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Dual-Buck Half-Bridge Voltage Balancer

Xianjin Zhang and Chunying Gong, Member, IEEE

Abstract—Micro-dc grid is a novel power system focused on the
development of renewable resources. However, two-wire transmit-
ting power mode is generally accepted in a micro-dc grid, which
is usually not suitable for the requirements of the input voltage
levels of different power converters and loads. In order to meet
the requirements, a half-bridge voltage balancer was introduced
in a micro-dc grid, which can convert a two-wire mode into a
three-wire mode in a micro-dc grid via a neutral line. However,
the shoot-through problem existing in bridge-type converters de-
grades the reliability of the voltage balancer. In this paper, a
dual-buck half-bridge voltage balancer and a control strategy
are proposed, which can avoid the shoot-through problem. The
small-signal model of the voltage balancer is derived for design-
ing the control parameters and the current relationships of the
inductors; the capacitors and the unbalanced loads are analyzed
particularly. Finally, a prototype, which can deal with 2-kW un-
balance ability, is built to verify that the proposed voltage balancer
may have a good ability of balancing the voltage by building a
neutral line.

Index Terms—Buck converter, dc distribution system, half
bridge, micro-dc grid, voltage balancer.

I. INTRODUCTION

MICRO-DC grid based on distributed generation system,
which can supply superhigh-quality electric power, is
widely focused on in recent years with the development of
renewable resource generations [1]—[8]. The use of the direct
current allows simplifying the insertion between the distribu-
tion generation and the network. It needs only one interface
converter with alternating current grid to make the operation
in islanding mode easier, without compromising the safety of
the public network [9], and it has a distinct benefit—a line loss
reduction [10]. A micro-dc grid is also dependent on all types
of interfacing converter, such as bidirectional converter and dc
converter [11], [12], grid-connected inverter [13]-[15], voltage
balancer [1]-[7], and so on.
However, a micro-dc grid usually has only one voltage
level in two-wire dc distribution system, and it is impossible
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to supply some types of loads at half voltage such as dc/ac
inverters needing a neutral line, converters with input voltage
balancing like half-bridge converter and three-level half-bridge
converter, and so on. In particular, when a micro-dc grid is
used in domestic and office places, a neutral line connected to
ground is favorable to the security of the persons. Obviously,
in practice, a micro-dc grid with two-wire power system is
impossible to meet the requirements of all electronic devices.
Thus, a half-bridge voltage balancer was specially introduced to
build a neutral line [1]-[7], which can easily convert a two-wire
dc grid into a three-wire dc grid by a neutral line. In practice, the
voltage balancer may be dispersedly used in any place where
the voltage balance is needed, and of course, it can be placed at
the output side of the power supply center for building a whole
three-wire dc grid. It is thus evident that the voltage balancer
improves the quality and flexibility of power supply in a micro-
dc grid.

Unfortunately, the topology of bridge-type converters maybe
suffers from shoot-through risk, which is a major drawback to
the reliability of this type of power converters. A dual-buck
half-bridge converter can avoid the shoot-through problem, the
freewheeling current goes through the independent freewheel-
ing diodes instead of the body diode of the switches, and all the
switches and diodes are operated at half of the line cycle; thus
the efficiency may be improved [16]-[21].

In this paper, a dual-buck half-bridge voltage balancer is
proposed. For meeting the characteristic of the proposed volt-
age balancer, a control strategy of respectively driving the two
bridge legs of the proposed voltage balancer to work for a high
efficiency is also presented. In order to select the parameters of
filter inductors and capacitors and to design the control system
parameters, the relationships of the currents of inductors, the
capacitors, and the unbalanced loads are described in detail, and
the small-signal model is derived. Finally, a prototype, which
may deal with 2-kW power unbalance ability, is fabricated in
the laboratory to verify that the dual-buck half-bridge voltage
balancer may have a good ability of balancing the voltage by
building a neutral line.

II. TOPOLOGY AND CONTROL STRATEGY OF
THE PROPOSED VOLTAGE BALANCER

A. Typical Structure of a Micro-DC Grid

A typical structure of a micro-dc grid [1]-[7] with a volt-
age balancer is shown in Fig. 1, where the voltage balancer
is used to construct a neutral line achieving two same volt-
age levels for requirements of different types of loads, such
as unbalanced loads, half-bridge converter and inverter, and
SO on.

