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In this paper, a generalized switching function-based space vector
modulation (SVM) algorithm is presented and evaluated to minimize the dc
voltage utilization and the ac utility grid current total harmonic distortion.
This paper explores the control and modulation techniques of a single-phase
three-leg converter with an active power decoupling method, where
a generalized SVM algorithm is proposed and evaluated for easy
implementation in a digital control platform. The active power decoupling
method with the proposed converter can be achieved via dependent
control and modulation techniques. The control method is separated into
the ac active power control part and the dc power ripple control part, which
can maintain a unity power factor at the ac utility grid and reduced
the double-frequency ripple power effect on the dc-side. Simulation results
validate the performance of the modulation algorithm and its control and
demonstrate the feasibility of the proposed power converter, as well as

Voltage source converter the two mentioned operation modes of the power converter.
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1. INTRODUCTION

A single-phase voltage source converter is generalized use in the application of renewable energy
sources and distributed generation systems such as solar photovoltaic (PV) systems, battery energy storage
systems (BESS), ac-fed railway traction drive systems, and microgrid systems, etc. [1-4]. It is common
knowledge that the traditional single-phase voltage source converter has some of the concerns with
the standard power factor controller, in which the ac utility grid voltage and current are sinusoidal and
unbalanced of the instantaneous power between ac-side power and dc-side power, from which
a double-frequency ripple power will generate at the dc-side voltage [5-7]. The double frequency power
ripple can be damaging to the system performance of the converter system. Mainly the double-frequency
ripple power will cause degenerated lower efficiency and overheating when a solar PV system or a BESS is
connected to the dc-side voltage [7-9]. In addition, the double-frequency ripple power will generate the beat
phenomenon in the motor current of the ac-fed railway traction drive system, which causes power loss,
torque pulsation, and audible noise [10, 11].

In recent times, numerous strategies of the passive power decoupling in the single-phase voltage
source power converters, including modulation and control techniques, were conduct a survey as eliminating
the double-frequency ripple power at the dc-link voltage [5-28]. The double-frequency ripple power has
previously been accomplished using an active component to transfer from dc-link voltage to another energy
storage component. In [5, 6], an inclusive review of the methods for exterminating the double-frequency
ripple power at the dc-link voltage, utilizing an additional active power circuit with different structures and
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control strategies can be found. There are lots of different designs for single-phase voltage source converters.
The single-phase three-leg voltage source converter is composed of the two-phase legs known as
the H-bridge converter. The third phase leg with a half-bridge converter, including an ac storage capacitor
and the ac inductor are added, as reported in [11-15]. The voltage of the capacitor achieves excellent
double-frequency ripple power performance. Furthermore, the third phase leg voltage of the power converter
is higher than another phase legs. Consequently, the dc-link voltage requirement is significantly increased,
which has an effect on the high voltage stress of the power switches.

The utilize of the single-phase three-leg voltage source converter with active power decoupling
method as control, and modulation techniques have been carried out in literature [11, 13, 14]. In [11],
the sinusoidal pulsewidth modulation (SPWM) of the three-leg power converter in the single-phase system
was first presented. This modulation technique effectively overcomes the effects of dramatically increasing
the dc voltage. Accordingly, the voltage stress of the switches is higher, and the size and weight of passive
components are more massive. In [13], the pulse-width modulation control and the choice of the voltage
reference and ac capacitance optimization for a three-phase legs power converter with an active power
decoupling are investigated in detail. The control scheme can be minimized the voltage and current stresses
of the power switches in which the size of the dc-link capacitor can be reduced by ten times.
Nevertheless, the modulation technique has not been considered in the particulars. In [14], the modified
SPWM techniques of the three-phase legs power converter with active power decoupling applied in
the single-phase system are proposed. The modulation technique involves a zero-sequence voltage injection.
As a result, the decrease of ac-side capacitance is improved, and the power converter efficiency is achieved.

