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Abstract: The photovoltaic (PV) power systems have become very popular among the renewable energy sources. As output of the
PV array is DC voltage and the grid voltage is AC voltage, the grid-connected inverter is used as an interface between them.
Compared to the isolated inverters, transformerless PV inverters are most preferred because of lower cost, smaller size, and higher
efficiency. As applications of non- conventional source of energy is low in buck inverter, a transformerless grid-connected boost
inverter is proposed with the combination of a boost converter and a buck- boost converter. Thus, boost function can utilize optimum
amount of input source and used in wide range of applications. As grounds of the PV array and the grid are shorted, the common
mode leakage current can be eliminated. The inverter consists of 5 switches and the control strategy is based on sinusoidal pulse
width modulation technique (SPWM). The performance study of transformerless grid-connected boost inverter is carried out with
MATLAB / SIMULINK R2017b platform for an output power of 350W. Finally, output voltage of the inverter is obtained as 110V
with an input voltage of 65V with THD 6.5% and efficiency 97%. The control circuit used is dSPACE ds1104 controller. This
inverter can be used in the grid connected PV applications.

Index Terms - Boost Inverter, Transformerless, Gain, Efficiency, THD

I. INTRODUCTION

Grid- connected inverters are widely used in the microgrid and distributed power generation system. Transformerless PV grid-
connected inverters are more preferred because of lower cost, smaller size, and higher efficiency compared with the isolated grid-
connected inverters. Here, the output is a buck function so gain and eficiency is less compared to boost function and applications
are also less in buck converters. The transformerless PV grid- connected inverter with boost function[1] has boost capability, so the
power generated by the PV panel can be fully utilized under shading condition. But more number of components are used and
control strategy is difficult hence voltage stress across switches is very high. The non-isolated PV inverters has issue of common
mode leakage current, which may cause problems of personal safety, severe electromagnetic interference, distorted grid current,
and extra loss. Here also SPWM control strategy is used [2]. A Doubly Grounded Transformerless PV Grid-Connected Inverter [3]
consists of a buck converter and a buck-boost converter, which operates at positive and negative half cycles, respectively. There is
no shoot-through problem in this inverter, so dead-time in gate signals is not required. The common mode leakage current can be
eliminated by shorting the grounds of PV array and the grid. Here, the output is a buck function so gain and eficiency is less
compared to boost function and applications are also less in buck converters. A single stage transformerless PV gridconnected
inverter [4] is the combination of two boost and one buck converters. As the ground of the grid is directly connected to the cathode
or anode of the PV panel, there is no common mode leakage current and inverter has boost capability, so the power generated by
the PV panel can be fully utilized under shading condition. But more number of components are used and control strategy is difficult.
Thus circuit has more weight and voltage stress across switches is very high. A Transformerless Grid-Connected PV Inverter [5]
consists of a buck-boost converter and a dual-buck half-bridge inverter, so there is no shoot-through problem, as grounds of the
input source and the grid are shorted, there is no common mode leakage current. Effect on the reduction of the leakage current is
affected by the environmental conditions and parameters of power devices. Here, reliability of system is improved but have high
input voltage and high grid current. A Two-Switch Dual-Buck Grid-Connected Inverter [6] having all switches and diodes operate
at each half line cycle, and the freewheeling current flows through the independent freewheeling diodes instead of the body diodes
of the switches, so the efficiency can be increased potentially. As the shoot-through problem does not exist in the DBFBI, dead time
between the switches need not be set. The input voltage utilization rate of the DBFBI is twice that of the DBHBI under the same
output-voltage condition, i.e., the voltage stress of the power device in DBFBI is half that in the DBHBI. Here, unipolar modulation
is used and there is absence of inrush current. A H6 transformerless Full-Bridge PV Grid-tied Inverters[7] have been introduced to
meet the safety requirement of leakage currents, such as specified in the VDE-4105 standard. A family of H6 transformerless
inverter topologies with low leakage currents is introduced, and the intrinsic relationship between H5 topology, HERIC topology
and proposed H6 topology has been discussed as well in detail. One of the H6 inverter topologies is taken as an example for detail
analysis with operation modes and modulation strategy. The power losses and power device costs are compared among the H5, the
HERIC and the H6 topologies. A universal prototype is built for these three topologies mentioned for evaluating their performances
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and strategy in terms of power efficiency and leakage currents characteristics. In order to reduce the common mode leakage current,
extra power devices should be added into the grid-connected inverters and the control method should be changed [8]. The midpoint
of input divided capacitors in the half-bridge inverter can be connected to the ground of the grid to keep the voltage across parasitic
capacitor constant, which can effect on reduction of the common mode leakage current by the environmental condition on the PV
array and parameters of power devices [9]. In addition, it is a two-stage system and all switches operate at high frequency, so
efficiency of the system is low.

