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Abstract: This study presents the review on Research work carried out in Reliability assessment of Grid-
connected Photovoltaic (PV) Converters. Photovoltaic Generations systems have a significant demand and
share in today's electricity market. Due to the feasibility of the Photovoltaic Generation systems, it becomes
the most important Renewable Energy source. Many researches initiated their effort to increase the grid
integration of PV Systems by developing several methodologies. Since many PV Generation system
installations and their grid connection increases reliability and the lifetime of the PV Generation systems
brings more attention. Generally, manufacturers specify 20 to 25 years of a lifetime for the PV panels and
less than 15 years for Photovoltaic (PV) Converters. The Grid-Connected Converter or Inverter costs about
59% of the total cost. Hence the Reliability (Lifetime) of the Inverter plays a significant role in the operation
cost assessment. The mission profile, i.e., solar irradiation and ambient temperature, influence the lifetime
of the Grid-connected Photovoltaic (PV) Converters. These operating conditions affect the thermal loading
of Power Devices in the PV inverter. Hence the reliability assessment of Grid-connected PV inverter is
needed.

This study presents the Reliability assessment methodologies for the Grid-connected PV Inverters
under different operation conditions like solar irradiation and ambient temperature.

Keywords: Reliability, Life Time, PV Converter, Grid.

1. Introduction:

Globally the demand for Renewable energy sources is increasing exponentially due to the
lack of fossil fuels, especially in countries like India. In this regard, Photovoltaic Generation
systems have great potential for Grid Integration. Hence the Photovoltaic Generation systems have

a significant demand and share in today's electricity market. [1]
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Fig. 1: Global Annual PV Cumulative Capacity
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Fig. 2: Global Annual PV Installed Capacity

Fig. 1 shows the Global Annual PV Cumulative capacity. The total installed capacity is 500 GW
up to 2018. China is at first position with 176.1 GW and India listed in top ten with 32.9 GW. This
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statistic shows the demand for PV markets [2]. Fig. 2 shows the Global Annual PV Installed

Capacity for the year 2018 and India is at 2" Position and China is at 1% position.
2. Reliability Assessment of Grid Connected PV Inverter

(i) Need for Reliability Assessment: From the global PV statistics, it is anticipated that the need
for the PV manufacturing industries increased as the PV Generation is increased. Also, may
Industries and Domestic households be installing the PV plants. In this regard reliability
assessment plays a main role in the long-term operation of PV system. Generally, manufacturers
specify 20 to 25 years of a lifetime for the PV panels and less than 15 years for Photovoltaic (PV)
Converters. The Grid-Connected Converter or Inverter costs about 59% of the total cost. Hence
the Reliability (Lifetime) of the Inverter plays a significant role in the operation cost assessment.

(if) Mission Profile Based Reliability Assessment: For the real time assessment of Reliability
performance for the Grid Connected PV Inverters environmental aspects are to be considered. The
Performance of the PV Systems are affected by the environmental aspects such as Solar Irradiance
and Ambient Temperature called as Mission Profile. Solar Irradiance can be measured with the
help of Pyranometer and Ambient Temperature can be calculated using RTD Device. The
measured data is logged with the help of data logger and can be digitalized.

(iii) Location of Pyranometer: Location of pyranometer is important for the calculation of solar

irradiance. The correct location of pyranometer is show in the following Fig. 3.

_ _ Pyranometer Inclined (17°) with PV
Pyranometer at Horizontal Location Panel

Fig. 3: Location of Pyranometer
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For the accurate measure of solar irradiance pyranometer has to be place in parallel to the PV

panel.

(iv) Grid-Connected PV Inverters: There are several types of PV Inverters available in the

market S. Kouro et al. [3] categorizes the PV Inverters as shown in Fig. 4.

