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Dual Current Loop Control for a Third-Order
Passive Damped Filter Based Quasi-Z-Source

Inverter

Arvind Yadav1† , Vinay Kumar Deolia1 , and Sanjay Agrawal2 , Non-members

ABSTRACT

An Impedance Source Inverter (ZSI) offers a solu-
tion to low output renewable energy sources, because
it provides an unconventional high boost. The
interaction of Quasi-Z-Source (qZS) inverter with the
load side raises stability concerns. Multiple resonant
features need attention when grid is connected. In
this paper, the resonant feature of a third order
filter based on a qZS inverter is explored, and DC
and AC sides dynamic characteristics are analyzed
for optimum size selection of passive components.
Coupled response of a qZS inverter and the AC side
filter is presented. For input variation, a closed loop
control is established to take care of stability and the
multiple resonant feature. A voltage loop and a dual
current loop are used for DC and AC side dynamics
respectively. Controllers are designed to mitigate
input side disturbance. Results are provided for two
design cases (case I, II), the need for damping is
highlighted, and measured results validate the design
and control methodology.

Keywords: Quasi-Z Source Inverter, Dual Current
Loop, Grid Connected Inverters, LCL Filter, Passive
Damping

1. INTRODUCTION
With an interfacing using a passive network

between a DC source and a Voltage Source Inverter
(VSI), high boost output voltage can be obtained.
The first topology used was Impedance Source
Inverters (ZSI) [1]. With an impedance network
with only a single stage, DC-AC power conversion
is possible. Many such configurations are available
in literature [2–5]. The basic configuration of a
ZSI network can buck/boost, draws discontinuous
current, and imposes high voltage stress on passive
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elements [6–9]. The modification in ZSI has led to
Quasi-Z-source inverters (qZSI) suitable for renew-
able energy application. A qZSI draws continuous
current, has a reduced passive component rating, and
low starting inrush current [10–12]. QZSI utilizes the
energy stored in the passive components of impedance
network. The presence of a capacitor and an inductor
in qZSI influences the input/output transfer function.
In grid tied applications, dynamic interaction of
VSI, filter, and grid has been extensively explored
[13–16]. Dynamic interaction of qZSI with filter
and grid had been ignored in previous work, where
most research work focused on DC side controller
design methods, but ignored the influence on AC
side [17, 18]. The behavior of qZSI is not as straight
forward as that of conventional VSI. Stable operation
and controller design is severely influenced by qZSI
passive elements since they contribute additional
resonant frequencies. The controller design for DC
and AC side is mostly presented with a first or second
order filter, but that neglected the double resonant
feature. [19] concluded presence of additional reso-
nant frequency compared to conventional VSI, while
presenting ZSI output impedance dynamic influence
for uninterrupted power supply. [20] highlighted
the need for damping due to oscillatory response
of current fed ZSI during dynamic step transition.
[21] shows vulnerability of bidirectional qZSI due
to oscillatory response for an input step change,
mainly focused on DC side controllers for oscillation
suppression. [22] investigated the coupling effect
between qZSI and single order filters, showing that
stability and damping is improved by defining the
controller parameter safety boundaries.

Interaction of DC and AC side in the voltage fed
qZSI can cause instability if left unchecked. The dou-
ble resonant frequency poses a challenge in controller
design, because it produces a much severe effect
than conventional VSI. Multiple resonant features
due to dynamic interaction of qZSI with AC side are
explored in this paper. Oscillations are suppressed
using a third order passive damped filter. Harmonics
and resonant effects are considered while selecting the
size of passive components. Controller response for
different design parameters are presented. This study
highlights selection of optimal design parameters with
sufficient damping to suppress oscillatory response
and resonant effects.
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Fig.1: Equivalent circuit with different modes: (a)
voltage fed qZS inverter, (b) shoot-through mode and
(c) non shoot-through mode.

The paper is organized as follows. Section 2
presents DC and AC side dynamic models for control
and stability analysis. Combined response of qZSI
and AC side is elaborated, then controller design
and optimal parameter selection are discussed in
Section 3. Section 4 validates the design method and
presents results for different parameter design cases.
Section 5 concludes the paper.

