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Abstract

This paper elucidates simulation of single phase 3-level z-source neutral point clamped (NPC)
inverter with PV system. single phase NPC inverter employed due to its advantages like less voltage
stress, reduced harmonic content, minimsed CMV and voltage stress is low. Z-source network is engaged
to boost input voltage getting from the photovoltaic system, which is manoeuvre in shoot through and non-
shoot through conditions. This proposed scheme utilized to enhance the output voltage, minimise THD and
the leakage current can be avoided with help of split inductor connected with output of inverter system.
sinusiodal pulse width modulation (SPWM) used as control technique for the proposed 3-level z-source
NPC inverter. The simulation results of this scheme has been verified using matlab/simulink.
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1. Introduction

Electrical energy plays an imperative role in our daily life actions. Due to industrial and
urbanisation increases the energy demand also increases day by day. The major causes for
energy generations are coal, petroleum, gases and other things starts exhausting everyday [1].
So to meet the power demand of world, other alternative sources or renewable sources has to
be developed. Photovoltaic system (PV) has less geographical restrictions compare to the non
conventional energy sources, which accessible over the whole world [2]. Nowadays PV system
source become more promising renewable energy source due to its availabilty and
advantages [3]. PV system is the translation of incident solar light radiation to electrical energy
source, which is the most exploitable outline of energy. This can be accomplished with the help
of solar photovoltaic cell unit or with absorbed solar power plants. The grid connected solar
scheme does not necessitate a battery, because the grid system can accumulate the power
engendered by the PV array unit [4].

Generally inverter circuit is used to convert dc source into ac source. While using
multilevel inverter circuit, which includes advantages like reduced EMI problems, minimsed
capacitor balancing and common mode voltage, reduce the voltage stress and switching loss.
And z-source network used to boost input voltage, which evades the tradition of dc-dc boost
converters [5]. Split inductor neutral point clamped multilevel inverter evades the usage of
transformer for connecting the inverter with grid system [6]. O. Lopez at el [7] while using
transformer, leakage current should be escalating in the system, which causes grid current
distortion and safety problems.

Topologies without a transformer generally have lower cost, size, and weight than
topologies with transformers [8]. In transformerless PV systems that use the connection
between the neutral of the grid and the central point of the dc link, the leakage currents have
low values because the potential between the PV array and the ground is constant [9]. Power
electronic converters are contolled by various PWM schemes like sinusoidal PWM, Space
vector modulation, hysteresis contol, multicarrier sinusoidal PWM and nearest state vector
sechem. Among these methods, every method has their own merits and demerits [10]. Based
on these control schemes harmonic content of converter is minimised and shoot through states
of z-source inverter also controlled.
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This proposed scheme gives simulation of single phase transformerless 3-level z-
source neutral point clamped (NPC) inverter with PV connected system. In that z-source
network utilised to boost input voltage arriving from the PV system. the various modes of
opertion of z-source 3-level NPC inverter with shoot and non-shoot through state conditions are
discussed. and the system has been controlled using sinusoidal pulse width modulation.

2. PV System Modelling

A photovoltaic (PV) cell unit or photoelectric cell unit is a power semiconductor device
that exchanges light energy source to electrical energy source by PV effect condition [10]. If the
energy source of photon of light is greater to the band gap subsequently the electron is
unrestricted and the electron flow generates current source. Nevertheless a photovoltaic cell
unit is divergent from a photodiode unit [11]. In a photodiode unit light source falls on n-channel
semiconductor junction point and obtain renewed into current or voltage signal but a
photovoltaic cell unit is forever forward biased condition [12], [13]. Figure 1 shows PV array
modelling circuit
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Figure 1. PV array modelling circuit

A PV array unit contains of abundant photovoltaic cells in series connections and
parallel connections. Series associated schemes are responsible for escalating the voltage of
the system while the parallel connected schemes are accountable for escalating the current in
the system [15]. In generally a solar cell scheme can be premeditated by a current source and
an inverted diode allied in parallel to system. It has its own series resistance and parallel
resistance to progress the system voltage and current [16]. Series resistance is due to
obstruction in the path of electrons flow from n-channel semiconductor to p-channel
semiconductor junction point and parallel resistance is due to the leakage current, the system
output current from the photovoltaic array unit depends on,