0278-0046/$31.00 © 2012 IEEE



3158
[
DC bus
Voltage N Neutral line Ly
balancer _l_
1
] | | | |
| | [
— Balanced || Balanced ||Unbalanced||Unbalanced
% load load load load
Fig. 1. Typical structure of micro-dc grid.
+
+ C Rioad
1 D2
Uoun - .
IRLoadl
= . .
S‘J.': _ IRLoad2 R Load!
Ly
u.
" v M- #izf\_ IRLoad2
— Y Y >
i 11 Ll + C Lz iLg
2 S, = I:I
2 R Load
D, L N — |4 foad2
Fig. 2. Proposed dual bulk half-bridge voltage balancer.

B. Proposed Voltage Balancer

The proposed voltage balancer—a dual-buck half-bridge
voltage balancer—is shown in Fig. 2, which is made up of
a left bridge leg (S1,D1, L1), a right bridge leg (S2, D2, Lo),
and a neutral line L 5 usually connected to the earth ground. If
the complementary driving technology is adopted between the
switches S; and Ss, the two-inductor currents 77,1 and iy will
always exist during a switching period, and the unbalanced load
current value (igroad2 — ¢ RLoad1) 1S €qual to the different value
between the current average value ¢7,; and ir5. Thus, the two-
inductor currents will cause additional power losses. Obviously,
the complementary operational technology does not use an
advantage of the topology to improve the system efficiency. It
is very expected to have a control strategy that can drive the left
bridge leg and the right bridge leg, respectively, based on the
different power quantity of the unbalanced loads.

C. Proposed Control Strategy

The proposed control strategy is presented in Fig. 3. The
output signal u. of the voltage regulator is directly sent to
control the switch Sy, and its negative value (—u,) controls the
switch So. Combining Figs. 2 and 3, it may be concluded that,
when Rpoaq2 1s lower than Ry .41, the signal u, is positive and
the left bridge leg will be driven while the right bridge leg will
not work, and on the contrary, the signal u. is negative and the
right bridge leg will be driven. It is thus clear that only one of
the two bridge legs will work during every switching period and
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Fig. 4. Driving signal and inductor current waves under CCM.

the loss of the other bridge leg will be avoided compared with
the complementary driving technology.

III. OPERATING PRINCIPLE BASED ON THE
PROPOSED CONTROL STRATEGY

As similar to a buck converter, each bridge leg maybe op-
erates in continuous conduction mode (CCM) and discontin-
uous mode operation (DCM). For simplifying the analysis of
the operational principle, some assumptions are made: 1) All
inductors and capacitors are ideal, C; = Cy = C, and Ly =
Lo = L; 2) the output voltages uqyt1 and uqyg2 are not changed
during each switching process; and 3) all power switches and
diodes are the ideal devices with ignored switching time and
conduction voltage drop. As the operating procedures of the
right bridge leg are the same as those of the left bridge leg, only
the analyzing principle of the left bridge leg is given.

A. CCM of Left Bridge Leg

The driving signal w1, the current 77,1, and the equivalent
circuits are shown in Figs. 4 and 5, respectively, during CCM.
From Fig. 4, there are only two main operating modes during
each switching period.

1) Mode 1 [to,t1] [Refer to Figs. 4 and 5(a)]: The switch
S1 is turned on at the time tg, and the current 77 increases
linearly

Ll% = Uin — Uout2 = Uoutl- (l)

During this mode, the input voltage w;, sends additional
energy to the load Ry aq2 through the inductor L, . The voltage
stress of the freewheeling diode D; is the input voltage wu;y, .
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Fig. 5. Equivalent circuits under CCM. (a) Mode 1. (b) Mode 2.

2) Mode 2 [t1,t5] [Refer to Figs. 4 and 5(b)]: The switch
S; is turned off at the time ¢;, and the current 7,1 will continue
to run through the freewheeling diode D;. The current i
decreases linearly

Ll % = —Uout2- (2)

The procedure will end when the S; is turned on again at the
time ¢5. During this mode, the voltage stress of the switch S;
is also the input voltage u;,,. From the time ¢,, a next operating
period will start.