2. SYSTEM DESCRIPTION AND DYNAMIC
MODELING
The system under study consist of a qZS

impedance network and a three phase bridge inverter
connected to load via a third order LCL filter as
shown in Fig. 1. The Impedance network, along
with the inverter, constitutes an impedance source
inverter. A high boost is achieved in the qZS
inverter. The impedance network stores and releases
energy during shoot-through (ST) state and non
shoot-through (NST) state respectively.

The system dynamic modeling can predict the
system transient response, that information is further
utilized in designing the closed loop control. In this
work, DC and AC sides are modeled separately. Later
a combined response is obtained avoiding overlapping
of control parameters (i.e modulation index (M)
and shoot-through duty ratio (Ds)). The double
resonant frequency behavior of the qZS inverter due
to presence of additional passive elements in the qZS
network is explored.

2.1 DC stage dynamic modeling
A voltage fed qZS passive network with a three

phase inverter bridge delivering power to load is
shown in Fig. 1. Shoot-through state provides
unconventional boosting, and enables buck/boost

operations with single stage power conversion. A
virtual switch (SW) is used because it allows
modeling of DC and AC side separately, then coupled
together. Presence of the virtual switch eases
modeling and control analysis, and allows separate
modeling of DC-DC stage and DC-AC stages. For
DC-DC stage modeling, shoot-through and non
shoot-through states are considered. An equivalent
circuit for ST and NST states is shown in Fig. 1. The
state space equations for ST state can be written as
ẋ = A1x + B1u, where the state vector (x), input
vector (u), and output vector (y) are selected as,

x =


iL1
iL2
vC1
vC2

 , u =
[
vip

i2

]
, y =

[
vC1
iL1

]
,

and

A1 =



−(r1 +R2)
Lz1

0 0 1
Lz1

0 −(r2 +R1)
Lz2

1
Lz2

0

0 −1
Cz1

0 0

−1
Cz2

0 0 0


,

B1 =


1
Lz1

0
0 0
0 0
0 0


The state space equations for NST state can be

written as ẋ = A2x + B2u, where

A2 =



−(r1 +R1)
Lz1

0 −1
Lz1

0

0 −(r2 +R2)
Lz2

0 −1
Lz2

1
Cz1

0 0 0

0 1
Cz2

0 0


,

B2 =



1
Lz1

R1

Lz1

0 R2

Lz2

0 −1
Cz1

0 −1
Cz2


The complete model can be expressed as

ẋ = Ax + Bu, where A = DsA1 + (1 −Ds)A2 and
B = DsB1 + (1 −Ds)B2, Ds is shoot-through duty
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Fig.2: Step response of Quasi-Z source inverter for parameter sweep.

Gvc

do
= (VC1 + VC2 −RzI2)(1− 2Ds) + (I2 − IL1 − IL2)(Lzs+ rz +Rz)

LzCzs2 + Cz(rz +Rz)s+ (1− 2Ds)2 (1)

ratio described as Ds = To / Ts, with shoot-through
interval To and switching interval Ts = T1 +To, where
T1 is non shoot-through interval. For simplification
Cz1 = Cz2 = Cz, L1 = L2 = Lz, rz1 = rz2 = rz,
Rz1 = Rz2 = Rz, where

A =



−(rz +Rz)
Lz

0 Ds − 1
Lz

Ds

Lz

0 −(rz +Rz)
Lz

Ds

Lz

Ds − 1
Lz

1−Ds

Cz

−Ds

Cz
0 0

−Ds

Cz

1−Ds

Cz
0 0


,

B =



1
Lz

(1−Ds)Rz

Lz

0 (1−Ds)Rz

Lz

0 Ds − 1
Cz

0 Ds − 1
Cz


A small signal model is obtained by introducing

perturbation in average model. Dynamic influence
on the DC side is given by capacitor voltage to
the shoot-through duty ratio transfer function as
shown in Eq. (1). The effect of parameter variation
(Lz, Cz and Ds) was investigated on open loop
transfer function (Gvc

do
), and a summary of parameter

variations on system dynamics is shown in Table 1.
The characteristic equation (Eq. (1)) indicates a
resonance frequency. However, load and parasitic
resistance can diminish the resonant effect of the
impedance network of the qZS inverter. Steady state
values can be obtained by setting Ax + Bu = 0,

DC steady state values must also satisfy Eq. (2).
Peak DC link voltage at the inverter is shown in
Eq. (3). Output voltage of the inverter will be given
by Eq. (4), where V̂2 is the phase peak and M is the
modulation index.