In this paper, the generalized switching function-based space vector modulation algorithm is offered to
the single-phase three-leg voltage source converter with an active power decoupling method, see Figure 1 (a).
The chief advantages of the proposed converter system are improved dynamic performance, simplified control
structure, unity power factor (UPF), and elimination of the double-frequency ripple power on the dc-link
voltage side. Moreover, the proposed control system is suitable for bidirectional voltage source converters.

2. CIRCUIT CONFIGURATION AND OPERATING PRINCIPLES
2.1. Proposed power converter configuration and system model

Figure 1(a) illustrates the power circuit configuration of the single-phase three-leg voltage source
converter with an active power decoupling method. This topology is two main parts: 1) The conventional
H-bridge power converter part is constituted of phase-A and phase-B, which is controllable for the utility grid
active power factor correction (PFC); 2) The proposed power circuit to eliminate the double-frequency ripple
power in the converter system. The additional power switch is connected to phase-C with two active power
switches, and the ac-side of the capacitor and inductor are added.
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Figure 1. Single-phase three-leg voltage source converter with an active power decoupling method,
(a) power circuit, (b) principle of power ripple compensation

According to Figure 1(a), the average mathematical modeling of the power converter under
the switching period can be described by
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where vy is the ac utility grid voltage, vcg is the ac-side capacitor voltage, ig is the ac utility grid current, icg is
the ac-side capacitor current, vag is the output converter voltage between phase-A and phase-B, vcg is

the output converter voltage between phase-C and phase-B, Lg: is the filter inductor of the ac utility grid,
and L is the ac-side capacitance.

2.2. Power decoupling principle of the power converter

Figure 1(b) shows the idealized operating waveforms of the double-frequency ripple power
cancellation by the ac-side capacitor. Assuming that the waveforms of the ac utility grid voltage and current
are ideally sinusoidal, and not factoring the switching and conduction losses and filter inductance in
the circuit, the voltage, and current waveforms can be defined as

V, = JEvg sin (wgt)

_ _ )
iy =~/21, sin(w,t+¢)

where Vg and Ig are the rms of the ac utility grid voltage and current, respectively, ay is the ac utility grid
angular frequency, and ¢ is the power factor angle. In (2), the instantaneous ac power of the converter pas,
which assume the instantaneous ac power grid, is expressed as

99 g—gl'g

. di, . . z -
Pas = V,i —Lglalg =V, 1, cos(¢)+V,I,sin angt+¢—E -aw,L,,l S|n(2wgt+2¢) (3)

Therefore, the instantaneous ac power of the converter includes the average dc power pasavg
and the double ripple frequency of the instantaneous ac power of the converter pas2.. Therefore,
the instantaneous double-frequency ripple power of the converter is obtained

P20 = Pag 20, SIN (Za)gt + Pne ) 4)

In which the magnitude and the angle of the instantaneous double-frequency ripple power can be defined as

2 2 -
PAB,Z(u:\/<Vg|g) +(609L91|g2) —2m,L,V, 13 sin(g)
o :tanl[ V, 1, cos(¢)+a,L,,12sin(2¢) ()

V1, sin(¢) -, Ly, 1% cos(2¢)

ggl'g
Similarly, the voltage and current of the ac-side capacitor are defined as

Vo, =2V sin(m,t+ 0, )
_ . - ®)
e, =C, avcg =~N20,C V. cos(a)gt+ecg)
where V¢q is the rms of the ac-side capacitor voltage, icg is the instantaneous of the ac-side capacitor current,
Cq is the ac-side capacitor, and 6cq is the angle of the ac-side capacitor voltage. Therefore, the instantaneous
power of the ac-side capacitor pcs is given as

. di, V&

Pes = Vegicy — Ly —icy = ——Sin (2t + 26, ) (7)
dt Zeg

where Z.; =

_ngQZ
99
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The double-frequency ripple of the instantaneous ac power in (4) is a sinusoidal function,
which results in an undesirable double-frequency ripple power on the dc-link voltage. However, the power
ripple should be buffered at the decoupling circuit by the ac-side capacitor. Therefore, the relationship of
the active power can be expressed as

Pac = Pag.avg +( Pa 20 ~ pCB) )

where pqc is the average dc power.

