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Abstract— The single-stage AC-DC converters have a high 

potential to be used in electric vehicle (EV) chargers for vehicle-

to-grid (V2G) applications due to its durability, high efficiency and 

reduced volume. In V2G applications, bidirectional active and 

reactive power transfer are required. However, reactive power 

transfer in single-stage AC-DC converters can increase 

considerably the high frequency (HF) current, reducing the 

converter efficiency. With the aim of overcoming this limitation, 

this article proposes a novel modulation for a single-stage three-

phase AC-DC Quad-Active-Bridge Series-Resonant (QABSR) 

converter.  The proposed modulation allows to obtain a HF 

current with a constant and minimum amplitude throughout grid 

period. Experimental results validate the converter steady-state 

response for bidirectional active and reactive power transfer. 

 
Keywords—«AC-DC converter», «Single-Stage», «Reactive 

Power», “bidirectional”, «Quad-Active-Bridge», «series-resonant». 

I. INTRODUCTION 

The single-stage (SS) three-phase (3P) AC-DC converters allow 

bidirectional power flow and galvanic isolation, having better 

performances such as smaller volume, easier control, higher 

efficiency and longer lifetime compared to typical two-stage 

AC-DC converters [1]. Hence, SS 3P AC-DC converters have a 

high potential to be used in EV chargers with bidirectional active 

and reactive power transfer capability to implement V2G 

functionalities. Bidirectional active power transfer has been 

widely studied for SS AC-DC converters [1]. However, very few 

studies have been reported in the literature for bidirectional 

reactive power transfer using SS AC-DC converters.  

 

For instance, the most popular SS 3P AC-DC converters are 

based on the Dual Active Bridge (DAB) converter [2], [3] which 

are shown in Fig. 1. The converter shown in Fig. 1a is composed 

of three independent single-phase (1P) SS AC-DC converters. A 

time-variant switching frequency and phase-shift (PS) 

modulation are used to control the bidirectional active power 

transfer. The converter drawbacks are the high number of 

switches used, having a high impact in converter efficiency and 

price, and the high complexity for implementing modulation and 

control strategy. Moreover, reactive power transfer has not been 

analyzed in these structures.  The 3P DAB AC-DC converter 

shown in Fig. 1b [3] has fewer switches and components, 

increasing the converter efficiency and decreasing the price. 

However due to usage of bipolar voltage switches (in the matrix 

converter) to grid modulation, a complex modulation and 

switches protection have to be implemented. Modulation for 

reactive power transfer is proposed in [4] but its impact in the 

high frequency (HF) current has not been analyzed. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1. Single-Stage 3P AC-DC DAB converters. a) Three 1P DAB AC-DC 

converters [2], b) 3P DAB AC-DC [3], c) 3P QAB AC-DC converter [5]   
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With the aim of avoiding the usage of bipolar voltage switches, 

the SS Quad-Active-Bridge (QAB) AC-DC converter shown in 

Fig. 1c was introduced in [5]. An offset is added in the grid 

voltages by means of controlling the DC voltage 𝑉𝑜𝐹𝐹 in a 

series-connected capacitor to the grid neutral point (see Fig. 1c). 

Four PS angles (𝜑1, 𝜑2, 𝜑3 and 𝜑4) are used to control the active 

power flow. However, the PS angles calculation and the control 

strategy are very complex to implement. Moreover, reactive 

power transfer has not been analyzed for this structure.   

 

A deeper study for reactive power transfer using SS AC-DC 

converters with high MOSFETs quantity was reported in [6]. 

The authors shown that the HF current can be increased 

considerably for reactive power transfer which increases the 

converter losses. To overcome the drawbacks above mentioned, 

a novel modulation for a SS QAB series-resonant (QABSR) 3P 

AC-DC converter is proposed.  A lower HF current is obtained 

compared to DAB or QAB AC-DC converters where a HF 

inductor is used [1]. The QABSR AC-DC converter implements 

duty ratio and PS modulations with an easier calculation, 

allowing the bidirectional active and reactive power control. 

 

II. THE QABSR 3P AC-DC CONVERTER  

The QABSR AC-DC converter is shown in Fig. 2. Three low-

pass LC filters with a damping resistor 𝑟𝑑 are used on the AC 

side. As in the QAB AC-DC converter, an offset 𝑉𝑜𝐹𝐹  is 

controlled in capacitor 𝐶𝑓. Hence, the inputs on AC side are DC 

voltages with high ripple, allowing the usage of unipolar 

voltage switches to modulate the grid voltages. Moreover, three 

HF transformers are used which are series-connected on 

secondary side where a series-resonant circuit (SRC) is placed.  