In order to address the aforementioned issues, a transformerless grid-connected boost inverter is proposed with the combination of
a boost converter and a buck- boost converter. Thus, boost function can utilize maximum amount of energy with optimum usage of
input source and used in wide range of applications. As grounds of input source and the grid are shorted, there is no common mode
leakage current. Also no two adjacent switches are connected together, so it can solve the shoot through problem by connecting
passive elements between them.

Il. METHODOLOGY

A transformerless grid-connected boost inverter is a combination of a boost converter and a buck- boost converter. From [2] they
introduced transformerless inverter with boost function but it has more number of components. With that idea this topology is
designed by consists of five power switches Si, Sz, S3, S4 & Ss, inductors L1, L, & L3, diodes D; & D>, capacitance C; & C; & load
resistor Ro. Fig. 1 shows the transformerless grid-connected boost inverter.
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Fig. 1 Transformerless Grid-Connected Boost Inverter
2.1 Modes of Operation

The grid-connected boost inverter is combined with a boost and one buck- boost converter, which operates at unity power factor.
The boost converter is composed of Lo, Ss, D2 & C2. The buck- boost converter is made up of S, D1, L1, Cy, S3, Ss & Ls. Fig. 2
shows the theoretical waveforms of boost inverter.
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Fig. 2 Theoretical Waveforms of Boost Inverter

At mode I, the switches S, Ss are turned on and switches Si, Ss, S4 are turned off. At this moment, the input DC Vi, charges the
inductor L, through D, and discharges C1. Also, inductor Ls charges through switch S, and discharges C.. Fig. 3(a) shows the
operating circuit of mode 1. At mode Il, the switches S, S4 are turned on and switches Si, Sz, S4 and diode D; are turned off. At
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this moment, the input DC Vi, charges the inductor L, through Sa. Also, inductor Lz charges through switch S; and discharges Co.
Fig. 3(b) shows the operating circuit of mode 2. At mode 111, the switches S; is turned on and switches Si, Ss, S4, Ss are turned off.
At this moment, the input DC Vi, discharges the inductor L, through D.. Also, inductor Lz discharges through switch S, and charges
Ca. Fig. 3(c) shows the operating circuit of mode 3.
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Fig. 3 Operating Modes. (a) Mode I; (b) Mode I1; (c) Mode 11; (d) Mode IV; (e) Mode V; (f) Mode VI

At mode 1V, the switch Ss & diode Dss are turned on and switches Si, Sz, Ss, Sa are turned off. At this moment, the input DC Vij
discharges the inductor L, through diode D; and charges C1 & C,. Also, inductor L3 discharges through switch Ss. Fig. 3(d) shows
the operating circuit of mode 4. At mode V, the switches Si, Sz are turned on and switches Sy, S4 and Ss are turned off. At this
moment, the input DC Vi, charges the inductor L; through S;. Also, both L3 and C; discharges through Ss. Fig. 3(e) shows the
operating circuit of mode 5. At mode VI, the switches Ss is turned on and all other switches are turned off. At this moment, the
input DC Vi, discharges the inductor Li through diode D1. Also, inductor L3 discharges through switch Ss and charges Ci. Fig. 3(f)
shows the operating circuit of mode 6.