According to (4) and (7), the double-frequency ripple power of the instantaneous power can be
compensated straight through the instantaneous power generated by the ac-side capacitor, which satisfied as
Pce = pas.20o. Consequently, the magnitude of voltage and current, and the phase angle of the ac-side capacitor
should satisfy as

%
VCg = \[ PAB,ZwZCB ) ICg = Z_g' QCg = % )

The double-frequency ripple power can be canceled by the ac-side capacitor, which is disappearing
in the dc-side of the power converter. It can also see that the required dc-side capacitance for retaining
constant dc-link voltage can be necessarily reduced. Figure 2 illustrates the phasor diagram of the proposed
power converter. In the condition of the UPF, the ac-side capacitor phase angle can be described as:

- When the inverting operating mode, the active power flows into the dc-side and flows out of the ac utility
grid: The ac utility grid current is out of phase (¢ = 7), and the ac-side capacitor phase angle €y is /4.

- When the rectifying operating mode, the active power flows out of the ac utility grid and flows into
the dc-side: The ac utility grid current is in phase (¢ = 0), and the ac-side capacitor phase angle 6cq
is -4.
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Figure 2. Phasor diagram for the proposed power converter

3. CONTROL SYSTEM

To improved the effectiveness and feasibility of the proposed SVM technique for the power
converter, a control strategy is applied to the proposed power converter. Figure 3 illustrates the details of
the proposed control system. It should be pointed out that the power converter system controller composed of
the ac active power controller part and the dc ripple power controller part. The representation of the control
system for the power converter is presented in this section.

3.1. AC active power controller

In the upper part, see Figure 3, the ac active power control part is similar to the conventional grid
current control in the H-bridge converter. The external dc-link voltage loop controller Gpyvgc generates the ac
grid current amplitude for regulating the dc-link voltage to follow the voltage command. At that time,
the internal grid current loop controller Gpgrig generates the reference voltage of the converter between
phase-A and phase-B for regulating the ac utility grid current to track ac current command. The dc-link
voltage is maintained at a dc voltage command by using a proportional-integral (P1) controller which offers
the reference value of the ac utility grid current command, as follows
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where kpvac and ki vqc are the proportional and integral gains, respectively, at the dc-link voltage controller.
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Figure 3. The proposed system controller of the single-phase three-leg voltage source converter
with an active power decoupling method

To achieve the UPF condition and low total harmonic distortion (THD) of the ac utility grid current,
the instantaneous current command is synchronized with the ac utility grid voltage utilizing a phase-locked
loop (PLL) scheme. The system controller is modified the second-order generalized integrator PLL
(SOGI-PLL) for the proposed power converter. It has proven to be robust against harmonics and voltage
distortion [29, 30]. The command of the dc-link voltage controller is taken as the amplitude of the ac utility
grid current. Multiplied by the ac utility grid voltage, it is utilized as the command for the inner-loop current
control. A proportional-resonant (PR) controller of the ac utility current command can be expressed as

chkR,|95
Gens, (8) =ke, T 2w+ (11)
c g

where ke, and kr,q are the proportional and resonant gains, respectively, at the ac utility grid current PR
controller and «x is the cutoff bandwidth.

