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Abstract 

 

In this paper, two large current rectifiers are proposed based on two wye-connected autotransformers. The requirements of the 
ideal large current rectifier are analyzed, and it is concluded that the large current rectifier has a higher power density and a 
higher energy conversion efficiency when it is made up of two three-phase half-wave rectifiers and a wye-connected 
autotransformer. According to theoretical analysis results, the two novel wye-connected autotransformers are designed to feed 
two three-phase half-wave rectifiers. The two autotransformers can generate two groups of three-phase voltages with a 60o phase 
shifting, and their kVA ratings account for 95% and 80% of the load power, respectively. These values are less than those of a 
double star rectifier at 30% and 46%. From the input mains and output side, the power quality of the proposed rectifiers is the 
same as that of the double star rectifier. Some experiments validate the correctness of the theoretical analysis. 
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I. INTRODUCTION 

Large current rectifiers are used extensively in electrochemical 
engineering applications, such as plasma-arc generation and 
micro-arc oxidation [1], [2]. In these applications, the front- 
end of the power supply is usually a large current rectifier, 
and the back-end of the power supply is a DC-DC converter 
which is used to control the output current or output voltage 
of the power supply [3]. This topology is also called a 
chopper-rectifier [4]. Since the large current rectifier operates 
under large current conditions, its conduction losses cannot 
be ignored. The input mains of the large current rectifier are 
always connected to a transformer, which significantly affects 
the power density of the power supply. Therefore, in the 
chopper-rectifier topology, it is very important to improve the 
energy conversion efficiency and power density of the front- 
end rectifier. 

Generally, the double star rectifier and the parallel-connected 
multi-pulse rectifier (MPR) are the two most common 
topologies for large current rectifiers [5]-[8]. In the MPRs, 
two or more diode bridge rectifiers are connected in parallel 

to double the load current, and an isolated transformer or 
autotransformer is used as the phase-shifting transformer 
[9]-[15]. In the DSR, a double-star transformer is used as the 
phase-shifting transformer, and is connected with two 
three-phase half-wave rectifiers that are also connected in 
parallel to double the load current [16], [17]. In general, the 
kVA rating of the phase-shifting transformer determines the 
power density. The windings of the autotransformer are 
mutually connected, and the magnetic coupling transmits 
only part of the load power. However, when the isolated 
transformer is used as the phase-shifting transformer, all of 
the load power is transmitted by the magnetic coupling. 
Therefore, when an equal load power is transmitted, the 
autotransformer’s kVA rating is less than that of the isolated 
transformer. Furthermore, the power density of the MPR 
using an autotransformer is greater than that of the DSR and 
the MPR using an isolated transformer. Under the same load 
current, for different large current rectifiers, the energy 
conversion efficiency is determined by the number of 
rectifying devices, and fewer rectification devices means a 
higher energy conversion efficiency. In the DSR, six diodes 
or thyristors are used. In the MPR, at least 12 diodes or 
thyristors are used. Therefore, the energy conversion efficiency 
of the DSR is higher than those of the MPRs. 

Above all, from the perspective of improving the power 
density, the autotransformer should be used as the phase- 
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shifting transformer. Meanwhile, from the perspective of 
improving the energy conversion efficiency, two three-phase 
half-wave rectifiers should be connected to the output side of 
the autotransformer. Therefore, an ideal large current rectifier 
should be made up of an autotransformer and two three-phase 
half-wave rectifiers. In some applications, such as the power 
systems of long-range rocket launchers, isolation is not 
necessary, and the combination of two three-phase half-wave 
rectifiers and an autotransformer is preferred. In this paper, 
two low kVA rating wye-connected autotransformers are 
proposed as a phase-shifting transformer. Unlike the wye- 
connected autotransformer in [18]-[22], two three-phase 
half-wave rectifiers, instead of three-phase bridge rectifiers, 
are connected to the output sides of the two proposed 
autotransformers. Therefore, when compared with the 
rectifiers in [18]-[22], the proposed two rectifiers have lower 
conduction losses under the same load current. 