 

 
 

Fig. 2. Proposed QABSR 3P AC-DC converter. 

Then, considering a balanced 3P system, the QAB inputs on AC 

side are given by: 

 

          𝑣𝑖 = 𝑉𝑜𝐹𝐹 + 𝑣𝑖𝑛  ;    for  𝑖 = 𝑎, 𝑏, 𝑐           (1) 

Where: 

 

 

{
 
 

 
 𝑣𝑎𝑛 = 𝑉𝑚 sin(𝜔𝑔𝑡)          

𝑣𝑏𝑛 = 𝑉𝑚 sin (𝜔𝑔𝑡 −
2𝜋

3
)

𝑣𝑐𝑛 = 𝑉𝑚𝑠𝑖𝑛 (𝜔𝑔𝑡 +
2𝜋

3
)

                        (2) 

 

Whereas the grid currents are given by:  

 

 

      

{
 
 

 
 
𝑖𝑎 = 𝐼𝑚 sin(𝜔𝑔𝑡 − 𝜃)          

𝑖𝑏 = 𝐼𝑚 sin (𝜔𝑔𝑡 −
2𝜋

3
− 𝜃)

𝑖𝑐 = 𝐼𝑚𝑠𝑖𝑛 (𝜔𝑔𝑡 +
2𝜋

3
− 𝜃)

 (3) 

                  

Where  𝑉𝑚  and 𝜔𝑔  the grid voltage amplitude and frequency 

respectively, 𝐼𝑚 is the grid current amplitude whereas 𝑉𝑜𝐹𝐹  is 

the DC offset voltage controlled in the capacitor 𝐶𝑓 such that 

𝑉𝑜𝐹𝐹 > 𝑉𝑚 (see Fig. 2). Note in (3) that the angle 𝜃 allows to 

control the transfer of reactive power in the grid.  

 

In the proposed modulation four duty ratio (DR) angles 𝛼𝑎, 𝛼𝑏, 

𝛼𝑐  and 𝛼𝑜 and only one phase-shift (PS) angle 𝜑 are used as 

command signals, being the modulation functions given by:  

 

AC side: 

 

{
𝑠𝑖1 = 𝑠𝑔𝑛 (cos (𝜔𝑠𝑡 −

𝛼𝑖
2
))

𝑠𝑖2 = 𝑠𝑔𝑛 (cos (𝜔𝑠𝑡 +
𝛼𝑖
2
))
  for  𝑖 = 𝑎, 𝑏, 𝑐 (4) 

DC side: 
 

 

 

 

{
𝑠𝑜1 = 𝑠𝑔𝑛 (cos (𝜔𝑠𝑡 −

𝛼𝑜

2
− 𝜑))

𝑠𝑜2 = 𝑠𝑔𝑛 (cos (𝜔𝑠𝑡 +
𝛼𝑜

2
− 𝜑))

                              (5) 

Where 𝜔𝑠 is the switching frequency and the function 𝑠𝑔𝑛(𝑥) 
is defined as: 

 𝑠𝑔𝑛(𝑥) = {
1,    𝑤ℎ𝑒𝑛  𝑥 ≥ 0
0,    𝑤ℎ𝑒𝑛  𝑥 < 0

, (6) 

 

The modulated voltages 𝑣𝑎ℎ𝑓, 𝑣𝑏ℎ𝑓, 𝑣𝑐ℎ𝑓 and 𝑣𝑜ℎ𝑓, evaluated at 

𝜔𝑔𝑡 =
3𝜋

10
 are shown in Fig. 3.  

  

Fig. 3. Proposed modulation for the QABSR 3P AC-DC converter  
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Note that the DR angles 𝛼𝑎, 𝛼𝑏 and 𝛼𝑐 are used to modulate the 

input voltages 𝑣𝑎, 𝑣𝑏  and 𝑣𝑐  respectively given by (1), 

generating the HF voltages 𝑣𝑎ℎ𝑓, 𝑣𝑏ℎ𝑓 and 𝑣𝑐ℎ𝑓. Whereas, the 

DC source 𝑉𝑜 is modulated by the DR angle 𝛼𝑜 generating the 

HF voltage 𝑣𝑜ℎ𝑓  which is phase-shifted 𝜑  with respect to 

𝑣𝑎ℎ𝑓, 𝑣𝑏ℎ𝑓 and 𝑣𝑐ℎ𝑓, as shown in Fig. 2 and Fig. 3.   