3.2. DC ripple power controller

The lower part of Figure 3 is the dc power ripple control scheme, which consists of the ac-side
capacitor current and voltage controllers. The objective of this controller is to reduce the twice harmonic
ripple in the dc-side of the power converter. For the ripple power control, the commands for the ac-side
capacitor current and voltage are calculated by the decoupling power calculation block diagram according to
the measured ac utility grid voltage and current. These commands have fluctuated at twice harmonic ripple
the ac utility grid frequency to recompense for the power fluctuation. The commands for the ac-side capacitor

voltage and current, v(*:g and igg , are calculated according to (9), given by

Vey = \/Pag 20Zcs SIN (a)gt +0c4 )
Ve 1)
_—cos(a)gt+¢9cg)

CcB

%

Ieg

In (12), the ripple power compensating is offered by the controller, as illustrated in Figure 3.
The ac-side capacitor voltage command is selected appropriately. To measure the amplitude of the ac-side

capacitor voltage vcg, and comparing with the ac-side capacitor voltage command v;g , the outer loop can be
a PR controller, expressed as
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2w kK., S
C R,ch (13)

GPR'VCQ (S) = kP’VCQ * s% + 2w,S+ Cl)gz

where kevcg and kryvcg are the proportional and resonant gains, respectively, at the ac capacitor voltage PR
controller. For the inner loop, a PR controller, as shown in (14), is normally considered, as its primary
function is to improve the performance of the converter system.

2a)ckRIcg S

Ger.ig, (s)= K1, + (14)

s’ +2w,5+ o)

where kp,icg and kr,icg are the proportional and resonant gains, respectively, at the ac-side capacitor voltage
PR controller. According to Figure 3, the converter voltage commands for successful power decoupling
generated by the system controller can be obtained as

Vig = Gpe, (s)(|; —i, )—vg

N (15)
Vs = Geryi,, (s)(lCg —ieg )+vCg

Finally, the converter voltage commands v,, and v, in (15) are designed according to the dynamic

modeling of the power converter. The converter voltage commands are used by the proposed SVM algorithm
to generate the gating signals for the proposed power converter.

4. PROPOSED GENERALIZED SVM ALGORITHM

In the following section, a generalized switching function-based SVM technique for a single-phase
three-leg voltage source converter with an active power decoupling method is discussed. This algorithm is an
enlargement of the two-voltage modulator inside the space vector diagram, in that the reference vector is
situated. The reference vector is used to generate the switching sequence for the SVM, as explained
in the later section. The generalized SVM algorithm is flexibility and generalization to the proposed
power converter.

4.1. Switching states

A three legs power converter in the single-phase system can establish eight detached switching
states. All the switching states of the proposed power converter are defined in Table 1, which are eight
voltage vectors. The four voltage vectors, V,,V,,V, and V,, produce the Vg (V,,V,,V, and V, ), the two vectors, V,
and V,, produce v, , and the two vectors are zero voltage (V, and V,) where the output voltages Vag and

Vs, in the event of the dc-link voltage income, the three different voltages, Ve, -V, and 0.

Table 1. Switching state definitions and the corresponding output voltages

Switching states Space vector definition Output voltages
S Ss Ss Vas (S
0 0 0 /o =0 0 0
1 0 o0 V, =V, vV, 0
1 0 1 v, = \/EVdcejZ Vg, v,
- jz V
0 0 1 =V, e 0 de
0 1 1 /, =V, e" Ve, 0
57
vV I -V -V
0 1 0 V5 — \/Evdce 4 de de
37
_ - _V
1 1 0 V,=V,e 2 0 de
1 1 1 V,=0 0 0
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4.2. Vector representations

The conventional SVM technique generally processes the information in the two-phase voltage
reference frame coordinate. A similar procedure is applied in the proposed algorithm. The two-phase voltage
reference frame supplied by the power converter will be replaced by the elliptical plane, as shown in
Figure 3. A space vector diagram includes two zero vector lines on the center and six active vectors with six
sectors @-® replaced by the space vector plane. The two-phase reference voltage in the space vector
diagram is defined with the real axis and imagined axis. Accordingly, the reference voltage vector produced
by the power converter can be obtained as

*

Vref = V;B + jV;B (16)

From the above equation, the two reference voltages on the space vector plane can be transformed to
polar coordinates as

o
Vref -

*

ref

io
Vref € '

- — . V.
=Vl + Ve, 6 =tan™ (LJ 17)

VAB

where v, is the reference voltage vector, v}, is the reference output voltage between phase-A and phase-B

€l

of the power converter and v, is the reference output voltage between phase-C and phase-B of the power

*

ref

converter, is the amplitude of the reference voltage vector and 6, is the reference angular displacement.