 

II. TOPOLOGIES OF THE TWO PROPOSED  
RECTIFIERS 

Fig. 1 shows the two proposed rectifier topologies when 
wye-connected autotransformers are used as the phase-shifting 
transformer. In Fig. 1(a) and Fig. 1(b), the wye-connected 
autotransformers operate as step-down and step-up transformers, 
respectively. Both of the wye-connected autotransformers 
output two groups of three-phase voltages, which feed two 
three-phase half-wave rectifiers. The inter-phase reactor 
(IPR) can absorb the output voltages’ instantaneous difference 
of the two three-phase half-wave rectifiers. In this section, 
the winding configurations of the two wye-connected 
autotransformers are analyzed, and the load voltages and 
input line currents of the two proposed rectifiers are 
calculated. 

A. Requirements of the Phase-Shifting Angle 

In a DSR, the double-star transformer can output two groups 
of three-phase voltages that have a 120o phase difference. 
Because the output voltage period of the three-phase half- 
wave rectifier is 120o, the output voltage trough of one of the 
three-phase half-wave rectifiers corresponds to the output 
voltage crest of another rectifier, and the load voltage of the 
DSR contains six pulses per power supply cycle. In fact, 
when the phase difference between the two groups of 
three-phase voltages is 60o, the output voltage trough of one 
three-phase half-wave rectifier corresponds to the output 
voltage crest of another rectifier [24]. In Fig. 1, the wye- 
connected autotransformer can output two groups of three- 
phase voltages which have a 60o phase difference. 

B. Winding Configurations of the Proposed Autotransformers 

In this part, two wye-connected autotransformers are proposed, 
both of which can output two groups of three-phase voltages 
with a 60o phase difference. In Fig. 2(a) and (b), the phasor  

 
(a) 

 
(b) 

Fig. 1. Proposed rectifier topology: (a) Phase-shifting transformer 
operating as a step-down transformer; (b) Phase-shifting 
transformer operating as a step-up transformer. 

 

   
(a) (b) 

 

  
(c) (d) 

Fig. 2. Phasor diagrams and winding configurations of the 
proposed autotransformers: (a) Phasor diagram of proposed 
autotransformer I; (b) Winding configuration of proposed 
autotransformer I; (c) Phasor diagram of proposed 
autotransformer II; (d) Winding configuration of proposed 
autotransformer II. 

 
diagram and winding configuration of proposed autotransformer 

Ⅰ are illustrated, respectively. In Fig. 2(c) and (d), the 

phasor diagram and winding configuration of proposed 

autotransformer Ⅱ are illustrated. 

In Fig. 2(a), Nq1 and NY1 denote the turn numbers of the 
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extended windings and the wye-connected windings of 

proposed autotransformer Ⅰ, respectively. In this case, α is 

equal to 30o. From the winding configuration, the phasor a1a 

is parallel to the phasor co, ∠a1ao is equal to 60o, and the 

triangle ∠aa1o is a right triangle. Therefore, the relation 

between NY1 and Nq1 meets the following: 

                     (1) 

Similarly, in Fig. 2(c) and Fig. 2(d), the relation between 
NY2 and Nq2 meets the following: 

                   
(2)

 
where Nq2 and NY2 denote the turn numbers of the extended 
windings and the wye-connected windings of proposed 

autotransformer Ⅱ, respectively. 

The input three-phase phase voltages of the autotransformer 
are assumed as: 

          (3) 

where Um is the rms value of the input three-phase phase 
voltages. 

From Fig. 2(b), when autotransformer Ⅰ is used: 

  (4) 

From Fig. 2 (d), when autotransformer Ⅱ is used: 

 (5) 

From (4) and (5), the autotransformers in Fig. 2(a) and 
Fig. 2(c) operate as step-down and step-up transformers, 
respectively. 

C. Analysis of the Input Line Current 

When proposed autotransformer Ⅰ is used, the input line 

current of the rectifier is calculated in this part. 
In Fig. 1 and Fig. 2(a), the MMF equations meet the 

following: 

       (6) 

where ia1, ib1, ic1, ia2, ib2 and ic2 are the currents through the 
extended windings; and i1, i2 and i3 are the currents through 
the wye-connected windings. 

From the Kirchhoff’s current law: 

               (7) 

where ia, ib and ic are the input currents of phase a, b and c. In 
addition, id is the load current. 

The input line currents are derived from (1), (6) and (7): 

     (8) 

Assume that the two proposed rectifiers operate under a 
large inductive load, the load current is considered to be 
constant, and the currents id1 and id2 meet: 

                  (9) 

where id1 and id2 are the output currents of the two three-phase 
half-wave rectifiers, and Id is the load current. 