 

On the other hand, the tank circuit is designed as a band-pass 

filter at switching frequency  𝜔𝑠 [6]. Hence, only the 

components at 𝜔𝑠 are considered for power transfer, it means:  

 

For the modulated DC Source: 

 

 
𝑣𝑜ℎ𝑓1 =

4

𝜋
𝑉𝑜 sin (

𝛼𝑜
2
) sin(𝜔𝑠𝑡 − 𝜑) ; (7) 

 

Whereas, for the modulated grid voltages with OFFSET: 

 

 
𝑣𝑖ℎ𝑓1 =

4

𝜋
𝑉𝑖ℎ𝑓1 sin(𝜔𝑠𝑡) ; (8) 

 

Where: 

 𝑉𝑖ℎ𝑓1 = 𝑣𝑖 sin (
𝛼𝑖
2
) ;   For  𝑖 = 𝑎, 𝑏, 𝑐 (9) 

 

Being 𝑣𝑖 = 𝑉𝑜𝐹𝐹 + 𝑣𝑖𝑛  defined in (1) whereas 
𝛼𝑖

2
 is the 

correspondent DR angle 
𝛼𝑎

2
, 
𝛼𝑏

2
 and 

𝛼𝑐

2
 respectively.  In the 

proposed modulation 
𝛼𝑎

2
, 
𝛼𝑏

2
 and 

𝛼𝑐

2
  take the instantaneous 

values of the grid current angles given by (3), it means: 

 

 

{
 
 

 
 
𝛼𝑎

2
= 𝜔𝑔𝑡 − 𝜃;             

𝛼𝑏

2
= 𝜔𝑔𝑡 −

2𝜋

3
− 𝜃;  

𝛼𝑐

2
= 𝜔𝑔𝑡 +

2𝜋

3
− 𝜃;   

 Where 𝜔𝑔𝑡 𝜖 [0; 2𝜋] (10) 

 

Hence, 𝑉𝑖ℎ𝑓1 given by (9) can be considered constant during 

one switching period because  𝜔𝑠 ≫ 2𝜔𝑔 . The series-

connection of the HF transformers, on the secondary side, 

allows to add the modulated voltages 𝑣𝑎ℎ𝑓, 𝑣𝑏ℎ𝑓 and 𝑣𝑐ℎ𝑓 given 

by (8), resulting: 

 

 𝑣𝑒𝑞1 =
4

𝜋
𝑛 [𝑣𝑎 sin (

𝛼𝑎

2
) + 𝑣𝑏 sin (

𝛼𝑏

2
) +

 𝑣𝑐 sin (
𝛼𝑐

2
)] sin(𝜔𝑠𝑡)      

 

(11) 

  

Hence, replacing (2) and (10) in (11): 

 

 
𝑣𝑒𝑞1 =

4

𝜋
𝑛 [
3

2
𝑉𝑚cos (𝜃)] sin (𝜔𝑠𝑡) (12) 

             

Where 𝑉𝑚 is the grid voltages amplitude and 𝑛 is the turns-ratio 

relationship of HF transformers. According to (12) the voltage 

𝑣𝑒𝑞1, on the secondary side of HF transformers (see Fig.2), has 

a constant amplitude 
4

𝜋
𝑛 [

3

2
𝑉𝑚cos (𝜃)]  throughout the grid 

period. For instance, the modulated voltages 𝑣𝑎ℎ𝑓, 𝑣𝑏ℎ𝑓  and 

𝑣𝑐ℎ𝑓 as well as the voltage on the HF transformers secondary 

side 𝑣𝑒𝑞 = 𝑣𝑎ℎ𝑓 + 𝑣𝑏ℎ𝑓 + 𝑣𝑐ℎ𝑓  (see Fig.2) for 𝜃 = 0°  and 

evaluated at 𝜔𝑔𝑡 =
𝜋

2
 are shown in Fig. 4. 

 

 

Fig. 4. The modulated voltages evaluated at 𝜃 = 0 and 𝜔𝑔𝑡 =
𝜋

2
 

Note that 𝑣𝑒𝑞 can reach high voltage peaks where the highest 

can be obtained by deriving 𝑣𝑒𝑞, having its maximum value at 

𝜔𝑔𝑡 =
𝜋

6
.  

