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Focus is on the single-phase quasi-Z-source inverter with coupled inductor. State space averaging method is used for
small-signal analysis. Small signal behavior of the converter expressed analytically in form of set of transfer functions. It can
be used for controller design in closed loop system and analysis of inductor coupling.
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Posensinymo oonogasnuii K8azi-iMneOanchull iH6epmop 3 MacHimo-36 a3anumu indykmusnocmamu. Ilposedeno ninea-
pusayito 3a memooom ycepeonenns 6 npocmopi cmanie. CKladeno Mampuunuii upas, wo Onucye 8 p-oonacmi noeoinKy
nepemeopiogava O Mano20 CusHany. AHanimuyHo ompumano nepeoasanvHi QYHKYil, AKI MOJMCHA 6UKOPUCMOSYSamu ONis
CuHme3sy 3aMKHymoi cucmemu KepysanHs ma npogooOumu aHaniz 6Nau8y MAaeHimHo20 36 A3KY Midic iHOYKIMUBHOCTIAMU.

Knrouogi cnosa: oonogasnuii ineepmop, K8asi-imneoancHa 1aHKd, MaioCUSHAIbHA MOOENb.

Paccymompen 00nopasnblil Keazu-umneOaHcHbIlE UHBEPMOP ¢ MASHUMO-CEA3AHHbIMU UHOYKmusHocmamu. Tlposedena nuneapusa-
Yust o Memooy ycpeorenus 6 npocmparcmee cocmosinuil. Cocmasiieno MampuiHoe sblpasicerue, onucsléaioujee 6 p-0o1acmit noge-
OeHute npeodpazosamens ONs MAN020 CUSHAAA. AHAMUMUYECKYU NOTYYeHbl Nepedamoytble QYHKYUL, KOMOpble MOXHCHO UCNONb30-
6amb 0I5l CUHME3A 3AMKHYMOU CUCTEMbL U AHATU3A GIUAHUSA MASHUNHBIX CBA3EL MENHCOY UHOYKIMUBHOCHIAMU.

Knroueswie cnosa: oonodasnuiii uneepmop, K6asu-umneoancHoe 36eH0, MAN0-CUSHATbHAS MOOEb.

Introduction. Renewable energy capacity is growing rapidly. These energy sources
supplied 21,7 % of the world electricity consumption in 2014 [1]. In particular, solar
Photovoltaic (PV) and wind power grew by almost 45,2 % and 22,2 % during the last years
respectively [1].

Dc-ac converters are used to inject renewable energy into the grid. Traditionally, Voltage
Source Inverters (VSIs) or Current Source Inverters (CSls) are used. However, typically they
cannot provide more than double input voltage regulation ratio because of the losses. To
overcome that drawback, intermediate voltage boost dc-dc converters are used. At the same
time, this solution as well as the control system are topologically complex due to the two-
stage power conversion.

Z-source inverters overcome the limitation of the conventional inverters: they have buck,
boost operation capability and do not suffer from short circuit. The Quasi-Z-Source Inverter e
(qZSI) has appeared as a derivation from the Z-source inverter. This circuit has continuous
input current and used in different application [2—5]. Many review and comparison papers
have been published [6; 7].

At the same time, the qZSI with coupled inductors is not studied enough. In particular
influence of coupling on the input current ripple and dynamic behaviour.

Objective of the paper. The main goal of the paper is a composition of the small signal
model of the qZSI with coupled inductor. The small signal model will allow further analysis
of the current and voltage ripple in the passive components. Also dynamic behavior analysis
can be done by means of small signal model. Fig. 1 illustrates investigated topology of the
single-phase qZSI.
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Fig. 1. Investigated topology of the single-phase qZSI
Main part of the paper. The averaging method in a state space is used to analyze the
stability of PWM converters [8] and current and voltage fluctuating [9]. In general, switching
period of the any switching converter is broken into intervals on which it is replaced by a
linear circuit. On the i-th interval of his work describes the system of equations:

K d’;(; ) — 4 x(t)+ Bulr),

(1)
y(0) = Cox(0) + Eu(?),

where K, 4,, B, C;, E; — the matrix of coefficients on the i-th interval; x(¢) — the state vector;
u(t) — vector of input variables; y(z) — vector of output variables. Hereinafter, bold matrices
and vectors. As states decided to choose a minimum set of voltages and currents in containers
inductances, which completely describe the system.