As the voltage uoyt1 1S the same as o420 under the stabiliza-
tion and a voltage-second product of an inductor is zero during
a period, it can be concluded

Uous1 (t1 — t0) = Uous2 (t2 — t1). 3)

Thus, the time (¢; — to) is equal to the time (¢t — ¢1), i.e., the
turn-on time is equal to the turnoff time.

B. DCM of Left Bridge Leg

There are three operating modes under DCM. The g1,
111, and equal circuits are shown in Figs. 5-7, respectively.
From Fig. 6, it can be concluded that the mode 1 [to,t1] and
the mode 2 [t1,¢2] are in accordance with the two modes
under CCM, respectively. Therefore, only the mode 3 [t2, t3] is
given.
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Fig. 7. Equivalent circuit of the mode 3 under DCM.

Mode 3 [ta,ts] [Refer to Figs. 6 and 7]: From the time
ta, the loads Rroaq1 and Ryoaqo are supplied by the voltage
sources Uqyr1 and uquio because the current 77, decreases to
zero. According to the voltage-second product of an inductor, it
is got from Fig. 6

Uout1 (t1 — t0) = Uout2(t2 — t1). “4)

Thus, the time (¢t — tp) is equal to the time (to — t1); this
means that the turn-on time (¢; — ¢() is smaller than the turnoff
time (tg — tl).

IV. MAIN CURRENT RELATIONSHIPS

As is known to all, the current relationship of filter inductors
and capacitors is the important basis for selecting the value of
filter inductors and capacitors and building an average small-
signal model in power converters. Therefore, the main current
relationships of the voltage balancer will be analyzed in detail.
For simplifying the analyses, the current relationships are de-
fined in Fig. 8, and waveforms are shown in Fig. 9. Because
of having the similar operating procedure, only the current
relationships of the left bridge leg operation is analyzed. The
analysis of the current relationships is divided into two parts
according to the value of the inductor current iz, .

A. Current i1, Not Zero

The current waveforms are shown in Fig. 9 during the time
(to — t2). As the sum of Uyt and uyto is equal to wiy,, the
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Fig. 9. Main current relationship waveforms of the left bridge leg. (a) CCM.
(b) DCM.

ripple voltage Augyutr Of uoutr 1S also equal to the negative
ripple voltage —Augyte of Uouse

Ts Ts
1 . 1 .
Atgyyy = 071/201 dt = _62 /202 dt = -Augurz ()
to to

where T's = t9 — tg in Fig. 9(a) or T's = t3 — t( in Fig. 9(b).

As the average value of the current i; is the load current
1RLoad1, the ripple current Aidy is equal to the current iy of
the capacitor C'. Thus, the ripple current Ais is also equal to
the current ico of the capacitor Cs

o ©
According to (5) and (6), it yields under C, = Cs
Aiyp =ic1 = —Aiy = —ica. (7
As iy =11 + 111, it can be got
Aipy = Aig — Ay (8)
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where Aiy; is the ripple current of the inductor L;. It is
obtained by using (7) and (8)

Aipy = 2igo = —2ic1. 9

Therefore, the Aiy is twice of the currents of i1 and i¢o.

B. Current 11,1 Zero

The current relationships are shown in Fig. 9(b) between the
time ¢ and t3. As iy iS zero, the current 71 and 75 will not be
associated with the current ¢71. That is to say, i1 = io.

The powers P,y¢1 and P,y of the loads Ry oaq1 and Ry oad2
are U271/ RLoad1 and u2 .5/ RLoadz2, Tespectively. As the input
power P, (P, = Uin X i) is the sum of Puyyp and Poygo
without power losses, the current ij, is (Pout1 + Pout2)/Uins
which is equal to ¢; and i5. Due to uoyt1 = Uoutz and Ripaqs <
R10aq1 under stable condition, we can get i5 < iRLoade and
i1 > iRLoad1- Thus, the capacitor Cy supplies a current (icy =
iRLoad2 — %2) to the load Ry oaq2 by discharging, which results
in the uoyuto linearly falling down, whereas the capacitor Cy
is charged by the current (ic1 = 41 — iRLoad1), and the oyt
linearly rises. Because of uout1 + Uout2 = Uin, the Augyg; and
o1 are also equal to —Augyo and —igoa, respectively.