The input currents of the two three-phase half-wave 
rectifiers can be expressed as: 

           (10) 

where Sa1, Sb1, Sc1, Sa2, Sb2 and Sc2 are switch functions of 
phases a1, b1, c1, a2, b2 and c2, respectively. 

Substituting (9) and (10) into (8) yields: 

   (11) 

Fig. 3(a) and (b) illustrate the current ia and its spectrum, 
respectively. The input line current of the proposed rectifier 
contains six steps per power supply cycle, which is similar to 
that of the double-star rectifier and the three-phase bridge 

rectifier. Similarly, when proposed autotransformer Ⅱ is used, 

the input line current can also be calculated. Fig. 3(c) and (d) 
show the input line current and its spectrum, respectively. 

D. Analysis of the Load Voltage 

From modulation theory, ud1 and ud2 can be calculated as: 

           (12) 

where ud1 and ud2 are the output voltages of the two three- 
phase half-wave rectifiers, as shown in Fig. 1. 

q1

Y1

1

2

N

N


q2 Y2N N

a m

o
b m

o
c m

2 sin

2 sin( 120 )

2 sin( 120 )

u U t

u U t

u U t







 
  


 

o o
a1 m a2 m

o o
b1 m b2 m

o o
c1 m c2 m

6 6
sin ( 30 ) sin ( 30 )

2 2

6 6
sin( 90 ) sin( 150 )

2 2

6 6
sin( 150 ) sin( 90 )

2 2

u U t u U t

u U t u U t

u U t u U t

 

 

 

 
    

 
      
 
 

    
  

o o
a1 m a2 m

o o
b1 m b2 m

o o
c1 m c2 m

6 sin ( 30 ) 6 sin ( 30 )

6 sin( 90 ) 6 sin( 150 )

6 sin( 150 ) 6 sin( 90 )

u U t u U t

u U t u U t

u U t u U t

 

 

 

    
      
 

     

q1 c2 b1 Y1 1 q1 a2 c1 Y1 2

q1 a2 c1 Y1 2 q1 b2 a1 Y1 3

( ) ( )

( ) ( )

N i i N i N i i N i

N i i N i N i i N i

    
     

a 1 a1 a2

b 2 b1 b2

c 3 c1 c2

1 d 3 2 0

i i i i

i i i i

i i i i

i i i i

  
   
   
    

a a1 a2 b1 c2 c1 b2 d

b b1 b2 c1 a2 a1 c2 d

c a1 c2 c1 b2 a2 b1 d

1 1
(5 5 2 2 )

6 3
1 1

(5 5 2 2 )
6 3
1 1

(2 5 5 2 )
6 3

i i i i i i i i

i i i i i i i i

i i i i i i i i

       

       



      


d1 d2 d

1

2
i i I 

a1 a1 d1 a2 a2 d2

b1 b1 d1 b2 b2 d2

c1 c1 d1 c2 c2 d2

i S i i S i

i S i i S i

i S i i S i

  
   
   

a d b1 c2 a1 a2 c1 b2

b d c1 a2 b1 b2 a1 c2

c d a1 b2 c1 c2 b1 a2

1
(2 2 5 5 4)

12
1

(2 2 5 5 4)
12
1

(2 2 5 5 4)
12

i I S S S S S S

i I S S S S S S

i I S S S S S S

       

       



      

d1 a1 a1 b1 b1 c1 c1

d2 a2 a2 b2 b2 c2 c2

u u S u S u S

u u S u S u S

  
   



1700                     Journal of Power Electronics, Vol. 18, No. 6, November 2018 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 3. Theoretical input currents and their spectrums: (a) Input 
current when proposed autotransformer I is used; (b) Spectrum 
of the input current when autotransformer I is used; (c) Input 
current when proposed autotransformer II is used; (d) Spectrum 
of the input current when autotransformer II is used. 
 

Substituting (4) into (12) yields: 

     (13) 

where k =0,1,2….  
Load voltage is equal to the average value of ud1 and ud2: 

                  (14) 

 
(a) 

 
(b) 

Fig. 4. Load voltage: (a) When proposed autotransformer I is 
used; (b) When proposed autotransformer Ⅱ is used. 