IL1 = IL2, Vc1 = 1−Ds

1− 2Ds
vip = Vc2 + vip (2)

V̂dc = 1
1− 2Ds

vip = Vc1 + Vc2 (3)

V̂2 = M

2 V̂dc = 1
1− 2Ds

M

2 vip (4)

From Eq. (4), it is evident that output voltage of
inverter is having two degrees of freedom, M and Ds.
Therefore it can be controlled by adjusting control
parameters M and ds. During steady state, ds =
Ds, so the control parameters can be integrated using
various modulation techniques [23–26]. Here simple
boost control was used.

With the help of a pole-zero map, examining step
response considering parameter variation helps in
optimum size selection of passive elements (Lz, Cz),
as they influence the system dynamics and can make
closed loop control more complex. DC side response
for parameter variation is shown in Fig. 2. Table 1
summarizes the impact of parameter variation on qZS
inverter system dynamics.

2.2 AC stage dynamic modeling
A voltage source PWM inverter is a harmonic

generator. A filter is required to comply with strict
grid codes. A third order LCL filter is connected to
the load side. LCL filters are capable of harmonic
attenuation at even low frequencies, but the problem
of resonance and stability should be dealt carefully
[27, 28]. Fig. 3 represents the per phase block diagram
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Table 1: Summary of impact of parameter variation on qZSI system dynamics using Pole-Zero map.
Parameter (variation) Symbol Effect on Pole-Zero map Impact on system dynamics
Inductance (increasing) Lz Conjugate poles & real poles shift

towards the vertical axis, RHP zero
shift towards the vertical axis

• increment in system settling time
• reduction in the system damping
• reduction in natural frequency
• increment in NMP undershoot

Capacitance (increasing) Cz Conjugate poles shift closer to horizon-
tal axis, RHP zero remains constant

• increment in system settling time
• increment in system damping
• reduction in natural frequency

Shoot-through duty ratio
(increasing)

Ds Conjugate poles shift closer to horizon-
tal axis, RHP zeros shift towards the
vertical axis

• increment in system settling time
• reduction in natural frequency
• increment in NMP undershoot

Inductor parasitic resistance
(increasing)

Rz Conjugate poles shift towards the hor-
izontal axis & move away from the
vertical axis, RHP zeros shift closer to
vertical axis

• increment in system settling time
• increment in the system damping
• introduces ripples in inductor volt-

age
• increment in NMP undershoot

Capacitor ESR (increasing) rz Conjugates poles shift towards the
horizontal axis & move away from the
vertical axis, RHP zeros shift closer to
vertical axis

• reduction in system settling time
• increment in the system damping
• introduces ripples in capacitor cur-

rent
• increment in NMP undershoot

Fig.3: Per phase block diagram representation of a
third order filter.

of an LCL filter considering parasitic resistance of an
inverter side inductor (L1, r1) and a grid side inductor
(L2, r2). Here the inverter is treated as a harmonic
generator. The grid supply contains only positive
sequence component, which means it can be treated
as short-circuit while performing harmonic analysis.
The overall control structure incorporating AC side
and DC side control layout is shown in Fig. 4. With
the assumption of a stiff grid, the transfer function
for the grid side current (i2) to the inverter side
voltage (vi) at non fundamental frequencies is given in
Eq. (5). The absence of parasitic resistance represents
the system worst damping performance. In Eq. (6),
is given the resonance frequency (ωres) for LCL filter.

i2(s)
vi(s)

= 1
s3CL1L2 + s(L1 + L2) (5)

ωres =
√
L1 + L2

CL1L2
(6)

Due to insufficient damping, the system shown in
Fig. 3 depicts stability issues with large oscillations.
An adequate damping can be obtained using an
optimum damping resistance (rd) in series with
the filter capacitor (C). This paper also presents
the performance of a third order LCL filter (with
and without a damping resistor). A single phase
block representation of the LCL filter considering all

Fig.4: Control block diagram for a qZSI connected
system.

parasitic and damping resistance is shown in Fig. 5.
The system can be defined using Eq. (7).