GRID CONNECTED
PV INVERTERS

v v v v

AC- Module Strine Inverte Multistring Centralized
Inverter Ting Mmverter Inverter Inverter
H-Bridge H-Bridge NPC

T-T
Type Type Type Ype
H-Bridge NPC
Type P Type

Fig. 4: Different configurations of Grid Connected PV Inverters

The Studies [4-11] identifies PV Inverter as the weakest among the PV system in terms of
Reliability. S. Yang et al. [12] made a survey based on questionnaire in the industries. From this
survey it is inferred that Power devices i.e. IGBTs are the weakest component show in Fig. 5.
Hence Reliability of IGBT is to be anticipated. According to the survey made by S.Yang et al. [12]

shows that 31% of the critical component is Power Semiconductor switches, i.e. IGBT.
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Fig. 5: Failure distribution in power converters [12].

Thermal Stress is the major reason for the failure of IGBT, H. Wang et al. [13] gives the
critical stressor of IGBT and says that thermal stress is the major stressor of IGBT. Thermal stress
in the IGBT is created due to the thermal cycling i.e. increase and decrease of temperature at the
IGBT Junction. Due to this thermal cycling bond-wire lift off and die-attach solder fatigue occurs
in the IGBT. Hence junction temperature (T;) has to be anticipated to identify the number of
thermal cycles. Fig. 6: shows the IGBT Cross section layout. [14-18]

(v) Electro Thermal Modeling of IGBT: For the calculation of junction temperature (Tj) Electro
Thermal Model of IGBT has to be developed. Foster and cauer are the two commonly used for the

thermal modeling of IGBT. Also, the studies [19, 20, 21, 22] carried in the Thermal modeling of
IGBT.
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Fig. 6: IGBT Cross Section layout

(vi) Life Time model: There are two types of life time models they are

1. Physical model
2. Analytical model

With the physical model life time can be calculated with experimental setup and in Analytical
model life time can be calculated with mathematical equations [22]. R. Bayerer et al. [23] proposed
Bayerer’s Model. From the Life time model Number cycles to failure (Nf) can be calculated and
given as
B2
Ny = K(AT;) . (T 273K) ¢, Bs [P+ yBs_DPe )

(vii) Reliability of PV Inverter: With the help of the Rain flow counting algorithm as shown in
Fig. 7, the Junction Temperature variations Tj can be studies and from that Number of Cycles n;,
Cycle Period ton, Mean Junction Temperature Tjm, Cycle Amplitude ATj are obtained. Number of
cycles to failure Nri can be calculated with help of Life time models, this proposal uses the
Bayerer’s Life Time Model. Life consumption (LC) can be calculated from the ratio of Number of
Cycles ni and Number of cycles to failure Nsi, thereby Life Time (LF). The above analysis is made
considering all the parameters are constant i.e. all the devices fails at same rate. but practically
uncertainties will be introduced with the parameter variations. Hence to consider uncertainties
Monte Carlo Simulation with 10000 samples is implemented. These 10000 samples can be fitted

in Weibull distribution. A parameter variation of 5% is implemented for all the parameters in the
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Bayerer’s Life Time Model. With the parameter variation both system level and component level
reliability can be calculated. [24-28]

Fig. 7: Reliability assessment of PV Inverter Flow chart
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3. Conclusion:

This study presents the reliability assessment of Grid connected PV Converters. Firstly,

this study reviews the scope of solar energy and concludes that PV system have the great future in

the solar energy industry. This study finds that grid connected PV Inverter is the most unreliable

component of the entire Grid connected PV System. This study presents different types of Grid

Connected PV Converters. IGBT is the most failure device in the grid connected PV Converter.

Finally, Reliability assessment methodologies for the grid connected PV inverter is presented.

4. References:

[1]

[2]
[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

"IEA PVPS Snapshot 2019," International Energy Agency, 2019, available on www.iea-
pvps.org/fileadmin/dam/public/report/statistics/IEA-PVPS_T1_35 Snapshot2019-Report.
pdf, accessed on Nov. 2019.