I =1Igy —lga 1)
I, = ]p(eyvdd/WQ-l) )
Where |, is the reverse saturation current of the diode, y is the electron charge, Vyq is the

voltage across the diode, w is Boltzmann constant and Q is the junction temperature, from
equations 1 and 2.
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In instruct to representation the solar panel unit, it necessitates two diode scheme
models but in the projected performance, it is inadequate to the single diode model. Also, the
shunt resistance is very elevated and can be deserted during the path of the discussion [13].

3. 3-level Z-source NPC Inverter

The neutral point clamped multilevel inverter has expanded greatly additional
concentration in modern years and is extensively established by researchers today, which is
also called as diode clamped multilevel inverter. It generates staircase output volatege levels,
which is depends on dc link capacitors. Figure 2 shows circuit of single phase 3-level z-source
NPC inverter
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Figure 2. Circuit of single phase 3-level z-source NPC inverter

Generally when using transformer for synchronising 2 systems, which leads to more
cost, bulky in size and more leakage current, these are evading by the use of coupled inductor,
which can do the same function of transformer.

a. Modes of operation

Single phase 3-level z-source neutral point clamped (NPC) inverter with PV system can
be operated using shoot through and non shoot through condition. While using shoot through
condition, the output voltage can be boosted 2 times of applied input voltage.

b. Non shoot through condition

The operation of single phase 3-level z-source neutral point clamped during non shoot
through condition its acting as typical NPC inverter. During this process the output voltage of
inverter is less than the input voltage.

The inverter can operate in 3 differnet switching conditions like when top 2 switches are
ON the output voltage Vo=+Vdc/2, when bottom 2 switches are ON the output voltage Vo=-
Vdc/2 and when middle 2 switches are ON the output voltage Vo=0, which is shown in Figure
3a, 3b & 3c respectively and Modes of operation during non shoot through conditions are shown
in Table 1.

Table 1. Modes of Operation during non Shoot through Condition

Different Modes Switches Position Qutput voltage (Vo)
Mode 1 S1,S2 ON & S3,54 OFF Vo=+Vdc/2
Mode 2 S3,S4 ON & S1,S2 OFF Vo=-Vdc/2
Mode 3 S2, S3 0N & S1, S4 OFF Vo=0
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Figure 3. Non-shoot through states of proposed system (a) Model Vo=+Vdc/2
(b) Mode2 Vo=-Vdc/2 (c) Mode3 Vo=0

c. Shoot through condition

The main disadvantage of traditional 3-level NPC inverter is all switches placed in a leg
cannot switched ON simultaneously. But during shoot through condition, all the switches in a leg
can be switched ON with damaging any power semiconductor switches. The input supply will
cut off, when the diode is reverse biased condition and at this time the capacitor and inductor
placed in z-source network starts to discharging.

Then during next mode both input source and capacitor charged voltages adding to
boost the output voltage of the inverter circuit. The shoot through states of single phase 3-level
NPC inverter has operated in 3 modes of operation, in that when all switches S1, S2, S3 & S4
are switched ON (full shoot through), when top 3 switches S1, S2 & S3 are switched ON (upper
shoot through) and when lower 3 switches S2, S3 & S4 are switched ON (lower shoot through),
which is shown in Figure 4a, 4b & 4c respectively. Modes of operation during shoot through
condition is shown in Table 2.