2.2 Design of Components
In order to operate an inverter properly, its components should be designed appropriately. Some assumptions are taken for the

design of transformerless grid- connected boost inverter. It consists of design of load resistance, inductors L1, L, & L3 and the
capacitors C1 & C,. The input voltage is taken as 65V. The output power and output voltage are taken as 350W and 110V. Switching
frequency is 90kHz. On solving (1) output current is obtained as 3.2A. So, the ripple of indutor current is takenas Al_ = (0.1- 0.4)
of I, .

lo= 17 (1)
Duty Ratio can be found by (2) which is taken as 0.4. The value of load resistor is set as 35 in (3).
=1— Yin
D =1 Vo (2)
_ Vo©
R= 22 ©)

The inductors L; & Lz are obtained by taking current ripple as 10% of l,. By substituting values to (4) & (6) it is approximated to

2.2mH each. For inductor L the current ripple is 20% of l,. It is given in (5) and value chosen to be 550 H.
1

L, >= 4
P B for ) @
Vin * (Vo = Vin)
L >: mn 0 mn 5
2 fs * Al ¥V, ( )
Vo *xD
Ly>= —*D 6
s fs * Al ©)

The design of the capacitor mainly considers the voltage stress and maximum acceptable voltage ripple across it. The capacitors C;
& C; are obtained by taking voltage ripple as 10% of V,. By substituting values to (7) & (8) capacitor values are approximated to
1uF for C; & 2.2pF for C,.

Vo *D
Ci<= ——— 7
! fs *AVo iR ()
C2 S= IO * Lz *AILZ (8)

Vin * AV,
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I1l. SIMULATIONS AND RESULTS

The transformerless grid- connected boost inverter is simulated in MATLAB/SIMULINK by choosing the parameters listed in
Table 1. The switches are MOSFET with constant switching frequency of 90 kHz.

TABLE I
Simulation Parameters of Transformerless Grid- Connected Boost Inverter

Parameters Value

DC input voltage, V,, 65V
AC output voltage, V, 110V
Switching frequency, f; 90kHz
Rated power, P, 350W

Inductor, L, & L 2.2mH each

Inductor, L, 550pH

DC bus capacitor, C, 1uF
Capacitor, C, 2.2uF

The power switches of the boost inverter are based on Sinusoidal Pulse Width Modulation (SPWM). The SPWM signal is used by
the comparison of the absolute value of the sine wave as modulation wave with the triangle wave as the carrier wave. Here 2
repeating sequences are taken with different magnitudes for better output voltage. A dc input voltage of 65 V and input current of
5A gives an ac output voltage of 110 V and output current of 3A for an output power, P, of 350 W. Fig. 4(a), (b) shows the input
voltage and current, Fig. 4(c), (d) shows the output voltage and current. Thus, the voltage gain is obtained as 1.7.
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Fig. 4 (a) Input Voltage, (b) Input Current, (c) Output Voltage, (d) Output Current

Fig. 5 & 6 shows the gate pulse and voltage stress across switches S1, Sy, Ss, Ss and Ss. The voltage stress of both Vg, Vs, is 170V
and Vg, Va and Vs are 110V each.
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Fig. 5. Gate Pulse and Voltage Stress of (a) S1(Vs1), (b) S2(Vs2), (€) Sz (Vs3)
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Fig. 6. Gate Pulse and Voltage Stress of (a) Sa (Vss), (b) S5(Vss)

The voltage across capacitors Vc1 & V¢ is obtained as 110V each which is shown in Fig 7. Fig. 8 shows the current across
inductances Ly and L,. It can be seen that the current across filter inductances i 1 is 7.5A, iz is 4.7A
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Fig. 7. Voltage across Capacitor (a)Vc, (b)Vez Fig. 8. Current across Inductance (a)iL1, (b)iL2