“All India installed capacity,” Central electricity authority, ministry of power, India
available on http://www.cea.nic.in/monthlyinstalledcapacity.html, accessed on Nov. 2019.
S. Kouro, J.I. Leon, D. Vinnikov and L.G. Franquelo, “Grid-connected photovoltaic
systems: an overview of recent research and emerging PV converter technology,” IEEE
Ind. Electron. Mag., vol., no. 9 pp. 47-61, Mar. 2015.

V. Sonti, S. Jain and S. Bhattacharya, “Analysis of the modulation strategy for the
minimization of the leakage current in the PV grid-connected cascaded multilevel
inverter,” IEEE Trans. Power Electron., vol. 32, no. 2, pp. 1156-1169, Feb. 2017.

R. Kaplar, R. Brock, S. DasGupta, M. Marinella, A. Starbuck, A. Fresquez, S. Gonzalez,
J. Granata, M. Quintana, M. Smith, and S. Atcitty, “PV inverter performance and
reliability: What is the role of the IGBT?,” Photovoltaic Specialists Conference (PVSC),
37th IEEE, pp. 1842-1847, June 2011.

G. Riedel and M. Valov, “Simultaneous testing of wirebond and solder fatigue in IGBT
modules,” Integrated Power Systems (CIPS), 2014 8th International Conference, pp. 1-5,
Feb. 2014.

C. Busca, R. Teodorescu, F. Blaabjerg, Munk-Nielsen, L. S. Helle, T. Abeyasekera, and R.
P., “An overview of the reliability prediction related aspects of high power IGBTSs in wind
power applications,” Microelectronics Reliability, vol. 9-11, pp. 1903-1907, Nov. 2011.
I. Kovacevic, U. Drofenik, and J. Kolar, “New physical model for lifetime estimation of
power modules,” Power Electronics Conference (IPEC), 2010 International, pp. 2106—
2114, Jun. 2010.

C. Liu, F. Brem, G. Riedel, E. Eichelberger and N. Hofmann, "The influence of thermal
cycling methods on the interconnection reliability evaluation within IGBT modules,” 2012
4th Electronic System-Integration Technology Conference, Amsterdam, Netherlands, pp.
1-5, 17-20 Sept. 2012.

P. D. Reigosa, H. Wang, Y. Yang and F. Blaabjerg, "Prediction of Bond Wire Fatigue of
IGBTs in a PV Inverter Under a Long-Term Operation,” in IEEE Trans. on Power
Electron., vol. 31, no. 10, pp. 7171-7182, Oct. 2016.

Page |915 Copyright © 2019 Authors



THINK INDIA JOURNAL ISSN: 0971-1260

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]
[23]

[24]

[25]

[26]

Vol-22-Issue-17-September-2019

U. Choi and F. Blaabjerg, "Real-time condition monitoring of IGBT modules in PV
inverter systems,” CIPS 2018; 10th International Conference on Integrated Power
Electronics Systems, Stuttgart, Germany, pp. 1-5, 20-22 Mar. 2018.

S. Yang, A. Bryant, P. Mawby, D. Xiang, L. Ran, and P. Tavner, “An industry-based
survey of reliability in power electronic converters,” Energy Conversion Congress and
Exposition, IEEE, pp. 3151-3157, Sept. 2009.

H. Wang, M. Liserre, F. Blaabjerg, P. de Place Rimmen, J. Jacobsen, T. Kvisgaard, and J.
Landkildehus, “Transitioning to Physics-of-Failure as a Reliability driver in power
electronics,” Emerging and Selected Topics in Power Electronics, vol. 2, pp. 97-114, 2014.
K. Upadhyayula and A. Dasgupta, “Guidelines for physics-of-failure based accelerated
stress testing,” Photovoltaic Specialists Conference (PVSC), 2011 37th IEEE, pp. 345—
357, Jan. 1998.