V. AVERAGE SMALL-SIGNAL MODEL

In order to select the control system parameters, the average
small-signal model of the voltage balancer under CCM is
derived. The duty cycles of S; and So are defined as d;(d; =
D, + cil) and ds(de = Dy + Cig), respectively, where D1, Do,
dy, and d are stable duty ratios and the perturbations of d; and
dy. Moreover, the voltage ui, and w2 are defined as w;, =
Uin + Ui and uoute = Uouto + Uout2, respectively, where Uy,
Uout2, Uin, and ucyo are the stable voltage values and the
perturbations of u;, and ugyo.

A. Average Small-Signal Model of Left Bridge Leg

From Fig. 8, we can obtain (10) and (11) when the left bridge
leg operates under CCM.
1) S; turning on

dipy _
dat Uin — Uout2

ur1 =1Ly

- d . d(uin—u .
i =ChPtenz = jp g 4 €y Win—ttowz) | sytionss _ _ttowa
(10)
2) Si turning off
— L, %L1 — .
ur1=4_41 dt Uin — Uout2
P duoutaz 7 d(Uin—Uout2) | Uin—Uout2 _ _Uout2
ica=C2 a1 +01 dt + Ricad1 Rroadz
(11)

According to the methods of building average model, it can
be derived from (10) and (11)

da - 5 -
L# = Dluin +d1 Uin —Uout?2

dliout2 7 diiy Uin 1 1
20 dt i1 +C dt + Rioad1 RrLoad1 + Rroad2

) Uout2-
(12)
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Thus, the transfer function of the output voltage uqut2 versus
the duty cycle d; is presented by

ﬁ/oth (S)

Gout2d1 (3) = Jl(s)

ﬂin(s):o

Uin
Rioad1 + Rio ad2) +1

It is obvious that the transfer function is similar to that of a
buck converter.

13)

T 9L0S?+ LS (

B. Average Small-Signal Model of Right Bridge Leg

From Fig. 8, (14) and (15) may be got when the right bridge
leg operates under CCM.

1) S5 turning on

d’LL

ur2 = Lo 2 =tuout2

i C duoutz =C d(Uin —Uout2) + Uin —Uout2 _ _Uout2 __ 7

c2=%2 -1 dt Rioad1 Ricad2 L2-
(14)

2) S, turning off

'L

ury= Lo " = (Uin — Uout2)

; _ duguta d(Uin —Uout2) Uin —Uout2 _ _Uout2 _ ;5

ic2=C2 dt =0 dt + Rioadl Rroad2 222
(15)

According to the methods of building average model, (14)
and (15) are rewritten by

da N N 5
L2 =tgut2 — (1 — Da)ilin+daUsn
dioute dum Uin 1 1 ~ oz
¢ dt =05+ RrLoad1 Rioad1 + Rronas) Yout2 —2L2-

(16)
The transfer function of the output voltage w2 versus the
duty cycle d5 is given by

ﬁ/out2 (S)

Gour2d2(s) = 0 (s)

iin (8)=0
o _Uin
2LOS? + LS (RL ad1 + RLoad2) +1

A7)

Comparing (13) and (17), the right bridge leg is running
backward buck converter. Moreover, combining Fig. 3, (13),
and (17), the control system diagram of the voltage balancer
can be illustrated by Fig. 10, where K,, is the amplitude
of the unipolar triangle carrying wave uy,, k is the feedback
coefficient, and

Uin
2L052+LS( R )

Rioad1 Rpoadz

Gout2d (S)

It is obvious that Goyt24(,S) is similar to the transfer function
of a buck converter, and thus, the designing method of the
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Fig. 10. Control system diagram.

control system parameters of the voltage balancer may be
according to that of a buck converter.

VI. SIMULATION RESULTS

In order to confirm the aforementioned analysis, the com-
puter simulations of the main current relationships and the loads
transiently changing are carried out by using software Saber,
and the other condition simulations are ignored. Considering
single phase 110 V for a half-bridge inverter and single phase
220 V for a full-bridge inverter, the dc bus voltage (input
voltage u;y,) is selected to be 360 V. The other main simulation
parameters are listed: switching frequency of 25 kHz, L; =
Lo =230 pH, and C; = Cy = 470 pF.