 

where ud is the load voltage. 
Substituting (11) into (12) yields: 

 (15) 

Fig. 4(a) shows the load voltage udo. From Fig. 4(a), the 
load voltage contains six pulses per power supply cycle, 
which is similar to the three-phase bridge rectifier and the 
DSR. 

Similarly, when proposed autotransformer  is used, the Ⅱ

load voltage can be calculated and illustrated, as shown in Fig. 
4(b). 

E. Analysis of the KVA Ratings of the Proposed 
Autotransformers 

In the two proposed rectifiers, a wye-connected 
autotransformer is the main magnetic devices and it 
determines the system’s power density. In this part, proposed 

autotransformer Ⅰ is used as an example, and the kVA 

ratings are calculated. 
In order to calculate the kVA rating, it is necessary to 

calculate the RMS values of the currents through and the 
voltages across the windings. 

From (1) and Fig. 2(b), the rms values of the voltages 
across the wye-connected windings are equal to Um, and the 
rms values of the voltages across the extended-connected 
windings are equal to Um/2. 

From (10), the RMS values of the currents through the 
extended windings can be calculated as: 

        (16) 

where Ia1, Ib1, Ic1, Ia2, Ib2 and Ic2 are the rms values of the 
currents through the extended windings. 
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The currents through the wye-connected windings can 
derived from (6) and (9): 

      (17) 

where I1, I2 and I3 are the rms values of the currents through 
the wye-connected windings. 

Substituting (10) into (17) yields: 

               (18) 

Define the kVA rating of the transformer as: 

               (19) 

where Ii and Ui are the rms values of the current through and 
the voltage across the winding, respectively. 

Therefore, the kVA rating of proposed autotransformer Ⅰ 

is calculated as: 

           (20) 

The average value of the load voltage can be derived from 
(13): 

                 (21) 

From (20) and (21), SkVA,autoⅠ can be presented as: 

           (22) 

Define the load power as: 

                 (23) 

Substituting (21) into (20) yields: 

              (24) 

From (24), the kVA rating of proposed autotransformer Ⅰ 

accounts for approximately 95% of the load power. 

Similarly, the kVA rating of proposed autotransformer Ⅱ 

can be calculated, and it accounts for 80% of the load power. 
 

III. DISCUSSION OF RECTIFIERS USING THE 

PROPOSED AUTOTRANSFORMERS 

In this section, the proposed rectifiers are compared with 
the DSR from the viewpoint of energy conversion efficiency, 
the kVA rating of the phase-shifting transformer, and the 
power quality. In addition, the proposed rectifiers are also 
compared with the three-phase diode-bridge rectifier (full- 
wave rectifier) from the viewpoint of the energy conversion 
efficiency and power quality. Finally, the proposed rectifiers  

 
(a) 

 
(b) 

Fig. 5. DSR and winding configuration of a double-star 
transformer: (a) Topology of the DSR; (b) Winding configuration 
of the double-star transformer. 

 

are compared with the 12-pulse rectifier using the wye- 
connected autotransformer. 

A. Comparison of the Proposed Rectifiers with the DSR 

– Both of the two proposed rectifiers and the DSR use 
phase-shifting transformers. In the previously mentioned 
analysis, the kVA ratings of the two proposed 
autotransformers account for about 95% and 80% of 
the load power, respectively. Fig. 5(a) shows the 
topology of the DSR, and Fig. 5(b) shows the winding 
configuration of the double-star transformer. As 
discussed in [24] and [25], the kVA rating of the 
double-star transformer is about 126% of the load 
power. Therefore, the kVA ratings of autotransformers 

 and  are less than that of a doubleⅠ Ⅱ -star transformer 
30% and 46% under the same load power. This means 
that the two proposed rectifiers have higher power 
densities than the DSR. 

– When the two proposed autotransformers are applied 
to rectifiers, both of the output terminals of the 
autotransformers connect with two three-phase half- 
wave rectifiers. In both of the two proposed rectifiers, 
the number of rectifying devices is equal to that of the 
DSR. Therefore, the energy conversion efficiencies of 
the proposed rectifiers are approximately equal to that 
of the DSR under the same load current. 

