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ABSTRACT
PV based systems are increasingly use in most of the part in all over world. PV base system are being controlled
with various type of converters along with maximum power point tracking that are used. Among the Sliding mode
control is the one of the robust ways of controlling the DC-DC converter however, the sliding mode control are
being investigated in PV base system with its different issues like increasing current and voltage repulse. Therefore,
in this proposed work the sliding mode control of PV base grid connected system is to be investigated. The
simulations results are to be carried out in MATLAB software and the system will be investigated for various type of
loads and disturbances from input and load side / grid side.
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INTRODUCTION
PV based systems are increasingly use in most of the part in all over world. PV base system are being controlled
with various type of converters along with maximum power point tracking that are used. Among the Sliding mode
control is the one of the robust ways of controlling the DC-DC converter however, the sliding mode control are
being investigated in PV base system with its different issues like increasing current and voltage repulse. Therefore,
in this proposed work the sliding mode control of PV base grid connected system is to be investigated. The
simulations results are to be carried out in MATLAB software and the system will be investigated for various type of
loads and disturbances from input and load side / grid side
A PV cell’s voltage varies widely with temperature and irradiation, but the normal voltage source inverter (VSI)
cannot affect this wide selection without over-rating of the inverter, because the VSI may be a buck converter whose
input dc voltage must be greater than the height ac output voltage. Because of this, a transformer and/or a dc/dc
converter is typically utilized in PV applications, so as to deal with the range of the PV voltage, reduce inverter
ratings, and produce a desired voltage for the load or connection to the utility. This results in a better component
count and low efficiency, which opposes the goal of cost reduction [1]-[3].
The q-Z-source inverter (qZSI) employs a unique impedance network to couple the inverter main circuit to the
power source, which provides a novel power conversion concept. By controlling the shoot-through duty ratio and
modulation index, the Z-source inverter can intensify and down the input voltage using passive components with
improved reliability and reduced cost, thus providing unique features, such as ride-through capability during voltage
sags, reduced line harmonics, improved power factor and reliability, and extended output voltage range [4]-[5]. The
recent proposed quasi-Z-source inverter (qZSI) inherits all the advantages of the traditional ZSI and has several
more advantages, including reduced passive component stress and continuous input current features. Due to the
above-mentioned features, the qZSI topology is very attractive for renewable energy sources interface application,
such as photovoltaic
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panel, wind turbine and fuel cell. It contains impedance network connected to the single-phase H-bridge inverter.
The impedance network of qZSI consists of inductors L1, L2, capacitors C1, C2 and diode D. Also, the battery is
connected across capacitor C1 [6].
The system is designed in such a way that the voltage VC1 can be boosted to suitable level. Also, the capacitor
voltage is regulated with shoot-through based control. The operation of the quasi-Z-Source converter is as follows.
For the defined range of input voltage Vin the qZSI always operates in two states; one is non-shoot-through state
and therefore the other is that the shoot-through state. During the shoot-through state, the two switches in a single
leg conducts simultaneously so that the diode get reverse biased and the output of the impedance network get shortcircuited [7].
This network will effectively protect the circuit from damage when the shoot-through occurs and by using the shootthough state, the quasi- Z-source network boosts the dc-link voltage. The major differences between the ZSI and
qZSI are (1) the qZSI draws endless constant dc current from the source while the ZSI draws a discontinuous current
and (2) the voltage on capacitor C2 is greatly reduced. The Continuous and constant dc current drawn from the
source with this qZSI make this technique especially well-suited for PV power conditioning systems. This leads to
the stepping-up of the input voltage which is controlled by the shoot-through duty ratio (D) [8]-[9]. During nonshoot-through state, the inverter operates normally as a traditional voltage source inverter (VSI) where the two
switches of one inverter leg do not operate simultaneously. Therefore, from this, total time period (T) will be the
sum of both shoot-through state time (T0) and non-shoot-through state time (T-T0).
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Fig. 1 Grid connected quasi-Z-Source-Inverter.
Shoot-through duty ratio D can be given as D = T0/T. For symmetrical qZS network, assuming identical values of
inductances L1, L2 and identical values of capacitances C1, C2 [10].
For the non-shoot-through state as shown in Fig. 2, the system equations can be written as
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Fig. 2. quasi-Z-Source Inverter during non- shoot- through state.
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Fig. 3. quasi-Z-Source Inverter during shoot-through state.

