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Abstract 

A three-phase switch-mode rectifier (SMR) 
suitable for three-wire Y-connected sources with 
an unaccessible neutral is proposed in this paper. 
Each phase current is split into two line currents. 
By controlling the line currents to be sinusoidal 
and in-phase with the corresponding line-to-line 
voltages, unity input power factor for each phase 
can be obtained. The access of the neutral for 
command reference is no longer required. Only 
three active switches are utilized. Also there is 
no need to insert the dead times for preventing 
the simultaneous Conduction of the switches. 
Simulations and experiments on a prototype 
show satisfactory results. 

1. Introduction 

Three-phase switch-mode rectifiers (SMR‘s) are 
widely used in high power ACDC applications 
where the harmonic contents of input currents are 
confined. In the literature [l-31, many circuit 
topologies are presented to achieve unity power 
factor. Most of the three-phase sources are Y- 
connected for the concern of safety. To sense the 
reference waveform of each phase voltage for the 
phase current to follow, the access of the neutral 
is necessary. However, in a three-phase three- 
wire Y-connected system, sometimes it is 
difficult to get the neutral. In this paper, we 
adopt a three-phase SMR composed of three 
modified single-phase boost SMR’s[3], as shown 
in Fig. 1, for the Y-connected sources with an 
unaccessible neutral. The power circuits in 
dotted boxes are identical. The outputs of the 
three single-phase SMR’s are parallel connected 
to the same load. Compared to the standard 
single-phase oneswitch Sh4R, the modified 
boost circuit is added with a second input 
inductor and a second fast-recovery diode. For 
example, to prevent id from flowing into the 
negative pole of the load and causing interactions 

with other two phases when Sa is turned on, D’a 
is inserted in the path between S a  and the load. 
To ensure that ib. will always remain continuous, 
a second input inductor L’a is added as shown in 
Fig. 1. Thus when Sa is turned off, D’a will be 
forced to turned on to form a conduction path for 
ib. 

................................ 

.............................. 

Fig. 1 The proposed three-phase SMR for 3-wire 
Y-connected sources. 

In the proposed three-phase SMR, each phase 
current is split into two line currents. By 
controlling the line currents to be sinusoidal and 
in-phase with the corresponding line-to-line 
voltages, unity input power factor for each phase 
can be obtained. The acce.ss of the neutral for 
command reference is no longer required. Only 
three active switches are utilized. The rectifier 
circuit for each phase is operated independently. 
There is no need to insert the dead times for 
preventing the simultaneous conduction of the 
switches. Although the decoupling among three 
phases can be violated when two or more 
switches are simultaneously turned off, the 
effects of the interactions are negligible by using 
coupled inductors instead for each single-phase 
SMR. Simulations and prototype experiments 
show satisfactory results. 
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2. Circuit Description 

In a three-phase three-wire Y-connected system, 
we can only sense the scaled wateforms of line- 
to-line voltages through the transformers. Of 
course the referenced waveforms of the phase 
voltages can be synthesized For the phase 
currents. For example, assuming that n' is the 
common ground of the secondary side of the 
transformers: 

v&. + v,*.= v-. - + vm. - v,,. = 3vm. (1) 

where vu.. means a waveform bearing the same 
magnitude and phase with w, but with the zero 
potential at n'. The phasor diagram of the 
referred voltages is shown in Fig. 2. 

Fig. 2 The phasor diagram of the referred 
voltages. 

However, at least three analog adders are 
required to obtain the three phase voltages for 
reference. These sensitive IC's inust be tuned 
with high accuracy to provide an adequate 
performance. As shown in Fig. I, we split the 
phase current i. into two componcnts id and i,, 
which are respectively the line cunents of v d  and 
v, loops. According to (I), if the split line 
current can be controlled to follow the 
corresponding line-to-line voltage, the phase 
current will also resemble the phase voltage. 
Thus unity power factor for each phase can be 
achieved without access of the neutral. To 
simplify the discussions, here we draw the v* 
loop in Fig. 3(a) and assume that the two input 
inductances are equal. Considering v d  is positive, 
when Sd is turned on, the inductors are charged 
through v a  as shown in Fig. 3(b) In this case the 
vd loop is completely decoupled &om the other 

two loops. And the changes of id and is. depend 
on the polarity and the magnitude of v* alone. 
Thus: 

The conclusion made above applies to the other 
two loops. On the other hand, when Sd is turned 
off, the conduction path for vd loop is as shown 
in Fig. 3(c). If the switches of the other two 
loops are both turned on and thus these two loops 
are decoupled, the changes of id and ib depend 
on the polarity and the magnitude of (v* - V,) 
alone. That is: 

(c) 

Fig. 3(a) The v d  loop. (b) The conduction path 
when Sa is turned on. (c) The conduction path 
when Sb is turned off. 

However, if one or both of the other two 
switches, Sb and S ,  is also turned off, then the 
decoupling among the three loops will no longer 
sustain. To state the situations more clearly, the 
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analysis will be made under the circumstances 
that v b  vb, and v, are all positive as follows. 