– When the two proposed autotransformers are applied 
to large current rectifiers, the input line current contains 
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six steps per power supply cycle, and the load voltage 
contains six pulses per power supply cycle, both of 
which are the same as those of the DSR. Therefore, 
from the input mains and the output side, the two 
proposed rectifiers have the same power quality as the 
DSR. 

B. Comparison of the Proposed Rectifiers with the Three 
Phase Full-Wave Rectifier 

Energy conversion efficiency is related to the conduction 
losses for the proposed rectifiers and the three-phase full- 
wave rectifier. The conduction loss per power supply cycle 
can be presented as: 

                 (25) 

where N is the number of rectification devices. In the two 
proposed rectifiers and the three-phase full-wave rectifier, 
N=6. It is the on-state current of the rectification device for 
the two proposed rectifiers, and it is equal to Id/2. Meanwhile, 
for the three-phase full-wave rectifier, It is equal to Id. Ut is 
the forward voltage drop, tC is the conduction time per power 
supply cycle, and tC is equal to 0.02/3s. 

From (25), the conduction loss per power supply cycle of 
the two proposed rectifiers is calculated as: 

         (26) 

In the three-phase full-wave rectifier, the conduction loss 
per power supply cycle is calculated as: 

          (27) 

From (26) and (27), under the same load current, the 
conduction losses of the two proposed rectifiers are half that 
of the three-phase full-wave rectifier. 

C. Comparison of the Proposed Rectifiers with the 
12-Pulse Rectifier Using the Wye-Connected 
Autotransformer 

1) The Phase-shifting Angle of the Wye-connected 
Autotransformer: 

Although the wye-connected autotransformer has already 
been used in MPR, it has never fed two three-phase half-wave 
rectifiers. In [7], [18], two wye-connected autotransformers 
were designed and applied to 12-pulse and 18-pulse rectifiers, 
respectively. Therefore, the rectifiers proposed in [7] and [18] 
are combinations of two or three three-phase diode bridge 
rectifiers and a wye-connected autotransformer. As discussed 
in [15], when an autotransformer feeds two three-phase 
diode-bridge rectifiers, its phase-shifting angle is 15o. 
Meanwhile, when an autotransformer feeds two three-phase 
half-wave rectifiers, its phase-shifting angle is 30o. Therefore, 
if autotransformers feed different types of rectifiers, their 
phase-shifting angles are also different. 

   
(a) (b) 

Fig. 6. Winding configuration and phasor diagram of the wye- 
connected autotransformer in a 12-pulse rectifier: (a) Winding 
configuration; (b) Phasor diagram. 

 

2) Winding Configuration of the Wye-connected 
Autotransformer: 

When the phase-shifting angles of the autotransformers are 
different, the winding configurations of the autotransformer 
are inevitably different. Fig. 6 shows the winding configuration 
and its phasor diagram when the wye-connected 
autotransformer is used in a 12-pulse rectifier. In Fig. 6(b), α 
is equal to 15o. From Fig. 2(a) and Fig. 6(a), when α is equal 
to 15o, the winding configuration of the wye-connected 
autotransformer is similar with that when α is equal to 30o. 

In Fig. 2(a), the ratio of NY1 to Nq1 is equal to 0.5. From Fig. 
6, the ratio of NY3 to Nq3 meets: 

                (28) 

Although the winding configurations of the wye-connected 
autotransformers in Fig. 4(a) and Fig. 6(a) are similar, their 
turn ratios are different. Therefore, the two proposed 
autotransformers are different from those in [7] and [19]. 

3) Actual Functioning of the Wye-connected Autotransformer: 
The actual functioning of the wye-connected 

autotransformer is different under different phase-shifting 
angles. This part compares the actual functioning of 

autotransformer Ⅰ and the autotransformer in Fig. 6(a). 

From (10) and (17), in proposed autotransformer Ⅰ, the 

currents through the windings can be derived, as shown in 
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current law, the currents through the windings in Fig. 6(a) can 
be derived, as shown in Fig. 7(b). From Fig. 7, when the 
wye-connected autotransformer feeds two three-phase 
half-wave rectifiers, the currents through its windings are 
unidirectional, which is entirely different from when it feeds 
two three-phase diode-bridge rectifiers. 