L1
di1
dt

= vi − vc − i1r1 − icrd

L2g
di2
dt

= vc + icrd − i2r2g − vg

C
dvc

dt
= i1 − i2 = ic

(7)

3. OPTIMAL PARAMETER SELECTION &
CONTROLLER DESIGN
The input to the qZS inverter connected system

can be fed from a renewable energy source. Most
renewable sources are intermittent in nature. They
produces low output which can be boosted to a
required level. Grid connected converters are bound
to comply with frequency, voltage magnitude, and
harmonic attenuation. On the DC side, the system
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Fig.5: Per phase control block diagram representation of a third order damped filter.

response is governed by the size of passive elements.
These components are important when designing a
closed loop control. Instead of DC link voltage,
capacitor voltage is selected as controller feedback.
Input voltage is sensed directly, whereas reference for
the capacitor voltage is evaluated indirectly, as shown
in Fig. 5. A PI regulator is used to regulate the duty
ratio (ds) so that vdc is kept constant.

The open loop transfer function Gcdo and closed
loop transfer function Gcdc are given in Eqs. (8) and
(9) respectively.

Gcdo = vc1

do
= a1s+ a0

b2s2 + b1s+ b0
(8)

where

a0 = (rz+Rz)(I2−IL1−IL2)+(VC1+VC2−RI2)(1−2Ds),
a1 = Lz(I2 − IL1 − IL2), b0 = (1− 2Ds)2,

b1 = Cz(rz +Rz), b2 = LzCz.

Gcdc = vc1

v?
c1 − vc1

= A′2s
2 +A′1s+A′0

B′3s
3 +B′2s

2 +B′1s+B′0
(9)

where A′0 = a0k2, A′1 = k1a0 + k2a1, A′2 = a1k1,
B′0 = 0, B′1 = k1a0+k2a1+b0+k2a0, B′2 = k1a1+b1,
B′3 = b2.

The range of PI parameters for stable operation
is obtained using Routh’s stability criteria on the
characteristic equation of Gcdc. The second order
equation s2 + 2ξωns + ω2

n can be correlated with
the characteristic equation of Gcdo. It provides the
natural frequency ωn and damping ratio ξ, hence it
guides passive component size selection of the qZS
inverter. A tradeoffs between settling time, system
damping, natural frequency and non-minimum phase
undershoot will yield the optimal size of qZS inverter
passive elements. The voltage controller shown in
Fig. 6 will respond to the step change in vip. The
qZS network parameters obtained for ξ = 1

/√
2

are Lz = 390µH, Cz = 280µF. They are treated
as base values for parameter variation with ds =
0.35. Applying Routh-Hurwitz stability criteria to
the characteristic equation of the transfer function
obtained in Eq. (9) gives values for PI controller
gains k1 = 0.36 × 10−3 and k2 = 0.076. By setting

Fig.6: DC side voltage controller.

|GcdoGcdc| = 1, a cross over frequency is obtained.
The gain margin obtained after compensation is
20 dB. The resonant feature at DC side is diminished
by parasitic resistance of the qZS inverter passive
components. The voltage controller loop on the DC
side enables tracking of v?

c1. A steeper descending
slope in the bode plot indicates good tracking with
reduced steady state error, decreased oscillations, and
improved stability. It is also visible in the time
domain response (Fig. 14). As the DC link voltage
is pulsating with high magnitude, therefore it will
not be considered for controller feedback, since it can
make controller output oscillating, causing stability
problems for DC side input transition. Capacitor
voltage is considered for controller feedback to make
DC link voltage constant.

A third order filter uses small passive elements and
provides better harmonic and ripple attenuation over
a high frequency range. However, the resonance effect
becomes severe if it is not suppressed with sufficient
damping. Here a damping resistor rd is employed in
series with a filter capacitor C. Considering parasitic
resistance and the damping resistor, Eq. (5) must be
modified as

i2(s)
vi(s)

= A1s+A0

B3s3 +B2s2 +B1s+B0
(10)

where A0 = 1, A1 = Crd, B0 = r2 + r1,
B1 = r1C(r2 + rd) + Cr2rd + L1 + L2,
B2 = C(r1L2 + r2L1 + rd(L1 + L2)), B3 = CL1L2.