I. Sa and Sh are turned off, and S, is turned on: 

The conduction paths for the three loops are 
shown in Fig. 4. It can be observed that v, loop 
is independent from the other two loops. Thus: 

dim di, 
dt dt 

i, = - i,, and - = --= v J L  (4) 

Fig. 4 The conduction paths when S a  and Sh are 
turned off, and S, is turned on. 

As for v, and vb, loops, they are affected by each 
other because of their outputs are tied together. 
According to Fig. 4, some equations can be 
deduced as follows. 

id + ib + ik + icb = 0, and 

di, di, di, di, - -+-+-+--I3 
dt dt dt dt 

di, dib. 
v*=L-+V0-L- dt dt 

di, di, 
l&=L-+V0-L- 

dt dt 

From (5), (6) and (7), we can obtain: 
di, 
-= ( 3 ~ h  +  b. - 2V0)/4L dt 

di, - - (v, - ~ b ,  - 2V0)/4L 
dt 

di, 
- = (-v& + ~ b ,  - 2VJ4L dt 

di, 

(8) 

(9) 

(10) 

(11) 

-- 

- = (v, + 3% - 2V0)/4L - 
dt 

We can see that the change rates of the two split 
line currents in v* and vb, loops are different. 

Since only one of the two line currents can be 
sensed in each loop for the feedback signal, it 
could happen that the other line current runs out 
of the hysteresis band. Thus distortion may be 
produced in the phase current, which is the sum 
of two line currents. 

U. S* Sb and &,are turned of? 

The conduction paths for the three loops in this 
case are shown in Fig. 5. It can be concluded that 
the change rates of the two split line currents in 
v,, vb, and v, loops are different. Although the 
distortion may occur in three phase currents, the 
level of distortion can be lessened by using 
coupled inductors instead, or raising the effective 
switching frequency. 

Fig. 5 The conduction paths when S,, Sh and S,. 
are turned off. 

Since each phase current is the sum of two line 
currents, the phase current will be affected by the 
states of the two switches which belong to the 
two loops containing the referred phase voltage. 
For example, the ripple of i. depends on the 
switching states of S, and S,. In the worst case 
it can be twice the width of the defined hysteresis 
band. The block diagram of the proposed three- 
phase system is illustrated in Fig. 6. The single 
output voltage feedback loop produces the same 
current command for three single-phase SMR's. 
Thus nearly equal current sharing among three 
phases is guaranteed. It is noted that the neutral 
potential is never used in the controller. We 
sense the line currents and the line-to-line 
voltages instead of the phase currents and the 
phase voltages. The access of the neutral is 
unnecessary. 
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Fig. 6 The block diagram of the proposed three- 
wire Y-connected system. 

3. Simulations and Experiments 

Simulations are performed to verify the proposed 
three-phase SMR. Fig. 7 depicts the phase-a 
voltage and current. In Fig. 8, input currents of 
three phases are shown. It can be Seen that the 
ripples of each phase current are not constant, 
which agrees with the results discussed earlier. 
Fig. 9(a) shows the current imbalance occured in 
v* loop with two separate inductors due to the 
interactions among three phases. In Fig. 9(b), it 
can be observed that the interaction level is 

...................................................................... I *UT 

j j 
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j time: 5mddiv. 
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Fig. 8 The simulated three phase currents, 

,.i .......................................... ........................... ; 
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greatly reduced by using coiJpled inductors ........ .............................................................. 
instead. 

. . . . . . . . . . . . . . . . . . .  
. .  ! time: Imddiv. 
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Fig. 9 Simulated id and -ih with (a) decoupled 
inductors and (b) coupled inductors. Fig. 7 The simulated phase voltage and current of 

phase-a. 
Experiments are conducted on a threephase 
propotype. To get the phase voltages for 
comparison, here we use a four-wire Y-connected 
source for the access of the neutral, but otherwise 
the system arrangement is uncha;ged. In Fig. 10, 
the input current of phase-a is recorded. Fig. 11 
shows the phase currents of three phases under 
unity power factor control. 
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Fig. 10 The phase voltage and current of phasea. 
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Fig. 11 The input currents of three phases. 
Fig. 12(a) depicts the current imbalance between 
i* and -ib with two separate inductors when SS 
and at least one of the other two switches are 
turned off. On the top is the gate signal for Sa. 
Fig. 12(b) shows that the imbalance has been 
improved by using coupled inductors instead. 

. . .  
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(b) 
Fig. 12 id and -ib with (a) decoupled inductors 
and (b) coupled inductors. 

4. Conclusions 

In this paper, a three-phase switch-mode rectifier 
(SIVIR) for three-wire Y-connected sources with 
an unaccessible neutral is proposed. Each phase 
current is split into two line currents, which are 
controlled to be sinusoidal and in-phase with the 
corresponding lineto-line voltages. There is no 
need for the access of the neutral. The results 
show that the coupling among different stages 
can be lessened. Totally there are 12 diodes and 
6 fast-recovery diodes needed. However, only 3 
active switches are used and dead-time insertion 
is no longer required. The control mechanism is 
less complex than a high-performance &switch 
bridge topology. 
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