4) Conduction Losses 
From Fig. 6, for a 12-pulse rectifier, 12 diodes are used and 

the current through the 12 diodes is equal to Id when they turn 
on. From (36), the conduction loss per power supply cycle of 
the 12-pulse rectifiers is calculated as: 
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(a) (b) 

Fig. 7. Currents through the windings of the wye-connected 
autotransformer: (a) Phase-shifting angle is 15o; (b) Phase- 
shifting angle is 30o. 

 
TABLE I 

COMPARISON OF THE TWO PROPOSED RECTIFIERS AND THE 

12-PULSE RECTIFIER USING THE WYE-CONNECTED 

AUTOTRANSFORMER 

 
The two 
proposed 
rectifiers 

12-pulse rectifier

Number of the rectification 
devices 

6 12 

Phase-shifting angle of the 
autotransformer 

15o 30o 

Conduction losses of the 
rectification devices 

0.02IdUt 0.08IdUt 

Pulse number of the load 
voltage 

6 12 

Step number of the input 
current 

6 12 

If the ZSBT is needed? No Yes 

 

From (29), under the same load current, it is observed that 
the conduction loss per power supply cycle of the two 
proposed rectifiers is a quarter of that of the12-pulse rectifier. 

Table I summarizes a comparison of the two proposed 
rectifiers and the 12-pulse rectifier using the wye-connected 
autotransformer. 

From Table I, the conduction losses of the two proposed 
rectifiers are far less than that of the 12-pulse rectifier, which 
is very important under a large load current. In the two 
proposed rectifiers, both the pulse number of the load voltage 
and the step number of the input current are six, which are 
less than those of the 12-pulse rectifier. Theoretically, under a 
large inductive load, the THD of the input line current in the 
two proposed rectifiers is 31%, and the THD of the input line 
current in the 12-pulse rectifier is 15.2%. Therefore, from the 
viewpoint of power quality, the 12-pulse rectifier is better 
than the two proposed rectifiers. However, the power quality 
of the two proposed rectifiers and that of the 12-pulse 
rectifier fail to meet IEEE Standard 519-1992. As a result, 
harmonic reduction installations are needed in applications. 
In the two proposed rectifiers, ZSBT is not needed. However, in 
the 12-pulse rectifier using the wye-connected autotransformer, 
ZSBT is necessary. 

       
(a) (b) 

Fig. 8. Pictures of the two autotransformers: (a) Proposed 
autotransformer Ⅰ; (b) Proposed autotransformer Ⅱ. 

 
TABLE II 

PARAMETERS OF AUTOTRANSFORMER I 

Parameter Value 

Turn numbers of the wye-connected winding 176 

Turn numbers of the extended winding 88 

Wire diameter of the wye-connected winding 2.0mm 

Wire diameter of the extended winding 1.88mm 

Core lamination 50 mm 

Core width 80 mm 

Wire packet height 100 mm 

Rated apparent power 3500 VA 

Load power to be transmitted 3680 W 

 

IV. EXPERIMENTAL RESULTS 

In order to validate the above theoretical analysis, two 
wye-connected autotransformers with 60o phase-shifting 
angles are manufactured and applied to rectifiers. Then a 
number of experiments are carried out. In order to verify the 
universality of the methods, the experimental conditions for 
the two rectifiers are different. When experimenting on 

proposed autotransformer Ⅰ, the load resistance is 15Ω and 

the rms value of the input voltage is equal to 230V. Meanwhile, 

when experimenting on proposed autotransformer Ⅱ, the 

load resistance is 22.5Ω and the rms value of the input 
voltage is equal to 220V. 

A. Parameters of the Two Proposed Autotransformers 

Fig. 8 shows the two autotransformers. An air gap is not 
required in the two proposed autotransformers. Table II and 
Table III show the parameters of proposed autotransformers 

Ⅰ and Ⅱ, respectively. 

B. Phase-Shift Performance of the Two Proposed 
Autotransformers 

Fig. 9(a) and (b) show the input and output voltages of the 
two proposed autotransformers. In Fig. 9, the phase 
differences between ua1 and ua2, between ua1 and ua, and 
between ua2 and ua, are about 60o, 30o and 30o, respectively. 
These results are coincident with the theoretical analysis. 