With slight modification, Eq. (6) can be written
as Eq. (11). With an assumption of a stiff grid, the
total inductance Lsum = L1 + L2, ratio η = L2 / L1
and ratio fr = fsw / fres, where fsw is the switching
frequency of PWM.

LsumC = (1 + η)2

η

f2
r

4π2f2
sw

(11)

One of the main goals is to design the LCL filter
with minimum passive component size without com-
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Fig.7: Frequency response of qZS inverter connected
system.

Fig.8: Effect of damping on frequency response of
coupled (qZSI+LCL) structure.

promising attenuation and system stability. Eq. (11)
will make obtaining the optimum values of η and fr

which results in the minimum LsumC product. At
a given resonance frequency, minimum product of
LsumC can be determined by differentiating Eq. (11).
The situation gets worse when both DC and AC sides
are coupled to get overall system response, as shown
in Fig. 7. The frequency response of qZS inverter
system of Fig. 1 is shown in Fig. 8, with negligible

Fig.9: Effect of parasitic resistance on magnitude
plot of LCL filter.

Fig.10: Frequency response of coupled (qZSI+LCL)
structure.

parasitic resistances. Two resonant peaks are visible
for the qZS connected system as shown in Fig. 7.
The qZS inverter contributes peak 1, whereas third
order filter contributes peak 2. The third order LCL
filter frequency response is shown in Fig. 9, and qZS
inverter response considering parasitic resistance (r1,
r2) is shown in Fig. 10. Peak 1 is absent, whereas
peak 2 is damped due to inherent damping caused
by AC side filter. AC side parasitic resistance (r1,
r2) has reduced the magnitude of peak 2 from 140 db
to 70 db as shown in Fig. 10. Even with inherent
damping, high resonance peak is obtained.

Magnitude at resonance is further reduced with
the introduction of rd to the LCL filter. The
characteristic equation Eq. (10) can be used as a
guide for finding the optimum value of rd. For
different values of rd, response of Eq. (10) is shown
in Fig. 8. The effect of the choice of damping resistor
is presented in Table 2. The optimum value for
ξ = 0.707 is 17 Ω. The corresponding inverter side
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Fig.11: Waveforms for different rd values: (a) capacitor voltage (vc1) and (b) inverter side current i1.

current THD is 21%, the corresponding capacitor
voltage (vc1) settling time is 0.018 s. Fig. 11 shows the
inverter side current (i1) and capacitor voltage (vc1)
waveform for ξ = 0.3, 0.707 and 1.2. The choice of
rd directly affects the settling time, and thus system
must be underdamped with reduced oscillation.

On the AC side, the dq axis control structure
is obtained to avoid quadrature and direct axis
components interaction. An abc to dq transformation
is used in synchronous reference frame. State space
equation in dq format can be written as,

L1
did1
dt

= vd
i − vd

c − id1r1 − idcrd + ωL1i
q
1

L2g
did2
dt

= vd
c + idcrd − id2r2g − vd

g + ωL2gi
q
2

C
dvd

c

dt
= idc + ωCvq

c

L1
diq1
dt

= vq
i − v

q
c − i

q
1r1 − iqcrd − ωL1i

d
1

L2g
diq2
dt

= vq
c + iqcrd − iq2r2g − vq

g − ωL2gi
d
2

C
dvq

c

dt
= iqc − ωCvd

c

(12)

The AC side dq control structure is shown in
Fig. 4. The dual current loops with an inscribed
voltage loop enable control objective. The inner
current (ic) loop is made faster than the outer current
(i2) loop by suitably selecting PI controller gains.
The voltage loop inscribed in the inner current loop
provides damping. Using Eqs. (10) and (11) with
Table 2, base parameters for the third order filter
based qZS inverter system are given in Table 3.

Table 2: Summary of variation of rd on qZS
inverter connected system.