IV. PERFORMANCE ANALYSIS

Efficiency of a power equipment is defined at any load as the ratio of the power output to the power input. Here the efficiency Vs
output power with R load and RL load for transformerless boost inverter is done and shown in Fig. 9. The maximum inverter
efficiency for R & RL load are obtained as 96% and 97%. The variation of efficiency with power output is medium for both load
ie about 350 W. Thus, the transformerless boost inverter can be used in medium power applications.
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Fig. 9. Efficiency Vs Output Power for (a) R load, (b) RL load
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The FFT analysis is done the THD obtained is 6.59% for proposed inverter. The plot of THD Vs Switching frequency is shown in
Fig. 10. It is observed that the switching frequency for fs = 90 kHz, the obtained THD is 6.59% and for other frequencies it has

more THD than the proposed one.
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Fig. 10. THD Vs Switching frequency
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The bode plot of system is shown in the Fig. 11. The system has a continuous-time transfer function which is given in (9). The
obtained Phase cross over frequency (Wyc) is 4.967*104 rad/s and gain cross over frequency (Wyc) is 3.45*104 rad/s.

Thus, it can be seen that both poles are lying on left half of s plane. Also, both gain margin (Gm) and phase margin (Pm) are 24.2
dB and 2.36deg. So both are positive values and the W, > Wqc. Hence, the system is stable.

(1.666 x 1011) $2+ (1.039 x 1017) S+(1.983 * 1020)
S5 — (5.457 x 10712) 5%+ (2.413 * 109) S3 + (1.468 * 10762) §2— (2.38 * 1017) S— (1.448 + 1075%)

G(s) = 9)

Bode Diagram
Gm = 24.2 dB (at 3.45e+04 rad/s) , Pm = 2.36 deg (at 4.97e+04 rad/s)
200 T T . !

100 |

Magnitude (dB)

-200
-90

-180

Phase (deg)

20— —

10* 10° 108

Frequency (rad/s)

Fig. 11. Bode Plot of Transfer Function

V. COMPARITIVE STUDY

The comparison between transformerless inverter & transformerless grid-connected boost inverter is given in table 2. On the
comparison it can be observed that, keeping same values for input voltage 65V & switching frequency as 90kHz, the required output
voltage is 110V for both inverters. But, voltage stresses across switches and diode are more in other inverters compared to the
proposed inverter. Also, proposed inverter have low THD and high efficiency than other inverters.

TABLE II
Comparison Between Transformerless Inverters & Proposed Inverter
Parameters Transformerless | Proposed Inverter
Boost Inverter
[1]
Number of Switches 5 5
Number of Inductors 3 3
Number of Capacitors 3 3
Number of Diodes 3 2
Input Voltage (f; = 90kHz ) 65V 65V
Output Voltage 110V 1oV
Voltage stress of Switches S, S,- 175V S, S,- 170V
S..S,,8s - 120V | S,,8,,8s - 110V
THD 1.2% 6.5%
Efficiency 95% 96%

Table 3 shows the component wise comparison between transformerless grid-connected boost inverter & other Inverters.
Comparison is based on the components used in the different inverters. From table it can be observed that, the number of total
components used in transformerless grid-connected boost inverter is less than other inverters. Hence, size of inverter and cost is
less.

TABLE IlI
Comparison Between Transformerless PV Grid-Connected Inverter & Other Inverters
Inverters | Transformerles Dual Coupled Transformerless
s Boost Switched- | Inductor High | Grid-Connected
Inverter Boost Boost Inverter | Boost Inverter
1] Inverter [11] [12]

Switches 5 6 5

Inductors 3 2 3

Capacitors 2 2 2 2

Diodes 3 5 3 2
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VI. EXPERIMENTAL SETUP WITH RESULTS

For the purpose of implementing hardware, the input voltage is reduced to 5V and the switching pulses are generated using dSPACE
ds1104 controller. The switches used are MOSFET IRF540 & diodes are IN 5817. Driver circuit is implemented using TLP250H,
which is an optocoupler used to isolate and protect the microcontroller from any damage and also to provide required gating to turn
on the switches. Experimental setup of transformerless grid- connected boost inverter is shown in Fig. 12(a). Input 5V with 0.504A
DC supply is given from DC source. Switching pulses are taken from dSPACE connector panel to driver circuit. Thus, an output
voltage of 7V with 50Hz frequency is obtained from power circuit that is shown in Fig. 12 (b). Output voltage of inverter is taken
from the DSO oscilloscope.