Fig. 9(c) and (d) show the voltages across the windings. In  
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TABLE III 

PARAMETERS OF AUTOTRANSFORMER II 

Parameter Value 

Turn numbers of the wye-connected winding 176 

Turn numbers of the extended winding 176 

Wire diameter of the wye-connected winding 2×3.5mm 

Wire diameter of the extended winding 2.12mm 

Core lamination 50 mm 

Core width 80 mm 

Wire packet height 220 mm 

Rated apparent power 6800 VA 

Load power to be transmitted 8500 W 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 9. Input voltage, output voltages, and voltages across the 

windings of the two proposed autotransformers: (a) Input and 

output voltages of proposed autotransformer Ⅰ; (b) Input and 

output voltages of proposed autotransformer Ⅱ; (c) Voltages 

across windings ao, a1a and a2a of autotransformer Ⅰ; (d) 

Voltages across windings ao, a1a and a2a of autotransformer Ⅱ. 

 

Fig. 9(c) and (d), the phase differences between ua1a and ua2a, 

between ua1a and uao, and between ua2a and uao, are all 120
o
. 

These results are also coincident with the theoretical analysis 

in Fig. 2(b) and Fig. 2(d). 

From Fig. 9, it can be seen that both of the proposed 

autotransformers can realize the required phase-shifting 

angle. 

C. Input Line Current of the Proposed Rectifiers 

When proposed autotransformer Ⅰ is used, Fig. 10(a)  

 
(a) 

 
(b) 

Fig. 10. Input currents: (a) When proposed autotransformer Ⅰ 

is used; (b) When proposed autotransformer Ⅱ is used. 

 

shows the input line currents, and their rms values are 5.185A, 

5.187A and 5.184A, respectively. The THD values of the 

input line currents are 29.21%, 28.53% and 29.27%, 

respectively. When proposed autotransformer Ⅱ is used, 

Fig. 10(b) shows the input line currents. The rms values are 

13.830A, 13.970A and 14.215A, respectively. In addition, 

their THD values are 27.00%, 28.52% and 28.11%, 

respectively. From Fig. 10, the input currents contain six 

steps per power supply cycle, which is coincident with the 

theoretical analysis. 

D. KVA Rating of Proposed Autotransformer Ⅰ 

Fig. 11(a) shows the current through and the voltage across 

the wye-connected winding of proposed autotransformer Ⅰ. 

Proposed autotransformer Ⅰ is assumed to be symmetrical, 

and from Fig. 11(a), the apparent power of the wye-connected 

windings is calculated as: 

       (30) 

Fig. 11. Voltage across and current through the windings 

of the two proposed autotransformers, along with the load 

voltage and load current: (a) Voltage across and current 

through the wye-connected winding of proposed 

autotransformer I; (b) Voltage across and current through the 

extended winding of proposed autotransformer I; (c) Load 

voltage and load current when proposed autotransformer I is 

used; (d) Current through and voltage across the wye- 

connected winding of proposed autotransformer II; (e) 

Voltage across and current through the extended winding of 

autotransformer II; (f) Load current and load voltage when 

proposed autotransformer II is used. 

Fig. 11(b) shows the current through and voltage across the 

extended winding of proposed autotransformer Ⅰ. The 

apparent power of the extended windings can be calculated 

as: 

ua2 ua1

ua

ua2 ua1
ua

ua2a ua1auao

ua2a ua1a

uao

ia

ib

ic

ia

ib

ic

kVA,ST

1
3 231 5.38 1864.2VA

2
S     Ⅰ
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(a) Voltage across and current 

through the wye-connected 

winding of proposed 

autotransformer Ⅰ. 

(b) Voltage across and current 

through the extended winding of 

proposed autotransformer Ⅰ. 

  

(c) Load voltage and load 

current when proposed 

autotransformer Ⅰ is used. 

(d) Current through and voltage 

across the wye-connected 

winding of proposed 

autotransformer Ⅱ. 

  

(e) Voltage across and current 

through the extended winding of 

autotransformer Ⅱ. 

(f) Load current and load 

voltage when proposed 

autotransformer Ⅱ is used. 

Fig. 11. Voltage across and current through the windings of the 

two proposed autotransformers, along with the load voltage and 

load current: (a) Voltage across and current through the 

wye-connected winding of proposed autotransformer I; (b) 

Voltage across and current through the extended winding of 

proposed autotransformer I; (c) Load voltage and load current 

when proposed autotransformer I is used; (d) Current through 

and voltage across the wye-connected winding of proposed 

autotransformer II; (e) Voltage across and current through the 

extended winding of autotransformer II; (f) Load current and 

load voltage when proposed autotransformer II is used. 