Damping
resistor
(rd)

Damping
factor (ξ)

Inverter
current(i1)
THD

Settling
time vc1

7 Ω 0.3 23% 0.025 s
17 Ω 0.707 21% 0.018 s
28 Ω 1.2 31% 0.03 s

On the DC side, the voltage controller provides the
shoot-through duty ratio. The modulation index M
is obtained from the dual current loop control on
the AC side, as shown in Fig. 4. Finally control
parameters (ds and M) are integrated using simple
boost pulse width modulation.

4. RESULT AND DISCUSSION

This section verifies the effectiveness of design
parameters for qZS inverter passive components,
the LCL filter, and the DC and AC side con-
trollers. The designed parameters are summarized
in Table 3. Compared to a conventional PWM
inverter, the qZS inverter has two degrees of freedom,
provides high boost, and permits short circuiting
of switches on same leg. For a disturbance on
the input side, the effectiveness of our control
method is evaluated. Source side disturbance is
modeled as a step change, and with our controller
action, disturbance is mitigated efficiently. The
performance of the small signal model is verified
using a PSIM/MATLAB/Simulink, a dSPACE 1104
control board, and a three phase inverter which
uses SKM100GB125DN IGBT module. A CN240610
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Table 3: Base parameters for third order passive
damped filter based qZS inverter system

Elements Parameter Value

qZS Inverter

Inductance (Lz) 390 µH
Capacitance (Cz) 280 µF
Parasitic resistance
(rz, Rz)

0.47 Ω,
0.03 Ω

Switching frequency 8 kHz

LCL Filter

Inverter side
inductance (L1, r1)

1.3 mH,
0.1 Ω

Filter capacitance (C) 4.5 µF
Damping resistor (rd) 17 Ω
Grid side inductance
(L2, r2)

1.3 mH,
0.1 Ω

Load

Line frequency 50 Hz
Nominal power 5 kW
Load current/phase 9 A
Grid voltage/phase 230 V

Fig.12: Observed waveforms for Case I, showing
capacitor voltage (vc1), inverter side current (i1), load
current (i2) and capacitor branch current (ic).

power diode is used. Reduced input at source side
leads to reduced DC link voltage (vdc). The current
and voltage magnitude get altered at load side, but
can be corrected with controller action. DC side
voltage controller ensures constant DC link voltage
by generating required shoot-through duty pulses.
The dual current loop provides necessary voltage
modulation on the AC side.

The behavior of a qZS inverter is not as straight
forward as that of a conventional PWM inverter
due to the presence of additional passive elements
in a qZS network. The system response gets more
severe due to the presence of additional passive
components. Inherent damping is caused due
to parasitic resistance, but that is insufficient to
guarantee a well damped system, as shown in Figs. 8
and 10. Moreover, the poor filter design will vain

Table 4: Summary of comparative assessment for
cases I and II.
Parameter Case I Case II

ratio η 1.2 pu 1 pu
fres, ratio fr 0.8pu, 3.4 1 pu, 2.72
step change in
Vip

100% to 83% 100% to 83%

Inverter current
(i1) THD

29% 21%

capacitor voltage
(vc1) ripple

12% 2%

Load voltage
(v2) THD

9% 3.6%

LCL Filter size 1.57 pu 1 pu

Fig.13: Observed waveforms in an open loop
condition for Case II, showing results for inverter side
current (i1), load current (i2) and capacitor branch
current (ic).

all efforts. The overall control structure integrating
DC and AC side controllers is shown in Fig. 4. With
introduction of a damping resistor, a left half plane
zero is introduced in the filter transfer function. This
makes step response faster by reducing rise time and
peak time, but overshoot is increased. The value of
rd must be carefully selected for effective damping.

