 
Table 4. 

V. RESULTS 
Fig. 7. Block diagram of proposed control strategy. 

Table 4. Selections of states of switches Sbc, Sca, and Sub. 
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0 1 2 3 4 5 6 

3.)Only two of the three AC switches are controlled in each 
interval. The overall switching times is reduced by 33 
percents. Switching losses are reduced. 

Owing to its control simplicity and excellent 
performance, the proposed approach offers an attractive 
choice of PFC's for medium and large power applications. 
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