Table 2. Modes of Operation during Shoot through Condition

Different Modes Switches Position Condition
Mode 1 S1, S2, S3 ON S4 OFF Upper shoot through
Mode 2 S1, S2, S3,S4 ON Full shoot through
Mode 3 S1, S2, S3, S4 ON Lower shoot through
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Figure 4. Shoot through states of system (a) model upper shoot through, (b) mode2 Full shoot
through, (c¢) mode3 lower shoot through

4. Sinusoidal PWM (SPWM)

Among various pulse width modulation (PWM) schemes sinusoidal Pulse Width
Modulation (SPWM) method is one of the method to control power semiconductor devices,
which engender the switching pulses by evaluating the reference signals (sinusoidal) with
carrier signals (triangular). At this point the sinusoidal waveform perform as reference signal and
triangular waveform perform as carrier waveform, by comparing these above two signals the
obligatory switching pulses created. Every switching pulse thickness assorted direct
proportionally to the amplitude of the sinusoidal wave measured at the interior of the equivalent
pulse is shown in Figure 5.

The output frequency (fo) of the Z-source inverter can be ascertain by using the
frequency of the reference signal (fr). The rms output voltage (Vo) can be inhibited by
modulation index (M) and in turn modulation index is controlled by peak amplitude (Ar). The
voltage can be embarrassed by the generate gating pulses from the controller. The number of
pulses per half cycle depends on the carrier frequency.

v,
Ma — ref
Vear

Simulation of Single Phase 3-level Z-source NPC Inverter with PV System (K. Selvakumar)



2298 = ISSN: 1693-6930

Where, Vref-Maximum amplitude of reference sinusoidal control signal, Vcar- Maximum
amplitude of carrier triangular signal.

Figure 5. Switching pulse generation using SPWM scheme

5. Simulation Results and Discussion

The recital of the single phase 3-level z-source neutral point clamped (NPC) inverter
with PV system authenticated by using MATLAB simulation under different PV array operating2
situations. The performance of the system is tested with various solar radiations from 400W/m
to 800W/m? and various temperatures (0-38) C. And z-source NPC inverter operated under
shoot through and non shoot through mode conditions.

Figure 6 shows the electric power generation using photovoltaic system, which is
obtained maximum as 700W, which 98 V generated from PV system. This generated PV
voltage is boosted as 160 V with help of z-source network, which is shown in Figure 7 and
output voltage of 3-level z-source NPC inverter under is 157.1 V, which is operated under shoot
through & non shoot through conditions is shown in Figure 8. In Figure 9 shows output current
of 3-level z-source NPC inverter with photovoltaic system.
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Figure 6. Electric power generation using photovoltaic system
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Figure 7. Boosted input voltage using z-source network
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Figure 8. Output voltage of 3-level z-source NPC inverter
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Figure 9. Output current of 3-level z-source NPC inverter

In Figure 10 shows harmonic analysis for voltage of 3-level z-source NPC inverter,
which minimised up to 20.78 % with fundamental voltage magnitude of 157.1 V. And Figure 11
shows the switching pulse generation using SPWM to control proposed NPC inverter power
switches. And the staircase output voltage from NPC inverter is synchronised with ac load or ac
applications through coupled inductor, which is shown in Figure 12.

FFT analysis
Fundamental (50Hz) = 157.1, THD= 20.78%
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Figure 10. Harmonic analysis for voltage of 3-level z-source NPC inverter
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Figure 11. Switching pulse generation using SPWM
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Figure 12. Output voltage of 3-level z-source NPC inverter with split inductor

6. Conclusion

This projected method furnishs simulation of single phase coupled inductor based 3-
level z-source neutral point clamped (NPC) inverter with PV connected system. z-source
network used to boost input voltage from the photovoltaic system, which is operted under shoot
through and non shoot through state conditions. Based on this proposed scheme the THD is
minimised and output voltage improved. The simulation results of the projected scheme verified
using matlab/simulink tool. The following results are obtained from the projected scheme,
a. Using z-source network the PV system voltage is boosted from 98V to 160 V.
b. THD of proposed system is 20.78% with variable PV system.
c. Coupled inductor is used to synchronise with ac load or ac applications, which avoids

leakage current problem and economically good system.

References

[1] FZ Peng. Z-Source Inverter. IEEE Transactions on the Industry Applications. 2005; 39(2): 504-510.

[2] J Anderson, FZ Peng. Four quasi Z source inverter. Proc. IEEE Power Electron. Spec. Conf. 2008:
2743-2749.