This study presents controller response in two
cases. Case I includes a poorly designed filter. Case
II includes a well designed filter. System parameters
for case I are L1 = 1.2 pu, C = 1.2 pu and η = 1.2.
The load parameters are unchanged. Case I results
captured in the oscilloscope are shown in Fig. 12.
Capacitor voltage (vc1) has sustained oscillations
with a ripple of 12%, which is reflected at inverter
side also. This results in a much distorted current
(i1) and voltage (v2). The reference generated by
the controllers also oscillates. As a result, capacitor
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Fig.14: Simulation result for a step change in Vip

showing: (a) capacitor voltage (vc1), (b) inverter side
current (i1), (c) load current (i2) and (d) load voltage
(v2).

voltage (vc1) after correction also oscillates. The
filter is unable to improve the harmonic distortion.
Thus this filter fails in the prime objective only. The
overall size of filter defined by LsumC product has
increased 1.57 fold, the capacitor voltage settling time
increased, and the load current and voltage harmonic
content increased. Table 4 presents the summarized
result for case I.

For a well designed plant, the controller action
guarantees disturbance rejection. In case II, pa-
rameters selected are shown in Table 3. Various
waveforms for case II are shown in Fig. 13 for open
loop condition. Under normal operating conditions,
300 V is sensed on the input side by a voltage
sensor. The shoot-through duty ratio is 0.35, the
grid current 9 A for a load power of 5 kW, and the
required DC link voltage (v?

dc) is 1030 V. A step
change from 100% to 83% in Vip is forced at 0.4 s.
The sensed input voltage (vip), alongwith DC link
voltage (v?

dc), is used to estimate the steady state
shoot-through duty ratio (Ds) and required capacitor
voltage (v?

c1). The error (v?
c1-vc1) is forwarded to

a Proportional-Integral controller to produce the
correction in the shoot-through duty ratio. A dip in
capacitor voltage (v?

c1) is visible in Figs. 14 and 15.
This is effectively tracked by controller action on the
DC side. An equivalent duty-ratio (ds) is obtained
by combining do and Ds as shown in Fig. 4. On the
AC side, load voltage v2 and current i2 is sensed.
Reference current is generated by required active and

Fig.15: Observed waveforms for a step change in
Case II, showing results for capacitor voltage (vc1),
inverter side current (i1), load current (i2) and load
voltage (v2).

reactive power. A dual current loop consisting of
outer current loop (i2) and inner current loop (ic),
as shown in Fig. 5, is used to generate the required
inverter voltage (vi). Newly calculated M and ds are
integrated using simple boost control.

A voltage loop inscribed within the inner current
loop helps in obtaining a damped response. A
reduced peak in load current (i2) and voltage (v2)
is visible for one cycle. With help of AC and DC
controller actions, i2 and v2 are maintained at their
required values as shown in Figs. 14 and 15. When
compared with case I, a reduced capacitor voltage
ripple of 2% is obtained. A well designed third
order passive damped filter decreases current and
voltage harmonic content, improves capacitor voltage
ripple, and decreases filter size. Table 4 presents the
summarized results for both cases.

5. CONCLUSION
This paper investigates the qZS inverter for a third

order passive filter. A virtual switch is used to
separate DC and AC stage dynamic models. Various
transfer functions for the DC and AC sides have been
derived. The impact of parameter variation of qZS
network passive elements is summarized. Optimal
parameters for DC side network, the LCL filter, and
the controllers are selected using derived closed loop
transfer functions. The need for external damping in
the third order filter has been highlighted because
the inherent damping is insufficient for a stable
system with a stable controller response. Magnitude
and frequency response are analyzed for the LCL
connected qZS inverter system. The impact of a
damping resistor on stability, harmonic attenuation,
and transient response was evaluated. For verification
of the design parameters and controller performance,



DUAL CURRENT LOOP CONTROL FOR A QUASI-Z-SOURCE INVERTER 21

PSIM/MATLAB/Simulink models are used. Specif-
ically, the IGBT module (SKM100GB125DN) with
power diode (CN240610) was used.

A voltage controller on the DC side, a dual
current loop control, along with an inscribed voltage
loop on the AC side, helped achieve stable response
with efficient damping. Magnitude plots, frequency
plots, gain and phase margins and Routh-Hurwitz
stability criteria were used for controller parameter
design. A reduction in filter size, high harmonic
attenuation, improved damping, and low capacitor
voltage ripple was achieved using a third order
passive damped filter. This study also compared
controller response for poorly and optimally chosen
design parameters. The results validated the design
guidelines for a dual current loop control for a voltage
fed qZS inverter feeding power via a third order
filter. We recommended external damping for further
performance improvement.
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