J. Reichelt, P. Gromala, and S. Rzepka, “Accelerating the temperature cycling tests of
FBGA memory components with lead-free solder joints without changing the damage
mechanism,” Proceedings from 2009 Microelectronics and Packaging Conference, pp. 1-
8, 15-18 June 2009.

K. C. Norris and A. H. Landzberg, “Reliability of controlled collapse interconnections,”
IBM Journal of Research and Development, vol. 13, pp. 266-271, May 1969.

T. McMahon, G. Jorgensen, and R. Hulstrom, “Module 30 year life: What does it mean
and is it predictable/achievable?,” National Renewable Energy Laboratory, Reliability
Physics Symposium, pp. 172-177, 2008.

K. Ma and F. Blaabjerg, “Reliability-cost models for the power switching devices of wind
power converters,” 3rd IEEE International Symposium on Reliability-cost models for the
power switching devices of wind power converters, pp. 820-827, June 2012.

A. S. Bahman, K. Ma and F. Blaabjerg, "A Lumped Thermal Model Including Thermal
Coupling and Thermal Boundary Conditions for High-Power IGBT Modules," in IEEE
Trans. on Power Electron., vol. 33, no. 3, pp. 2518-2530, Mar. 2018.

M. H. M. Sathik, T. K. Jet, K. Kandasamy, S. Prasanth, R. Simanjorang, C. J. Gajanayake,
"Online junction temperature estimation of IGBT modules for space vector modulation
based inverter system”, Proc. Int. Symp. IEEE Power Electron. Elect. Drives Autom.
Motion (SPEEDAM), pp. 156-162, Jun. 2016.

A. Sangwongwanich et al., "Enhancing PV inverter reliability with battery system control
strategy," CPSS Trans. on Power Electron. and Appl., vol. 3, no. 2, pp. 93-101, Jun. 2018.
S. S. Manson, Thermal stress and low cycle fatigue, New York: McGraw-Hill, 1966

R. Bayerer,T. Hermann, T. Licht, J. Lutz, and M. Feller, “Model for power cycling lifetime
of IGBT modules — various factors influencing lifetime”, in Proc. of the 5th International
Conference on Integrated Power Electronics Systems (CIPS), Nuremberg, Germany, 11-
13 Mar. 2008.

U. M. Choi et al., “Power cycling test and failure analysis of molded intelligent power
IGBT module under different temperature swing durations,” Microelectron. Rel., vol. 64,
pp. 403-408, Sept. 2016.

L. R. Gopi Reddy, L. M. Tolbert, B. Ozpineci, J. Pinto, "Rainflow algorithm based lifetime
estimation of power semiconductors in utility applications"”, IEEE Trans. Ind. Appl., vol.
51, no. 4, pp. 3368-3375, Feb. 2015.

Ranjith Kumar Gatla, Chen Wei, Zhu G.R, Zeng Dingjun, Nirudi Ramchander. “Lifetime
estimation of modular cascaded H-bridge MLPVI for grid-connected PV systems

Page |916 Copyright © 2019 Authors



THINK INDIA JOURNAL ISSN: 0971-1260

Vol-22-Issue-17-September-2019

considering mission profile”. Microelectronics Reliability, vol: 88 — 90, pp. 1051-1056,
Jun. 2018.

[27] Y.Yang, A. Sangwongwanich, F. Blaabjerg, Design for reliability of power electronics for
grid-connected photovoltaic systems, CPSS Trans. Power Electron. Appl., vol. 1, pp. 92—
103, Dec. 2016.

[28] G. Ranjith Kumar, G. R. Zhu, J. Lu, W. Chen and B. Li, "Thermal analysis and reliability
evaluation of cascaded H-bridge MLPVI for grid-connected applications,” in The Journal
of Engineering, vol. 2017, no. 13, pp. 1595-1599, 2017.

Page |917 Copyright © 2019 Authors



