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Today inverter system is one of the enabling technologies for efficiently harnessing energy
from renewable energy sources (Solar, Wind, etc.,) and also for high reliable grid
interfacing systems. With the advancements in power electronics, inverter conversion
efficiency pushed to 98%, also PV is becoming a major renewable energy source globally.
Nevertheless, the reliability performance of PV inverter is of high concern. Different
environmental factors like solar irradiance, ambient temperature (also called Mission
Profile) affect the reliability performance of PV inverter. Environmental conditions vary
from location to location. Hence to quantify the reliability performance of PV inverter all
these factors need to be considered. In this paper reliability performance of PV inverter is
evaluated considering environmental factors and geographical locations. For the reliability
evaluation, a 1-¢, 3-kW grid connected PV system is developed in PLECS. Full bridge PV
inverter with 600V/30A IGBT is employed as the interface between grid and PV source.
Real time mission profile data of one-year logs at India (Relatively hot climate) and
Denmark (Relatively cold climate) to account for environmental factors and geographical
locations during the reliability performance evaluation of PV inverter. Monte Carlo
simulation is used to generate a population of 20000 samples with 5% variation. Lifetime
for 20000 samples is calculated and fitted in Two Parameter Weibull distribution. Bio
lifetime is calculated at two locations. The results of this paper reveal that environmental
factors and geographical locations have a significant impact on PV inverter reliability

performance.
1. INTRODUCTION equator receive relatively high average solar irradiance and
average ambient temperature all over the year. Similarly,
With the rapid advancement of power electronic regions far from the equator receive relatively low average

technologies, PV inverter systems [1] have been widely
applied to harvest energy from solar energy systems, grid
connected applications etc. The application of inverter leads to
an increase in the utilization of solar energy sources and shares
a significant amount in total electricity demand [2].
Nevertheless, researchers reported PV inverter as the most
unreliable device in the PV system. The studies [3-7] says that
the Grid connected PV inverter is the weakest among all in
terms of reliability due to the power semiconductor switches.
Factors such as quality control, adequate design, Electrical
component failure, and other manufacturing factors influence
the reliability of PV inverter. A survey [8] taken from
industries concluded that power electronics switches are the
critical components. The major failures in power electronic
switches are due to thermomechanical failures. Reported wear
out, bond wire liftoff, etc., are the most occurring failures in
switches [9, 10]. Environmental conditions lead to power
cycling and thermal cycling of the switch, which are the major
causes for failure. Hence reliability evaluation of power
electronic switch is needed.

The reliability performance of the PV inverter is affected by
environmental factors like solar irradiance, ambient
temperature (also called Mission Profile). Environmental
condition varies from location to location. Regions near the
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solar irradiance and average ambient temperature all over the
year. The yearly month wise heatmap table of solar irradiance
and ambient temperature at both India and Denmark locations
are tabulated in Table 1 and Table 2 respectively [11].

The heatmap table showcases that solar irradiance and
ambient temperature vary from time to time and location to
location, thereby the reliability performance of PV inverter
also varies. In comparison with Denmark high climatic
conditions are recorded at India. High solar irradiance is
recorded at India from March to May. Low solar irradiance is
recorded at Denmark from November to February. Similarly,
high ambient temperature is recorded at India from March to
June. Low ambient temperature is recorded at Denmark from
November to April. To account for these factors in the
reliability evaluation real time mission profile data for one
year at geographical locations of India and Denmark are
logged.

In this paper 1-¢, 3-kW grid connected PV system is
considered as a test case and developed in PLECS. Full bridge
PV inverter with four 600V/30A IGBT’s of Infineon
manufacturer [12] is employed as the interface between grid
and PV source. First mission profile based reliability
evaluation is carried out at individual IGBT (Component
Level) then by combining all individual IGBT’s to get inverter
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(System Level) reliability. Finally, Bio lifetime is calculated at
both locations. Variation of B lifetime of PV inverter with
respect to the geographical location at both component level
and system level are presented.

Table 1. Heatmap table of solar irradiance

Solar Irradiance (Wh/m?)