 

       (31) 

From (30) and (31), the apparent power of proposed 

autotransformer Ⅰ is 3296VA. 

Fig. 11(c) shows the load current and load voltage when 

proposed autotransformer Ⅰ is used. Both the load current 

and load voltage contain six pulses per power supply cycle 

under a resistive load. From Fig. 11(c), the load power is 

calculated as 3456.5W. 

The ratio of the autotransformer’s apparent power to the 

load power is: 

         (32) 

Therefore, when experimenting, the proposed 

autotransformer’s kVA rating is 95.4% of the load power, 

which is identified with the theoretical value. 

E. KVA Rating of Autotransformer II 

Fig. 11(d) shows the current through and voltage across the 

wye-connected winding of proposed autotransformer Ⅱ. Fig. 

11(e) shows the current through and voltage across the 

extended winding. Fig. 11(f) shows the load current and load 

voltage. 

From Fig. 11(d) and (e), the apparent power of the wye- 

connected windings is calculated as: 

      (33) 

and the apparent power of the extended windings is 

calculated as: 

     (34) 

From (33) and (34), the autotransformer’s apparent power 

is 6936.6VA. 

From Fig. 11(f), the load power is 8530.6W. Therefore, the 

ratio of the apparent power of proposed autotransformer Ⅱ 

to the load power is: 

        (35) 

From (35), when experimenting, the kVA rating is 

approximately 81% of the load power, which is also 

identified with the theoretical value. 

 

V. CONCLUSION 

In this paper, two wye-connected autotransformers are 

proposed and used in two large current rectifiers. The 

following conclusions are obtained: 

– The novel large current rectifier is a combination of a 

wye-connected autotransformer and two three-phase 

half-wave rectifiers. Although the wye-connected 

autotransformer has already been used in MPR, it is 

used to feed the three-phase diode-bridge rectifiers in 

MPR. It has never been used to feed three-phase 

half-wave rectifiers. When the autotransformer is used 

to feed three-phase half-wave rectifiers, its phase- 

shifting angle is different from that when it feeds three- 

phase bridge rectifiers. The different phase-shifting 

angles inevitably lead to different winding configurations. 

In addition, when a wye-connected autotransformer 

and two three-phase half-wave rectifiers are combined 

to form a large current rectifier, the conduction losses 

of the rectifying devices are less than those of the MPR 

under the same load current. 

– The kVA ratings of autotransformers Ⅰ and Ⅱ are 

Voltage(rms:231V)

Current(rms:5.38A)

Voltage(rms:115V)

Current(rms:4.15A)

Voltage(rms:223V)

Current(rms:15.5A)

Voltage(rms:220V)

Current(rms:9.58A)

Voltage(rms:220V)

Current(rms:5.72A)

Voltage(rms:442V)

Current(rms:19.3A)

kVA,EX 0.5 6 115 4.15 1431.8VAS     Ⅰ

auto

3296
100% 95.4%

3456.5
S   Ⅰ

kVA,ST 0.5 3 220 9.58 3161.4VAS     Ⅱ

kVA,EX 0.5 6 220 5.72 3775.2VAS     Ⅱ

auto

6936.6
100% 81.3%

8530.6
S   Ⅱ
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less than that of the double-star transformer 30% and 
46% under the same load power. Therefore, the power 
density of the two proposed rectifiers are higher than 
that of the DSR. 

– The conduction losses of the two proposed rectifiers 
are lower than that of the MPR, and are equal to that of 
the DSR under the same load current. 

– From both the input mains and the output side, the 
power qualities of the two proposed rectifiers are the 
same as that of the DSR. 

– In the proposed rectifiers, the theoretical THD value of 
the input current is 31%, and the experimental THD 
value is about 29%. Both of these values are larger 
than those of the MPR. In future research, some filters 
will be installed to reduce the harmonics. 

Above all, the energy conversion efficiency of the two 
proposed rectifiers is higher than that of the MPR. In addition, 
it is equal to that of the DSR under the same load current. The 
two proposed rectifiers have higher power densities than the 
DSR under the same load current. Therefore, when isolation 
is not necessary, the two proposed rectifiers are the best 
choice under a large load current. 
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