A. Simulations of the Current Relationships

In this section, only the simulation results of the current
relationships of the left bridge leg are given. The simulation
results of the current relationships are given in Fig. 11.

In Fig. 11, it includes CCM [Rp .41 = 100 Q and Ryaq2 =
10 © as shown in Fig. 10(a)] and DCM [Ry,caq1 = 40 2 and
Rr0ad2 = 30 € as shown in Fig. 11(b)]. As seen from Fig. 11,
under nonzero iy, it can be easily concluded that Augyyr =
—AUgut2, ic1 = o2, and Aip =ica — ic.

When the inductor current ip; is zero, we can get
Pout1 = uguﬂ/RLoadl =810 W, P,z = ugth/RLoad2 =
1080 W, 4in = (Pout1 + Pout2)/Uin = 5.25 A, i = i1 = 4, =
5.25 A, iRLoadl = Uout1/RLoad1 = 4.5 A, and igpread2 =
Uout2/ RLoaa2 = 6 A under steady state. Because of iy <
1 RLoad2, the lacking current (i2 — igLoad2 = —0.75 A = i¢9)
is supplied by the capacitor Cs discharging, and the voltage
Uouse linearly drops. Due to i1 > igpoad1, the capacitor C is
charged by the surplus current (i1 — igroaar = 0.75 A =ic1),
and the voltage w41 linearly rises. These states are presented
in Fig. 11(b).

B. Simulations of Loads Instantly Changing

Fig. 12 shows the simulation results of loads transiently
changing, where Fig. 12(a) gives the results of the load current
i RLoad2 = 2.3 A and the load current ¢ p1,0aq1 changes from 0
to 6.7 A; Fig. 12(b) describes the results of igroaq1 = 1.8 A,
and the i gy,0aq2 changes from 0 to 5 A.

As seen from Fig. 12, the left bridge leg will operate when
1 RLoad2 18 larger than iprroaq1; otherwise, the right bridge leg
will run. At the same time, the output voltages uoyut1 and Ueyt2
are nearly equal, although they have obvious fluctuations when
the loads are instantly changed. The fluctuations are mainly
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Fig. 11.  Simulation results of the current relationships under the left bridge

leg operation. (a) CCM. (b) DCM.

caused by a longer regulated time of the voltage regulator
whose output signal polarity is altered under transiently chang-
ing loads as seen from Fig. 3.
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Fig. 12. Simulation results under loads transiently changing. (a) Ryoad1
transiently changing. (b) Ry,oaq2 transiently changing.

VII. EXPERIMENTAL RESULTS

A dual-buck half-bridge voltage balancer has been built
to verify the results of the analysis. The switches S; and
So and the freewheeling diodes D; and D> are selected to
be SPW47N60C3 and DSEI60-06A, respectively. The other
main parameters are the same as the parameters used in the
simulation.

Fig. 13 shows the experimental results under the left bridge
leg operation (CCM: iRLoad1 = 1.8 A, TRLoad2 = 12.0 A,
Uoutl = 180.1 V, and Uout2 = 180.1 V; DCM: iRLoadl =
2.8 A, iRLoad2 = 6.0 A, uUoutr = 180.5 V, and uoutz =
180.3 V).
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Fig. 14 gives the experimental results under the right bridge
leg operation (CCM: iRroad1 = 12.7 A, iRLoad2 = 2.4 A,
Uout1 = 179.6 V, and uguto = 179.7 V; DCM: 1R10ad1 =

Uour] (V) IRLoad! (A) Upur2 (V) IRLoad2 (A) Au (V)
179.7 0.72 180.0 1.98 -0.3
176.2 0.71 176.7 3.62 -0.5
180.5 2.80 180.3 6.0 0.2
180.1 1.80 180.0 12.0 0.1

4.5 A, iRLoadQ =20 A, Uoutl — 180.0 V, and Uout2 =—
179.8 V). From Figs. 13 and 14, it can be obtained that the
experimental results are in accordance with the analysis under
CCM and DCM.