 

On the other hand, for power transfer, only the switching 

frequency component 𝑣𝑒𝑞1 given by (12) is considered, which 

is decreased by the power factor cos (𝜃) . Hence, for high 

reactive power transfer 𝜃 →
𝜋

2
, cos(𝜃) → 0  and 𝑣𝑒𝑞1 → 0 

which can increase considerably the HF current amplitude [6].  

With the aim of compensating the voltage drop in 𝑣𝑒𝑞1 for high 

reactive power transfer, the DC source is modulated with the 

DR angle 𝛼𝑜 according to the following relationship: 

 

 𝛼𝑜
2
=
𝜋

2
− ȁ𝜃ȁ (13)    

                                 
Hence 𝑣𝑒𝑞1 and 𝑣𝑜ℎ𝑓1 amplitudes can be controlled to have a 

constant value amplitude throughout grid period. With this 

consideration, the tank circuit along with the turns-ratio 𝑛 can 

be sized, considering the maximum values of 𝑣𝑒𝑞1  and 

𝑣𝑜ℎ𝑓1 (𝜃 = 0 ), it means as an equivalent DABSR DC-DC 

converter for two DC sources: 
3

2
𝑉𝑚 and 𝑉𝑜 [6], [7]. Then, 𝑛 and 

the SRC can be sized as follows: 

 

 
𝑛 =

𝑉𝑜
3
2
𝑉𝑚

;      𝑄 =
𝑍

8
𝜋2
𝑅𝑜

 ;       𝜔𝑟 =
1

√𝐿𝑟𝐶𝑟
;   

   𝑍 = √
𝐿𝑟
𝐶𝑟
  ;      𝐹 =

𝜔𝑠
𝜔𝑟
  ;      𝑅𝑜 =

𝑉𝑜
2

𝑃𝑜
          

(14)    

 

 

Being 𝐿𝑟  and 𝐶𝑟  the inductance and capacitance of the SRC, 

𝑄 and 𝜔𝑟  the quality factor and resonance frequency of the 

SRC, 𝑃𝑜 the nominal power and 𝑅𝑜 the nominal output load.  

 

Then, the average input currents 〈𝑖𝑎〉,  〈𝑖𝑏〉  and 〈𝑖𝑐〉 , for one 

switching period, can be calculated as: 

𝑣𝑎ℎ𝑓 

𝑣𝑒𝑞 𝑣𝑏ℎ𝑓 

𝑣𝑐ℎ𝑓 

𝜔𝑠𝑡  

0 

𝜔𝑠𝑡  

0 

3

2
𝑉𝑚𝑛 

𝜋

6
 

𝑣𝑒𝑞 = 𝑛(𝑣𝑎ℎ𝑓 + 𝑣𝑏ℎ𝑓 + 𝑣𝑐ℎ𝑓) 𝜋

2
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{
 
 

 
 〈𝑖𝑎〉 = [𝐾 sin(𝜑)] sin (

𝛼𝑎
2
) ;  

〈𝑖𝑏〉 = [𝐾 sin(𝜑)] sin (
𝛼𝑏
2
) ;  

〈𝑖𝑐〉 = [𝐾 sin(𝜑)] sin (
𝛼𝑐
2
) ;   

 

 

(15) 

Where: 

 

𝐾 =
8𝑛𝑉𝑜sin (

𝛼𝑜
2
)

𝜋2𝑍 (𝐹 −
1
𝐹
)
 (16) 

 

Being the DR angles 
𝛼𝑎

2
,
𝛼𝑏

2
,
𝛼𝑐

2
 given by (10). Note in (15) that, 

the factor 𝐾 sin(𝜑) is repeated in the three average currents 

whereas, each average current depends on its respectively DR 

angle. Hence the DR angles control the shape of the grid 

currents whereas 𝜑 controls the grid current amplitude. Hence, 

comparing (3) with (15), the PS angle 𝜑 can be calculated as:   

 

 
𝜑 = 𝑎𝑠𝑖𝑛 (

𝐼𝑚
𝐾
) (17) 

                          

Where 𝐾  is defined in (16). Note that, with the proposed 

modulation, a decoupled control can be implemented for each 

grid current, using the DR angles 
𝛼𝑎

2
,
𝛼𝑏

2
,
𝛼𝑐

2
 as a control signals 

and 𝜑  taking a constant value throughout the grid period, 

making the proposed modulation and control easier to 

implement. 