Further averaging system of equations over the period of the converter. Averaged model
of the system of equations in matrix form:

d (x(t)
% =A,, (x(t)), +B,, (u(®),,

(y®), =C,, (x(1)), +E,, (u(®)), .

where A,, Ba, C, and E,, — averaged coefficient matrix describing the behavior of the
adjustable in the averaged values. Here and below, angle brackets <> 1 denote averaging of
magnitude over the period of switching T. We write more, which are averaged matrix.

Further, all state averages, input voltage and the control signal represented as a constant
component and a variable component of small amplitude with a frequency below the
switching frequency drive:

(x(1)), = X +X(0):(u()), =U +i(0){y(1)), =Y + 3(0),
(d.(1), =D, +d(t).

In order to estimate values of the passive components and dynamic properties the steady
state analysis is detailed below. The operating period of the qZSI in the CCM can be divided
into only two time intervals and can be represented by means of two equivalent circuits. It
means that all switching states can be separated into two modes: active states (Fig. 2, @) and
ST state (Fig. 2, b) correspondently.

The magnetically coupled inductors are represented by means of an equivalent circuit that
contains an ideal transformer with a turns ratio N;:N,, magnetizing inductance L), and leakage
inductance L;[10; 11].
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Fig. 2. Equivalent circuits of the proposed topology: a — active states; b — shoot-through states

Output side of the inverter is represented by means of the dc and ac current sources. It
models power flow from the input to the grid or load through the dc-link.

It has constant and variable components, which is the characteristic of the single-phase
system:

ipc=Ipctinc, inc=I,,, sinlmot), (4)

where Ipc is a constant component of the load current, ipc is a variable component, /y4y. 1s
the peak value of the variable component. Both /p¢ and fDC will have influence on the state

variables of the system, including iy, iy, ves, and veo, all of which also consist of two parts:
the dc component and the ma component:
Iy =Ly Fimsiy =1y Tiy ve, =Ve tver,ve, =Ve, Hves. (5)

Finally, time intervals are defined and denoted as: 75 — ST state time period; 7, — active
state time period. In terms of dc components, the variable components are omitted. The active
state time interval can be described by following differential equations:

dipy 1

L =Viy =Ver +—Veas

(6)

(7
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it can be derived the averaged equations that can be represented in matrix form

like in equation (2).

Ld<

where the D —

Iy > N N,
LT;N:(I'D) Vv =ver +7;VC2)+D'(VIN Ve -FLVC]) =0,

M:(I-D)-ﬂvcz +D£Vc1 =0,

d<v. > . ..U

—CIZ(I'D)'(ZIN'IDC)+D(ZINZM)F]:0’
2

Ly

(8)
G
d<ve,

> . . N )
r :(I'D)'('(ZIN'ZM)'V;_IDC_D'ZIN:O’

is ST duty cycle.

G,

In terms of variable components, the input dc power supply keeps the voltage constant and
it does not contain the me component.

Let us consider dynamic equations during the active state output voltage generation. The
dynamic equations for active state are:

L

2t

dve,

= Vea =Vers

LL@ N 5

=-—Y ,

di N, <
Do, 7

1 dt IN °DC»

)

= '(;IN _{M)_l'iDC'
Nz

Finally, during the ST state operation, it can be written as:

dt

As x 1s an

=Py - L
C2 Cl»
N2

(10)

ma component, the average value of the variables xover one switch cycle T'is

not zero, as a result, it can be expressed as:
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d<i, > N, . . . N, .
LLTZNZ(I'D)'(F;VQ'Vc1)+D'(Vc2‘V;VC1)’

LLM:(I'D)'ﬁﬁcz"'D'(ﬁﬁcJ’

dt N, N, (11)

Cw—(l-D)-(f - )+D-(f -1 ).&

1 dt IN ~Ipc N " Nz’

d<ve,> + . N o= -
CZTCZZ(I'D)'('(ZIN'ZM)'F;'ZDC)'D'ZIN'

Using Egs. (11), dependences i, iy, ver, ver=f(Iuax, D, C, m, @, Ly, L) can be obtained
for further low frequency ripple and dynamic analysis.

Conclusions. This paper has presented small signal model of the single-phase quasi-Z-
source inverter with coupled inductors. State space averaging method is used for small-signal
analysis. Small signal model can be used for further stability analysis, controller design in
closed loop system, passive components selection and analysis of inductor coupling.
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