Fig. 15 shows the experimental waveforms when the loads
Ri0a41 and Ry,0aq2 are transiently changed, respectively, where
Uout1 aNd Uoyee are 179.7 and 179.8 V before changing Ry oad1
and are 179.6 and 179.8 V after changing Ry .q1 in Fig. 15(a);
Uoyt1 and ugyto are 179.6 and 179.8 V before changing Ry,aq2
and are 179.7 and 180.1 V after changing Ry .42 in Fig. 15(b).
Fig. 15 indicates that the proposed voltage balancer using
the proposed control strategy can well maintain the voltage
balance when the loads are transiently changed. Moreover,
we can see that the output voltages have a distinct ripple,
which is caused by a long dynamic response time as seen from
Fig. 3.

Tables I and 1II list the experimental data under the different
input voltages and loads, where Au = wuout1 — Uout2. These
experimental data indicate that the proposed voltage balancer
can achieve a good balancing ability.
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TABLE 1I
EXPERIMENTAL DATA UNDER RIGHT BRIDGE LEG OPERATION

Uour1 (V) IRLoadl (A) Uou2 (V) iRLoad2 (A) Au(V)
181.6 1.52 181.4 0.87 0.2
177.1 3.20 177.4 0.84 -0.3
179.6 6.70 179.8 2.30 -0.2
179.6 12.70 179.7 2.40 -0.1

VIII. CONCLUSION

In this paper, a dual-buck half-bridge voltage balancer and
its control strategy are proposed. This type of voltage balancer
can well resolve the shoot-through problem. It can build a
neutral line to balance two output voltages for different loads
in a micro-dc grid. At last, the simulation and experimental
results are done to illustrate the proposed voltage balancer
having a good ability of balancing output voltage even if under
the different input voltage, unbalanced loads, and transiently
changing loads.

REFERENCES

[1] H. Kakigano, Y. Miura, T. Ise, and R. Uchida, “DC voltage control of the
dc micro-grid for super high quality distribution,” in Proc. IEEE Power
Electron. Spec. Conf., Jeju, Korea, 20006, pp. 518-525.

[2] H. Kakigano, Y. Miura, T. Ise, and R. Uchida, “DC micro-grid for super
high quality distribution—System configuration and control of distributed
generations and energy storage devices,” in Proc. Power Electron. Spec.
Conf., 2006, pp. 1-7.

[3] M. Brenna, E. Tironi, and G. Ubezio, “Proposal of a local dc distribu-
tion network with distributed energy resources,” in Proc. 11th Int. Conf.
Harmon. Quality Power, 2004, pp. 397-402.

[4] H. Kakigano, Y. Miura, and T. Ise, “Low-voltage bipolar-type dc micro-

grid for super high quality distribution,” IEEE Trans. Power Electron.,

vol. 25, no. 12, pp. 3066-3075, Dec. 2010.

J. Lago, J. Moia, and M. L. Heldwein, “Evaluation of power converters to

implement bipolar dc active distribution networks—DC-DC converters,”

in Proc. Energy Convers. Congr. Expo., 2011, pp. 985-990.

H. Kakigano, A. Nishino, and T. Ise, “Distribution voltage control for dc

microgrid with fuzzy control and gain-scheduling control,” in Proc. Int.

Conf. Power Electron., 2011, pp. 256-263.

[71 T. Tanaka, T. Sekiya, Y. Baba, M. Okamoto, and E. Hiraki, “A
new half-bridge based inverter with the reduced-capacity dc capacitors
for dc micro-grid,” in Proc. Energy Convers. Congr. Expo., 2010,
pp. 2564-2566.

[8] H. Kanchev, D. Lu, F. Colas, V. Lazarov, and B. Francois, “Energy man-
agement and operational planning of a microgrid with a PV-based active
generator for smart grid applications,” IEEE Trans. Ind. Electron., vol. 58,
no. 10, pp. 4583-4592, Oct. 2011.

[91 1547TM IEEE Standard for Interconnection Distributed Resources With
Electric Power Systems, IEEE Standard Coordinating Committee 21.

[10] P. Chiradeja, “Benefit of distributed generation: A line loss reduction
analysis,” in Proc. Transmiss. Distrib. Conf. Exhib., Asia—Pac., 2005,
pp. 1-5.