Fig. 12. (a) Experimental Setup, (b) Output Voltage of Proposed Inverter

VIIl. CONCLUSION

A transformerless grid connected boost inverter without shoot- through problem is proposed in this paper, which can work in a
string- oriented PV applications. The grid connected boost inverter can be derived from a boost converter and a buck- boost
converter. As there is no shoot-through problem in the proposed inverter, dead-time in gate signals is not required, and then the grid
current quality can be improved. The proposed inverter has boost capability, so the power generated by the PV panel can be fully
utilized under shading condition. The performance study and analysis of transformerless PV grid connected inverter is carried out
using MATLAB R2017b. From the simulation results and various comparisons, there is no shoot through problem and by using the
SPWM strategy the modulation of switches is very simple and thus switching losses is reduced. For a 1.6W prototype of proposed
inverter is implemented using dSPACE controller. Thus, these features make the presented topology an excellent interface for the
grid connected photovoltaic generation systems.

REFERENCES

[1] Zhilei Yao and Zhong Wang, “Single-Stage Doubly Grounded Transformerless PV Grid-Connected Inverter With Boost
Function,” IEEE TRANSACTIONS ON POWER ELECTRONICS, FEB 2022

[2] Meera Mohan, Jeena Joy, Geethu James, “Switched Inductor Based Transformerless Boost Inverter,” Materials Today:
Proceedings AIES, 2021

[3] Zhilei Yao, Yubo Zhang, “A Doubly Grounded Transformerless PV Grid-Connected Inverter Without Shoot-Through
Problem”,IEEE Transactions On Industrial Electronics, July 18,2020

[4] Zhilei Yao, Zhong Wang, “Single- Stage Doubly Grounded Transformerless PV Grid-Connected Inverter With Boost
Function”,IEEE Transactions On Power Electronics, VOL. 37,NO. 2, FEBRUARY 2022

[5] Zhilei Yao, Yubo Zhang, and Xuefeng Hu, “Transformerless Grid- Connected PV Inverter Without Common Mode Leakage
Current and Shoot-Through Problems”,IEEE Transactions on Circuits and Systems, Jun 14 2020

[6] Zhilei Yao and Lan Xiao, “Two-Switch Dual-Buck Grid-Connected Inverter with Hysteresis Current Control,” IEEE
Transactions On Power Electronics, Vol. 27, No. 7, July 2012

[7]1 L.Zhang, K. Sun, Y. Xing, and M. Xing, “H6 transformerless full-bridge PV grid-tied inverters,”IEEE Trans. Power Electron.,
vol. 29, no. 3, pp. 12291238, Mar. 2014.

[8] Mohsen Hasan Babayi Nozadian, Ebrahim Babaei, Vida Ranjbarzad, “Steady State Analysis of Dual Switched Boost Inverter,”
IEEE Transactions on Industrial Electronics, 2015

[91 Soumya Shubhra Nag and Santanu Mishra, “Three Winding Coupled Inductor Based High Boost Inverter with Increased Gain
Control,” 978- 1-4673-7151-3/15 IEEE 2015

[10] Bhagyalaksmi P S and Beena M Varghese, “Switched capacitor multilevel inverter with different modulation techniques,”
2017 International Conference on Innovations in information Embedded and Communication Systems (ICIIECS), 2017.

IJCRT2210351 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | d17


http://www.ijcrt.org/

