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Abstract - From last few years solar power technologies 
become less costly that have created to an attractive 
resolution, It is clean and environment friendly as compared to 
fossil fuel or nuclear. However the energy we are getting from 
sun is free of cost, offered nearly everyplace and it is 
renewable. Main benefits of PV technology is that it don't have 
any moving components, therefore the hardware is very 
robust, it have long life and no high maintenance is required 
and most significantly it's one resolution that it gives 
environment friendly power generation the efficiency of 
economic PV panel is around 15-20%. The efficiency and 
reliability of each single phase and three phase PV inverter 
system is improve using transformer less topologies. In this 
paper comparison of different topologies for transformer-less 
inverter is carried out. 
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1. INTRODUCTION   
 
In recent years the application of Photovoltaic generation 
system have increased rapidly in industrial and domestic 
structure.  PV generation has attracted the interest of new 
generation as it is capable of solve problems like global 
warming. It reduce unnecessary fuel expenses and PV does 
not cause air pollution and waste. As semiconductors are 
used in this system so there are no vibration and noises[6]. 
Another advantage of PV system is it has a life of more than 
20 years and it required minimum maintenance which 
reduce maintenance expenses. The output of solar cell 
changed by the change in surrounding temperature and 
irradiation.   And its efficiency is also low. But for power 
conditioning system (PCS) required high efficiency  it helps to 
transmit power from PV array to the load. Basically in single 
phase PV power conditioning system have two conversion 
stages , first stage is DC-DC conversion stage and second stage 
is DC-AC conversion stage. DC-DC performs maximum power-
point tracking. The function of MPPT is to maximize the 
energy during operation as it is connected to solar module 
array. MPPT circuit monitors the array voltage and current, 
which helps to harvest highest energy. 

When there is no transformer connected in grid connected 
photovoltaic system (PV),  a common-mode resonant circuit 
is obtained, when  common-mode (CM) voltage is varies, it 
excite resonant circuit which produces common-mode 
current. Common-mode current flow through the stray 

capacitance between PV array and ground, which may causes 
harm to the body and PV system. In order to avoid leakage 
current different topologies are proposed. 

2. Different topologies for transformer less inverter 
 

 

Fig.1 Block diagram of transformer-less inverter system 

Fig.1 shows the basic diagram of transformer-less inverter 
system ,where PV array is connected for generating power, as 
power generation by solar is less because its output changes 
easily by changing temperature or irradiation, so to boost 
output DC-DC boost converter is connected. 

 

Fig 2. H5 Inverter 
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Transformer-less H5 inverter topology  is shown in fig.2. This 
inverter have 5 number of switches which helps to reduce 
cost of a system. The h-bridge is connected to the PV panel by 
using fifth (S5) switch. Operation of H5 inverter is as follows. 

Modes of Operation of H5 inverter 

Operation of H5 inverter is divided into four modes: 

i. Active state mode: In this mode the current passes through 
S5, S1 and S4 from PV panel to the grid. 

ii. Zero state mode: It named as zero state mode because in 
this mode there is no energy transfer from PV to the grid. In 
this mode, the grid current freewheels through S1 and D3, 
and the PV panel disconnects from the grid.  

iii. Active state mode: This mode is also an active state mode 
because, the current passes through S5, S3 and S2 from PV 
panel to grid. 

iv. Zero state mode: This mode is also called as zero state 
mode because, the grid current freewheels through S3 and 
D1, and the PV panel disconnects from the grid.  

Transformer-less H6 inverter topology is shown in fig 3. This 
inverter have 6 number of switches.   

 

Fig 3. H6 Inverter 

Modes of operation of H6 inverter 

i. Active Mode : In active mode current passes through Switch 
S1, S4 and S5 and switches S3 and S6 remains OFF as shown 
in fig 3(a). 

 

Fig. 3(a) 

ii. Freewheeling mode : In this current passes through S1 and 
S3 and other all switches remains in OFF position as shown in 
fig 3(b). 

 

Fig. 3(b) 

iii. Active mode :  In this mode for negative half period 
current flows through switch S2, S3 and S6 and switches S4 
and S1 remains OFF. In this mode three switches are turned 
ON, current flows through S3 and S6 hence conduction losses 
are reduced as shown in fig 3(c). 

 

Fig. 3(c) 

iv. Freewheeling mode : In this mode current passes through 
switches S3 and S1 and all other switches remains in OFF 
position as shown in fig 3(d). 

 

Fig. 3 (d) 
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Fig 4. HERIC Inverter 

 In HERIC (High efficient and reliable inverter concept) 
inverter to create freewheeling path switches are added on 
the AC side[2][10]. 

Modes of operation of HERIC inverter 

i.  Active mode : In active mode current passes through 
switches S1, S4 and S6 as shown on fig 4(a). 

 

Fig 4(a) 

ii. Freewheeling mode : In freewheeling mode Current Passes 
through S5 and D6 as shown in   fig 4(b). 

 

Fig. 4(b) 

iii. Active mode : In active mode current passes through S2, 
S3 and S6 as shown in fig 4(c). 

 

Fig. 4(c) 

iv. Active mode : In this mode current flows through D5 and 
S6 as shown in fig 4(d). 

 

Fig. 4(d) 

 3. CONCLUSION 

The performance of different topologies for transformer-less 
system are carried out on the basis of their efficiency, 
common mode voltage and leakage current. 