III. EXPERIMENTAL RESULTS 

The proposed converter was validated using the parameters 
indicated in Table I.  

TABLE I.  QABSR AC-DC CONVERTER PARAMETERS 

Item Value Item Value 

Output voltage 

and power (𝑉𝑜, 𝑃𝑜) 
400V, 2 kW 

Tank circuit 

(𝐿𝑟 , 𝐶𝑟) 
380 𝜇H, 5.5 𝜂F 

Grid Voltage  

(line - neutral)  

220V RMS, 

60 Hz 

Turns-ratio 

relationship 

(1: 𝑛) 

1: 0.86 

Switching 

frequency (𝑓𝑠) 
120 kHz 

Tank circuit 

parameters 

(𝐹, 𝑄) 

𝐹 = 1.1   

 𝑄 = 4 

OFFSET 𝑉𝑜𝐹𝐹 and 

𝐶𝑓 
350V, 4.7𝜇F 

LC Input 

Filter 

(𝐿𝑖 , 𝐶𝑖 , 𝑟𝑑) 

200𝜇H, 1𝜇F, 

1.1Ω 

 

Note that the series-connected capacitor 𝐶𝑓 in grid neutral point 

takes a small capacitance value (𝐶𝑓 = 4.7𝜇F) unlike a DC-link 

capacitor used in two-stage AC-DC converters which can take 

mF values [8].  Moreover, 𝑉𝑜𝐹𝐹 = 350𝑉 > 𝑉𝑚 = 220√2 =
311.12𝑉. Whereas, the LC AC filters take a small inductance 
value compared to two-stage AC-DC converters [6].  

The experimental setup is shown in Fig. 5. With the aim of 
validating the bidirectional power flow, a three-phase (3Ø) AC 
source were used. Similarly, a bidirectional DC source was used 
on the DC side.  

 

 

 

 

 

 

 

 

 

  

Fig. 5. The experimental setup for the QABSR AC-DC 2 kW prototype 

First, the controlled DC voltage 𝑉𝑂𝐹𝐹 in the grid neutral point 
was validated. The grid voltage 𝑣𝑎𝑛, the grid voltages with offset 
𝑣𝑎 = 𝑣𝑎𝑛 + 𝑉𝑜𝐹𝐹, 𝑣𝑏, 𝑣𝑐 and𝑉𝑂𝐹𝐹 are shown in Fig. 6. The DC 
voltage 𝑉𝑂𝐹𝐹 is controlled to ≈ 350𝑉.  

 

Fig. 6. QABSR input voltages 𝑣𝑎 , 𝑣𝑏 and 𝑣𝐶 with a DC offset.   

The 3Ø grid currents for grid-to-vehicle (G2V) and vehicle-to-
grid (V2G) modes are shown in Fig. 7 and 8 respectively, 
considering 𝜃 = 30° (active and reactive power transfer).  

 

Fig. 7. Grid currents for G2V considering active and reactive power (𝜃 = 30°) 

𝑖𝑎𝑛 𝑖𝑏𝑛 𝑖𝑐𝑛 𝑣𝑎𝑛 

𝑇𝐻𝐷𝑖 = 2.66 % 

DC SOURCE 

 

HF 

transformers 

with the 

SRC 

QABSR AC-DC prototype 

3Ø AC 

SOURCE 

FPGA 

OFFSET 𝐶𝑓 

capacitor 

𝑣𝑎 𝑣𝑏 𝑣𝑐 𝑣𝑎𝑛 𝑉𝑜𝐹𝐹
< 

350𝑉 
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Fig. 8. Grid currents for V2G considering active and reactive power (𝜃 = 30°) 

Note that, for G2V the THD is lower than V2G mode. This result 

is obtained because for V2G test, the converter was directly 

connected to the grid voltages which present some low 

frequency harmonics unlike the 3Ø source as shown in Fig.7. 

In Fig. 9 and 10 are shown the grid current 𝑖𝑎𝑛, the DC output 
current  𝑖𝑜 , and grid voltage 𝑣𝑎  for inductive (𝜃 = 30° ) and 
capacitive (𝜃 = −30°) reactive power in G2V, respectively.  