[11] L. S. Yang and T. J. Liang, “Analysis and implementation of a novel
bidirectional dc—dc converter,” IEEE Trans. Ind. Electron., vol. 59, no. 1,
pp. 422434, Jan. 2012.

[12] S. V. G. Oliveira and I. Barbi, “A three-phase step-up dc—dc converter with
a three-phase high-frequency transformer for dc renewable power source
applications,” IEEE Trans. Ind. Electron., vol. 58, no. 8, pp. 3567-3580,
Aug. 2011.

[5

=

[6

—

IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS, VOL. 60, NO. 8, AUGUST 2013

[13] Y. Wang, Q. Gao, and X. Cai, “Mixed PWM for dead-time elimination and
compensation in a grid-tied inverter,” IEEE Trans. Ind. Electron., vol. 58,
no. 10, pp. 4797-4803, Oct. 2011.

[14] J. M. Espi, J. Castell6, R. Garc’a-Gil, G. Garcerd, and
E. Figueres, “An adaptive robust predictive current control for three-phase
grid-connected inverters,” IEEE Trans. Ind. Electron., vol. 58, no. 8,
pp. 3537-3546, Aug. 2011.

[15] N. A. Rahim, K. Chaniago, and J. Selvaraj, “Single-phase seven-level
grid-connected inverter for photovoltaic system,” IEEE Trans. Ind. Elec-
tron., vol. 58, no. 6, pp. 2435-2443, Jun. 2011.

[16] J.Liuand Y. G. Yan, “Novel current mode controlled bi-buck half-bridge,”
J. Nanjing Univ. Aeronaut. Astronaut., vol. 25, no. 20, pp. 122-126,
Mar. 2003.

[17] C. H. Zhu and Y. G. Yan, “A novel series/parallel output dual buck
inverter,” Proc. China Soc. Elect. Eng., vol. 25, no. 20, pp. 12-15, Oct.
2005.

[18] H. X. Ma, C. Y. Gong, and Y. G. Yan, “Output filter design of half-bridge
dual-buck inverter using hysteresis current controller,” Proc. China. Soc.
Elect. Eng., vol. 27, no. 13, pp. 98-103, Jul. 2007.

[19] H. Z. Wang, Z. Q. Cai, J. Liu, and Y. G. Yan, “A novel three level dual
buck half-bridge inverter,” Trans. China Electron. Soc., vol. 24, no. 2,
pp. 73-77, Feb. 2009.

[20] Z. L. Yao, L. Xiao, and Y. G. Yan, “Dual-buck full-bridge inverter with
hysteresis current control,” IEEE Trans. Ind. Electron., vol. 56, no. 8,
pp. 3153-3160, Aug. 2009.

[21] H. F. Xiao and S. J. Xie, “Transformerless split-inductor neutral point
clamped three-level PV grid-connected inverter,” IEEE Trans. Power
Electron., vol. 27, no. 4, pp. 1799-1808, Apr. 2012.

Xianjin Zhang was born in Jiangsu Province, China,
in 1975. He received the B.S. degree in automation
control from the Guilin University of Electronic
Technology, Guilin, China, in 1998 and the M.S.
degree in electrical engineering from the Nanjing
University of Aeronautics and Astronautics, Nan-
jing, China, in 2005, where he is currently working
toward the Ph.D. degree in electrical engineering
in the Aero-Power Sci-Tech Center, College of Au-
tomation Engineering.

He is also with the School of Electronic Engineer-
ing, Huaihai Institute of Technology, Lianyungang, China. He is the author or
coauthor of more than 20 technical papers. His current research interests are on
distributed power system, high-frequency power conversion, and power factor
correction techniques.

Chunying Gong (M’07) was born in Zhejiang
Province, China, in 1965. She received the B.S, M.S.,
and Ph.D. degrees in electrical engineering from the
Nanjing University of Aeronautics and Astronautics
(NUAA), Nanjing, China, in 1984, 1990, and 1993,
respectively.

She is currently a Professor with the Aero-Power
Sci-Tech Center, College of Automation Engineer-
ing, NUAA. She is the author or coauthor of over
80 technical papers in journals and conferences. Her
research interests are on distributed power system,
high-frequency power conversion, power factor correction techniques, and
modeling and control of converters.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