VL1 = Vin - VC1 

VL 2 = - VC 2


(1)

VDC = VC1 - VL 2 = VC1 + VC 2 , V D = 0

(2)

For the shoot-through state as shown in Fig. 3, the system equations can be written as

V L1 = V C 2 - Vin 
 (3)
V L 2 = V C1

VDC = 0 , VD = VC1 + VC 2 (4)

At steady state the average voltage across the both inductors over one switching cycle is zero.
From (1) and (3),
VL1 

T0 (VC 2+ V in )+ T1 (Vi n - VC1 )
0
T

VL 2 

T0 (VC1 )+ T1 (- VC 2 )
0
T

(5)

(6)

Solving (5) and (6),

VC1 

VC 2 

T  T0
Vin
T  2T0

(7)
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Vin
T  2T0

(8)
The DC-link voltage can be given as,

V DC  VC1  VC 2 

VDC 
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B is the boost-factor of qZSI.
Equations (1) to (11) demonstrate the mathematical interpretation of the proposed system [11]-[13].
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Fig.4 Block Diagram of q-Z-Source Based Single-Phase Inverter Grid Connected System with PI.
q-Z-SOURCE INVERTER
Block diagram of qZSI based Single-Phase Inverter grid connected system is shown in
Fig.1. In this model the PV array is connected as DC input to the system and it is connected to the qZSI network
which is used as buck/boost converter. And this impedance network is connected to the single-phase inverter and
before inverter is connected to the grid it is given output filter, here inductors are used as filtering devices. PLL is
connected to the output of the grid which gives the phase angle of voltage or current and also synchronization is
done between the grid frequency and the inverter frequency.
There are two controls those are AC and DC side controllers. AC side is current control method which is shown in
figure. And the next is DC side control, i.e, regulating capacitor voltage VC1, for that the sliding mode concept is
introduced and the equivalent control is designed and then given to the PWM generator. The sliding mode control is
designed [14]-[15].
In Z source network values of inductor and capacitor play a very important role. The voltage boost require is
depend on shoot through time period but it is also depending on rating of capacitor and inductor if values of q-Z
source network is not calculated properly then require amount of boost is not gain at output side and causes adverse
effects in terms of ripples.
A. Inductor Design
During traditional operation mode the input voltage appears across the capacitor and no voltage
appears across the inductor (just a pure DC current flow through the inductors). During shoot-through time,
the inductor voltage is same as capacitor voltage and inductor current increases linearly. The job of the
inductor is to limit the current ripple during shoot-through state. Inductor value can be calculated as
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VTsh
I

Where,

V

(12)

is the average voltage of capacitor during both shoot-through and non-shoot-through time and

I is the assumed current ripple of the inductor.
B. Capacitor Design
The capacitor absorbs the current ripple and achieves quite a stable voltage. The inductor is charged
by the capacitor during shoot-through time. The capacitor value can be calculated as,
I T
C  L sh
Vc

(13)

Where I L is the average current of the inductor and

Vc is the assumed voltage ripple of the capacitor [16].

SLIDING MODE:
The sliding mode control is well known for stability and robustness towards system input, output variation and
parameters uncertainties. SMC cannot be applied ideally, due to the limited switching frequency of power converters
so all of them act as quasi-sliding mode controllers. There are many papers proposed and discussed several sliding
surfaces to control output voltage of dc-dc converters such as buck, boost and cuk converters. This basically
concerns with the selection of sliding coefficients on the desired dynamic properties. In renewable applications
where dc input voltage of the converter varies in different circumstances or dc voltage which is needed for inverter
varies due to the load, qZSI seems to be suitable because of capability of controlling the dc voltage and SMC is an
appropriate control approach because of robustness towards system input, output variation. In this paper SMC is
employed to control and regulate the dc output voltage of grid connected qZSI impedance network [17].
A. STATE-SPACE MODEL:

X  Ax  Bu  D

x 
x   1
 x2 

(14)

(15)

B. SLIDING SURFACE:
The proposed sliding-mode controller contains the capacitor voltage and the input inductor current as controlled
state variables. Therefore, to reduce these errors we take errors of both capacitor voltage and the inductor current is
introduced which is given as,

x1= V ref -VC1

(17)

x 2= i ref -i L1

(18)

Therefore state-space equation in the standard form can be given as

X  Ax  Bu  D
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L
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(19)

Therefore, equivalent control signal can be obtained by,
C. EQUIVALENT CONTROL:

ueq  (GB) 1 (GAx  GD)
 (iref  iL1 ) (Vref  VC1 )   (iDC  iref ) (Vin  Vref ) 


k
  k

C
L
C
L




u eq 
 (2iL  iDC ) (VC1  VC 2 ) 

k

C
L



(20)

[18]

SIMULATION PARAMETERS:

PARAMETERS

VALUE

Input Voltage
Load
Inductor(L1=L2=L)

250V
40 Ω
160µH

Capacitor(C1=C2=C)

1000µF

Filter Capacitance

10Mh

C supply frequency

50Hz

Switching frequency

10kHz

Calculated resister

3250ohm

SIMULATION RESULT:
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Conclusion
In this paper, SMC is used for supervisory the dynamic response of the grid connected qZSI system. The detailed
mathematical study of the SMC is done. Various aspects of the controller, are discussed in the paper, which include
the selection method of the sliding surface, and the existence condition. The simulation result shows that the
capacitor voltage controller gives a very fast response to a step change in reference value. Also, the controller is
stable and robust for wide variations in input and output. A comparison of the proposed controller, with the PI
controller, also clearly, proves the advantage, of the SMC based.
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