 

Fig. 9. Reactive power G2V for 𝜃 = 30° and 
𝛼𝑜

2
= 60°  

 

Fig. 10. Reactive power G2V for 𝜃 = −30° and 
𝛼𝑜

2
= 60°  

The modulated grid voltages 𝑣𝑎ℎ𝑓 and 𝑣𝑜ℎ𝑓 along with the HF 

current evaluated at 
𝛼𝑎

2
=

𝜋

2
  and 

𝛼𝑜

2
=

𝜋

3
 for G2V mode is shown 

in Fig. 11. Note that ZVS mode is obtained for both active 

bridges (ABs). Hence high efficiency is achieved.  

 

Fig. 11. Modulated grid voltages and HF current for G2V at 𝜔𝑔𝑡 =
𝜋

2
 

Likewise, the grid current 𝑖𝑎𝑛  for inductive (𝜃 = 30° ) and 

capacitive (𝜃 = −30°) and V2G mode are shown in Fig. 12 and 

13 respectively. Therefore, bidirectional active and reactive 

power flow was validated for V2G and G2V mode 

implementing the proposed modulation.  

 

Fig. 12. Reactive power V2G for 𝜃 = 30° and 
𝛼𝑜

2
= 60°  

 

Fig. 13. Reactive power V2G for 𝜃 = −30° and 
𝛼𝑜

2
= 60°  

The modulated grid voltages and HF current for V2G mode 

(evaluated at  
𝛼𝑎

2
=

2𝜋

5
  and 

𝛼𝑜

2
=

𝜋

3
 ) are shown in Fig. 14. Note 

that ZVS mode is obtained for both ABs. Moreover, the 

measured efficiency in G2V was lower than V2G mode (95.4% 

vs 96.2%). This decrease in the efficiency is because ZVS mode 

𝑖𝑎𝑛 𝑖𝑏𝑛 𝑖𝑐𝑛 𝑣𝑎𝑛 

𝑇𝐻𝐷𝑖 = 3.2% 

𝑖𝑎𝑛 𝑖𝑜 𝑣𝑎𝑛 

𝜃 = 30° 

𝛼𝑎
2
=
𝜋

2
 

𝛼𝑜
2
=
𝜋

3
 

𝜑 

𝑏) 

𝑖𝑎𝑛 𝑖𝑜 𝑣𝑎𝑛 

𝜃 = 30° 

𝑖𝑎𝑛 𝑖𝑜 𝑣𝑎𝑛 

𝜃 = −30° 

𝑖𝑎𝑛 𝑖𝑜 𝑣𝑎𝑛 

𝜃 = −30° 

𝑖𝐿 𝑣𝑜ℎ𝑓 𝑣𝑎ℎ𝑓 
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is lost in one leg of the ABs, on the AC side, for G2V when the 

DR angles 𝛼𝑎, 𝛼𝑏, 𝛼𝑐 take small angle values.   

 

Fig. 14. Modulated grid voltages and HF current for V2G for 𝜔𝑔𝑡 =
2𝜋

5
  

Finally, the HF 3P power decoupling is validated in Fig. 15 

where the modulated voltages 𝑣𝑎ℎ𝑓, 𝑣𝑏ℎ𝑓 , 𝑣𝑐ℎ𝑓  and the HF 

current 𝑖𝐿 are shown for three grid periods.  Note that the HF 

current has a constant amplitude throughout the grid period. 

 

Fig. 15. Modulated grid voltages and HF current in the tank circuit for three 

grid periods. 

The efficiency analysis for G2V is shown in Fig. 16.  

 

 

 

 

 

Fig. 16. Efficiency analysis for G2V mode. 

Note that the highest efficiency is obtained in G2V mode for the 

nominal power. In contrast, the lowest efficiency is obtained for 

the lower power transfer.  

IV. CONCLUSIONS  

A novel modulation for the single-stage QABSR 3P AC-DC 
converter is proposed in this article. The grid voltages with the 
DC offset are modulated by duty ratio modulation whereas the 
DC source is modulated by duty ratio and phase-shift 
modulation. The duty ratio and phase-shift angles can be easily 
calculated. The proposed modulation has the following 
advantages: (1) to control the bidirectional active and reactive 
power transfer with a decoupled grid currents control, (2) to 
obtain a HF current with a constant and smaller amplitude value 
throughout the grid period compared with other single-stage 
AC-DC structures, (3) ZVS mode is achieved in all active 
bridges obtaining high efficiency. Hence, the QABSR AC-DC 
converter implementing the proposed modulation is a good 
candidate for EV chargers implementing V2G functionalities. 
Futures studies will be focused in the analysis of closed-loop 
control with unbalanced grid voltages and improved dynamic 
response.  
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