4.3. Dwelling time and switching sequence for generalized switching function

In the SVM approach, the purpose of the modulation algorithm is to approximate the reference
voltage vector by a unification of the switching patterns. Assuming that the reference voltage vector is steady
and the sampling period is sufficiently minimal, the sampled reference voltage vector with a sampling period
is realized using the four adjacent voltage vectors with time duration as given by

ot ot ot ot .

Vi =V %+Vn erVn+1 T: +V, % T, =t +t +t , +t, ‘n=12,..,6 (18)
o o _ tn 65, tn+l T2

Vier | € - T_andce + T Vn+1Vdce (19)

where V, . is the reference voltage vector, V,,V, are the zero voltage vectors, Ts is the switching period,
V.V

n+1

are the output voltage vectors, t,,t, are the time duration spent on the zero voltage vectors, t,,t

n+l

are the switching time duration spent on the output voltage vectors, and 6';”,9* are the angle of

s,n+l
the voltage vectors. Referring to space vector diagram in Figure 4, the amounts in vector voltages for each
sector are illustrated in Table 2. Therefore, the time durations solved by (19) can be arranged as

*

\/ Vref

| ref Sin(es,ml_es*) _
"V Csin(6,,-6) " ViV Csin(,,-6,)

s,n+l ~ Ysn sn+l ~ Ysn

sin(¢ -¢.,) T.—t -t

t t o=t =5 o
0 =h 5 (20)

The spaces among the two voltage vectors in each sector are illustrated in Figure 4. The output
voltage of the power converter can be signified by a rotating voltage vector with a clockwise direction for
the rectifying mode and a counter-clockwise direction for the inverting mode. Table 3 illustrates
the switching sequences for the proposed power converter.

According to this section, an SVM algorithm is proposed to minimize the output current ripple by
applying the switching strategy. The block diagram of the proposed SVM algorithm is illustrated in Figure 5.
The modulation process for the practical implementation can be divided into four parts: 1) voltage space
vector calculation, 2) voltage and angle calculation, 3) dwelling time calculation, and 4) switching sequence
selection to generated gating signals for the power converter.
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Figure 4. Space vector diagram of the proposed power converter in Figure 1(a)

Table 2. Amounts of the generalized SVM algorithm

Sector Voltage vectors The magnitude of The angle of
the voltage vector the voltage vector
Vn Vn+1 Vn Vn+1 es‘n 95,n+1
®  V[100]  V,[110] 1 NA 0 37”
+ N 57 3
©) V,[010]  V,[110] 1 2 " >
+ N 57
@ V;[010] V,[011] 1 1 x 7
® V,[001]  V,[011] N 1 % x
@) V,[001]  V,[101] 2 1 % %
0 V[100]  V,[101] 1 1 0 %

Table 3. Switching sequences of the generalized SVM algorithm

Sector Basic voltage vector Switching sequences
® Vo V1.V, Y, 000 <> 100 ¢> 110 > 111
® Vo Vs, VeV, 000 ¢ 010 ¢> 110 ¢> 111
® Vo Ve, V.V, 000 ¢ 010 > 011 ¢> 111
©) V) V.V, Y, 000 <> 001 > 011 ¢> 111
@ VRAVAVARYA 000 <> 001 > 101 > 111
® VAVAVAYA 000 <> 100 > 101 ¢> 111
* T y
V* \/ f t
i} e > n > Sl
v 1
Voltage - Dwelling Ty Switching 53
Space vector Voltage and | Vo )| Time t, Sequence f—>
v Calculation || g” Angle 0., | Calculation »| Arrangement] S
£ 5 = »{ Calculation g7 ~ t, | | 5,
f | Sector ‘|‘
Ve