[3] Li, Yuan et al. Modeling and control of quasi Z source inverter for distributed generation
applications. IEEE Transactions on Industrial Electronics. 2013; 60(4): 1532-1541.

[4] Effah, Francis Boafo et al. Space-vector-modulated three-level inverters with a single Z-source
network. IEEE Transactions on Power Electronics. 2013; 28(6): 2806-2815.

TELKOMNIKA Vol. 16, No. 5, October 2018: 2293-2301



TELKOMNIKA ISSN: 1693-6930 B 2301

(5]
(6]

[7]

(8]

9]
(10]
[11]

[12]

[13]

Liu, Yushan, et al. Overview of space vector modulations for three-phase Z-source/quasi-Z-source
inverters. IEEE Transactions on Power Electronics. 2014; 29(4): 2098-2108.

Hemanthakumar R, Raghavendrarajan V, Ajin Sekhar CS, Sasikumar M. A novel hybrid negative half
cycle biased modulation scheme for cascaded multilevel inverter. International Journal of Power
Electronics and Drive Systems (IJPEDS). 2014; 4(2): 204-211.

Bharatiraja C, Raghu, Paliniamy KRS. Comparative analysis for different PWM techniques to reduce
the common mode voltage in three-level neutral-point- clamped inverters for variable speed induction
drives. International Journal of Power Electronics and Drive Systems (IJPEDS). 2013; 3(1): 105-116.
R Palanisamy, K Vijayakumar, Komari Nikhil, Madhumathi lyer, Ramachandar Rao. A Proposed SVM
for 3-level Transformer-less Dual Inverter Scheme for Grid Connected PV System. Indian Journal of
Science and Technology. 2016; 9(42).

T Kerekes, R Teodorescu, M Liserre. Evaluation of three-phase transformerless photovoltaic inverter
topologies. IEEE Trans. Power Electron. 2012; 24(9): 2202—-2211.

HF Xiao, SJ Xie. Leakage current analytical model and application in single-phase transformerless
photovoltaic grid-connected inverter. IEEE Trans. Electromagn. Compat. 2010; 52(4): 902-913.

T Kerekes, R Teodorescu, U Borup. Transformerless photovoltaic inverters connected to the grid.
Proc. IEEE Appl. Power Electron. Conf. 2014: 1733-1737.

R Palanisamy, AU Mutawakkil, K Vijayakumar. Hysteresis SVM for coupled inductor z source diode
clamped 3-level inverter based grid connected PV system. International Journal of Power Electronics
and Drive Systems (IJPEDS). 2016; 7(4): 1181-1192.

MB Bana Sharifian, Y Mohamadrezapour, M Hosseinpour, S Torabzade. Single-stage grid connected
photovoltaic system with reactive power control and adaptive predictive current controller. J. Appl.
Sci. 2012: 1812-5654.

[14] R Palanisamy, K Vijayakumar. Maximum Boost Control for 7-level z-source cascaded h-bridge

[15]

[16]

inverter. International Journal of Power Electronics and Drive Systems (IJPEDS). 2017; 8(2): 739-746.

Palanisamy Ramasamy, Vijayakumar Krishnasamy. A 3D-Space Vector Modulation Algorithm for
Three Phase Four Wire Neutral Point Clamped Inverter Systems as Power Quality Compensator.
Energies. 2017; 10(11): 1792.

Peng, Fang Zheng, Miaosen Shen. Maximum boost control on the Z-source inverter. IEEE
Transactions on power electronics. 2011; 20(4): 833-838.

Simulation of Single Phase 3-level Z-source NPC Inverter with PV System (K. Selvakumar)


http://www.mdpi.com/search?authors=Palanisamy%20Ramasamy&orcid=0000-0003-0120-9087
http://www.mdpi.com/search?authors=Vijayakumar%20Krishnasamy&orcid=
http://www.mdpi.com/1996-1073/10/11/1792
http://www.mdpi.com/1996-1073/10/11/1792