 H5 

Inverter 

H6 

Inverter 

HERIC 

Inverter 

Efficiency High High High 

Leakage 

Current 

High Very low Very low 

Common 

Mode 

Voltage 

Floating Constant Floating 

 

As from table 1 the conclusion is, compared to H5 and HERIC 
inverter topology, H6 inverter topology is more efficient , 
because it has very low leakage current, constant CM voltage 
and High efficiency.  

 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 09 Issue: 04 | Apr 2022              www.irjet.net                                                                         p-ISSN: 2395-0072 

 

© 2022, IRJET       |       Impact Factor value: 7.529       |       ISO 9001:2008 Certified Journal       |     Page 2851 
 

3. REFERENCES 

[1]Yaousuo Xue, Liuchen Chang, Soren Backhoj Kjaer, 
Joshep Bordonau, Toshihisa Shimizu, "Topologies of 
single-phase inveters  for small distributed power 
generators:An Overview,"IEEE Transaction on Power 
Electronics, vol. 19, No.5, Sept 2004. 

[2]Chiragsinh M. Raj, Mr Hitesh Lade, “An Overview of 1  
phase transformerless heric inverter topology for 
standalone system”, Vol 3, issue 12, Dec 2016. 

[3]Zhou Xuesong, Song Daichun, Ma Youjie, Cheng 
Deshu, "Simulation and design for MPPT for PV system 
based on incremental conductance method," WASE 
International conference on Information Engineering, 
2010. 

[4]Liwei Zhou, Feng Gao, Guang Shen, Tao Xu, Weiqi 
Wang, "Low leakage current transformer-less three 
phases photovoltaic inverter," IEEE Energy conversion 
congress and explosion (ECCCE), 2016. 

[5]Naman Hariom Agrawal, B.B. Pimple, " Solar 
photovoltaic array based Brushless DC motor for fans in 
indian railways using maximum power point tracking 
algorithm," IEEE National Systems Conference (NSC), pp 
1-6, June 2016. 

[6]Oleti Hima Kiran Kumar, Kanaprathi Ravi Kumar, 
Merajotu Pratap Naik, "A New Topology of 
Transformerless Inverter for BLDC Drive System Using 
PV Applications, "International Research Journal of 
Engineering and Technology, Volume: 04, Issue: 05, May 
2017. 

[7]Julian C. Giacomini, Leandro Michaels, Humberto 
Pinheiro, “Active damping scheme for leakage current 
reduction in transformer-less three-phase Grid-
connected PV inverters, "Tech IEEE Transactions on 
power electronics, May 2018. 

[8]Wenjie wan, Ke Chennai, Lijun Hang, Anping Tong, 
YiLiang Gan, " Common-mode current reduction of 
three-phase cascade multilevel transformer-less 
inverter for PV system", International power Electronics 
conference, May 2018. 

[9]Sameer Goel, Pragati Priya, Manju Gupta, "Grid-
Connected PV inverter with inductive DC Link for 3 
phase Transformer less", International Journal of 
Scientific Research, vol. 6, Jan-Feb 2020.  

 [10]Mrs. P.S.Gotekar, Dr.S.P.Muley, Dr.D.P.Kothari, 
Dr.B.S.Umre, “Comparision of Full Bridge Bipolar, H5, 
H6 and HERIC Inverter for Single Phase Photovoltaic 
Systems- A Review”, IEEE INDICON 2015 

[11]Yaosuo Xue, Liuchen Chang, Josep Bordonau, 
Toshihisa Shimizu, “Topologioes of Single-Phase 
Inverters for Small Distributed Power Generators: An 
Overview”, IEEE Trans. On power Electronics, Vol.19, 
No.5, Sept 2004. 

[12] Yan Zhongping, Lei Weimin, Gao Feng, Wu Tao, 
Zhang Gaili, Wang Bin, “ Integrated Wind and Solar 
Power Forecasting in China” International conference 
on Service Operations and Logistics and Informatics 
(SOLI) 2013. 

[13] Edward J. Coster , Johanna M.A.Myrzik, Bas Kruimer 
and Wil L. Kling, “ Integration issues of distributed 
generation in distribution grids” Proceeding of IEEE 
January 2011. 

[14] N.K.Roy, H.R.Pota “Current Status and Issues of 
Concern for the Integration of Distributed Generation 
Into Electricity Networks” IEEE systems journal 2014. 

[15] IEEE Application Guide for IEEE Standard 1547, 
IEEE Standard for Interconnecting Distributed 
Resources with Electric Power Systems, IEEE Std 1547.2 
-2008, 2009. 

[16] H.Alatrash, R A. Amarin and L. Cheung, “Enabling 
large scale PV integration into the grid” , in Proceedings 
of IEEE Green Technologies Conference, pp.1-6,19-20 
Apr.2012. 

[17] R.Hudson and G. Heilscher, “PV grid integration – 
System management issues and utility concerns,” 
Energy Procedia, Vol 25, pp 82-92,2012. 

[18] M.H.Coddington, B.D. Kroposki and T.S.Basso, 
“Evaluating future standards and codes with focus on 
high penetration photovoltaic (HPPV) system 
deployment,” in Proc IEEE PVSC, Jun 20-25, 2010, pp, 
544-549. 

[19] IEEE 1547 (2009), IEEE Standard for 
Interconnecting Distributed Resources with Electric 
Power Systems, IEEE Std 1547.2 -2008, 2009. 

[20] Yongheng Yang, Huai Wang and Frede Blaabjerg, 
“Reactive Power Injection Strategies for Single-Phase 
Photovoltaic Systems Considering Grid Requirements” 
IEEE Trans. on Ind. Applications, Vol. 50, No. 6, Nov/Dec 
2014, pp 4065-4076. 

 

 

 

 

  