Figure 5. Block diagram of the proposed SVM algorithm
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5. RESULTS AND DISCUSSION

This generalized SVM algorithm in this paper is verified through simulation on a single-phase
three-leg voltage source converter with an active power decoupling method, which has been simulated using
the MATLAB/Simulink toolbox. The parameters of the power converter system for the following discussion
are listed in Table 4, referring to Figure 1 (a). It should be mentioned that the dc capacitance in the converter
system desires to absorb the switching ripple. Therefore, the dc-side capacitance is designed to be 600 uF,
and the ac-side capacitance is calculated at 300 yF. The filter inductances Lg1, Ly are designed to be 2.4 mH
and 1.2 mH, respectively, which allowed the current ripple to be 20%.

Table 4. Parameters of the proposed power converter

Parameter Symbol Value
Rated active power Prated 10 kw
Grid voltage A 230V
Grid frequency fq 50 Hz
ac capacitor Cqy 300 uF
dc-link capacitor Cac 600 F
dc-link voltage Ve 420V
Inductance filter Lg1 24 mH
Ly 1.2mH
Deadtime ty 1.0 s
Sampling frequency fs 10 kHz
Switching frequency fow 10 kHz

The performance of the proposed SVM algorithm for the single-phase three-leg voltage source
converter with an active power decoupling method is effective in the inverting mode and rectifier mode at
the full rated power of 10 kW. Figure 6(a) illustrates the simulated waveforms of the voltage references of
the controller system, which are applied to calculate in the SVM algorithm. The angular displacement and
sectors from the relationship of two-phase reference voltages are illustrated in Figure 6(b). Figure 6(c) shows
the timing for active and zero vectors. In Figure 6(d), the time duration for the voltage vectors basically
explains the duty cycle waveforms in the on/off-state times of the selected switches during a sampling time.

|<— Inverting mode ——»r4—— Rectifier mode —>|

1

(b)

-1
0.40 0.41 0.42 0.43 0.44 0.45 0.46 0.47 0.48 0.49

Time (sec)

Figure 6. Modulating waveforms of the proposed SVM algorithm, (a) reference signals,
(b) sector and angular displacement, (c) time durations, (d) duty cycles
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Figure 7 illustrates the steady-state waveforms of the power converter, with the full rated power,
operating in the inverting mode and rectifier mode, respectively. As an inverting mode, the ac-side capacitor
voltage, the voltage and current of the ac utility grid, and the dc-link voltage are displayed in Figure 7(a).
It appears that the dc-link voltage is the smooth ripple voltage due to the ac storage capacitor. The ac power
controller can regulate the ac utility grid current, and it is sinusoidal and out of phase with the ac utility grid
voltage, which means the power flows from the dc-side into the ac-side. Moreover, the ac capacitor voltage is
leading the grid voltage by the phase angle of 774 and is always constant. Figure 7(b) illustrates the output
voltage waveforms of the power converter. The current waveforms of ia, is, ic, and iy a steady-state are
represented in Figure 7(c).

As a steady operation in the rectifier mode, Figure 7(d) illustrates the steady-state voltage and
current waveforms. The power converter maintains a unity power factor and a constant dc-link voltage.
It should be noted that the ac utility grid voltage and current are in phase, and the dc-link voltage is
maintained at 420 V. The ac-side capacitor voltage is lagging the ac utility grid voltage by the phase angle of
—4. 1t is always constant by a control system. Figure 7(e) illustrates the output voltage waveforms of
the power converter. The phase relationships of the output currents waveforms of ia, is, ic, and iy are
represented in Figure 7(f).

Figure 8 illustrates the dynamic response of the power converter with the proposed SVM algorithm
during a step-change in the input power. As shown in Figure 8(a), the input power follows a step change
from full rated power to half rated power, and half rated power to full rated power is applied at t = 0.4 s and
t = 0.7 s, respectively. In Figure 8(b), the dc-link voltage controller regulated at its reference value of 420 V,
with a small overshoot during a step-change in the input power. The amplitude of the ac-side capacitor
voltage decreases as the current magnitude decreases. During the step change, the current of ac utility grid
change can vary approximately from 60 A to 30 A. Considered the inverting operation mode, the power
converter contains the dc-link voltage during all operating conditions. It can be seen that the waveforms of
the output voltage are generated by the power converter, as given in Figure 8(c). During full and half rated
power conditions, as shown in Figure 8(d), the grid active power changes from 10 kW to 5 kW and 5 kW to
10 kW during a step-change in the input power.

The dynamic response of the power converter with a linear change from inverting mode to
rectifying mode is shown in Figure 8(e) to Figure 8(h). The active power command follows a linear pattern
with changes from full rated power at inverting mode to the full rated power at rectifier mode (10 kKW to
-10 kW), as shown in Figure 8(e). Figure 8(f) shows the steady-state voltage and current waveforms.
The converter maintains the unity power factor, and the dc-link voltage is kept at 420 V. It can be observed
that the ac capacitor voltage is not constant, which varies with the grid current. The waveforms of the output
voltage are generated by the power converter, as given in Figure 8(g). The three currents are also shown in
Figure 8(h). It can be seen that the phase-A current leads the phase-C in the inverting mode and the phase
relation reveres in the rectifier mode. The ac grid active power Py changes from approximately 10 kW to
-10 kW during the operation mode change.

= s )

-420

[\0\%\/%%\/%{\/>v O SN AR,
SOOI FRIRI T

100 . L -100
0.40 0.41 0.42 0.43 0. a4 0.45 0.46 0.47 0.48 0.40 041 0.43 0.44 0.45 0.48

Time (sec) Time (sec)

Figure 7. Steady-state waveforms when operating in the inverting mode and rectifier mode
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Figure 8. Dynamic waveforms during a step-change in the input power

Figure 9(a) and 9(b) show the dc-link voltage ripple at the rated power. It can be observed that
the dc-link voltage is almost constant, with a peak-to-peak voltage ripple of exclusively 0.5% of the average
dc voltage. Figure 9(b) gives the harmonic spectrum of the dc-link voltage, which shows the 100-Hz
component. The second-order component in the dc-link voltage is very low due to the proposed decoupling
circuit and control. Nevertheless, the small second-order harmonic component motionless appears in
the power variations because the power fluctuation compensation value has a small error as compared to
the power converter fluctuation. The plots of total harmonic distortion of the ac utility grid current (THDi)
computed from the simulation results for the proposed power converter are given in Figure 9(c) and 9(d).
From the results as mentioned above, it can be seen that the variation of THDi for the proposed SVM
algorithm has lower than the conventional sinusoidal PWM. This shows that, for a grid-connected converter
and microgrid applications, this modulation algorithm gives an excellent performance in terms of THDi.
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Figure 9. Total harmonic distortion analysis (a) waveform of the dc-link voltage,
(b) harmonic spectrum of the dc-link voltage at the rated power,
(c) output current THD at the inverting mode, (d) output current THD at the rectifier mode
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6. CONCLUSION

A generalized switching function-based SVM algorithm has been proposed for a single-phase
three-leg voltage source converter with an active power decoupling method. The advantages of this technique
are ease of digital control implementation and simplified algorithm. The simulation model verifies
the effectiveness of the proposed modulation and control techniques. The simulation results confirm that
the SVM algorithm and system controller would achieve a unity power factor and a stable dc-link voltage,
and are able to handle the power ripple on the active power decoupling topology in the steady-state and
dynamic conditions. This again confirms the effectiveness of the proposed modulation and control algorithm
of the power converter.
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