Country/ Month

India Denmark
SEP 165053 100054
OCT 186766.1 61622.69
NOV 164028.1 24233.29
DEC 144757.6 10711.25
JAN 165846.2 16247.97
FEB 172830.1 36188.28
MAR 215120.5 71213.96
APR 213292.3 149069.7
MAY 215131.3 176171.3
JUN 145693.6 198472.5
JUL 148344.1 191219.2
AUG 146975.4 152064.2

Red = High, Yellow = Medium, Green = Low

Table 2. Heatmap table of ambient temperature

Ambient Temperature (°C)

Country/ Month

India Denmark
SEP 25.81 14.79
OCT 25.44 10.78
NOV 24.51 6.43
DEC 21.75 4.17
JAN 21.14 1.95
FEB 25.08 3.66
MAR 29.84 5.32
APR 32.71 7.95
MAY 34.68 10.5
JUN 30.51 16.77
JUL 27.14 17.34
AUG 25.76 18.03

Red = High, Yellow = Medium, Green = Low

2. RELIABILITY EVALUATION OF PV INVERTER

The critical component in the PV inverter is power
electronic devices i.e., IGBT [13]. Hence the reliability of
IGBT needs to be evaluated to get PV inverter reliability. The
temperature at the junction layers of the IGBT varies with
mission profile variations and leads to failure (bond wire liftoff,
wear out, etc.,) [14, 15]. Hence junction temperature needs to
be calculated for reliability evaluation. The step wise
reliability evaluation of PV inverter flow chart is shown in
Figure 1.

First mission profile data for one year needs to be logged.
The junction temperature of IGBT corresponds to the mission
profile variations it needs to be calculated. Foster Electro
thermal model of IGBT based of manufacturer data sheet is
developed in PLECS shown in Figure 2 for the calculation of
junction temperature [16].

Junction temperature at any instant is given as

Tj = Zin(j-c) * Pr+ T¢ (1

where,
®  Zuni— = Junction to case
e  Pr=Total Power Loss
e Tc = Case Temperature
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Figure 1. Flow chart for reliability evaluation

FOSTER ELECTRO THERMAL MODEL OF IGBT
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Figure 2. Foster electro thermal model of IGBT

Variations in the junction temperature are analyzed by the
rainflow counting algorithm [17]. From the rainflow algorithm
No. of Cycles nj, Mean Junction Temperature Tjm, Cycle
Amplitude AT are calculated. The lifetime of IGBT is
calculated by miners rule given as

1

ife Time (LT) Life Consumption (LC)

2

Life Consumption of IGBT is given as

Life Consumption (LC)
_ No.of Cycles (n;) (3)
h No.of Cycle to failure (Ng;)

where, No. of Cycles n; calculated from rainflow counting
algorithm. No. of Cycles to failure Ny can be calculated by
Bayerer’s life time model [18] shown below,



B2
Ny = K(AT].)Bl. e(Tj+273K) t,nP3. 1P+, VPs, DFs (4)

The parameter of the above equation is tabulated in Table 3.

Table 3. Bayerer’s lifetime model parameters

3. RESULTS AND DISCUSSION

A test case of a 1- ¢, 3-kW grid connected PV system with
full bridge inverter is considered and developed in PLECS
environment as shown in Figure 3. The parameters of the test
case are tabulated in Table 4. Reliability evaluation of PV
inverter is implemented on two cases
1. Reliability (Bio) evaluation of PV inverter considering

Mission Profile at India.
2. Reliability (Bio) evaluation of PV inverter considering
Mission Profile at Denmark.

Table 4. Proposed 3-KW grid connected PV inverter

Parameter Value
Technology Factor (A) 9.34E+14
Coefficient (81) -4.416
Coefficient (52) 1285
Coefficient (53) -0.463
Coefficient (£4) -0.716
Coefficient (f5) -0.761
Coefficient (8s) -0.5
Current per bond foot (/) 3-23A
Voltage class (V) 6-33V
Bond wire diameter 75-500 pm

Monte Carlo simulation is used to generate a population of
20000 samples with 5% variation. Lifetime for 20000 samples
are calculated and fitted in two parameter Weibull distribution
then reliability function is calculated at as follows [19, 20].

For component level reliability function is given as

t\Y
R(t) = e &) (5)
where, o is Scale Parameter (2.5 for IGBT)
vy is Shape Parameter (characteristic life at 63.2% of
population have failed)
For system level

Reoear® = | [ Re(®) ©)
i=1

where, R;(t) individual component reliability.

From the reliability function By lifetime i.e., the probability
to fail 10% of the population is calculated at both component
level and system level can be obtained [21].

parameters
Name Specification
PV panel model BP365
PV inverter rated power 3-kW
Grid voltage 230V
Grid frequency 50 Hz
Dc link capacitance 1.5e-3F
IGBT make Infineon
IGBT model IGW30N60H3
IGBT Voltage rating 600 V
IGBT Current rating 30 A
IGBT min Tj 25°C
IGBT max T; 175°C

3.1 Reliability (B1o) evaluation considering mission profile
at India

3.1.1 Real time mission profile data

The real time mission profile data i.e., solar irradiance and
ambient temperature logs for one year (one min sample) at
BVRIT Narsapur, India from 2018 September to 2019 August
as shown in Figure 7. CMP11 Pyranometer from Kipp &
Zonen manufacturer is used to measure solar irradiance as
shown in Figure 4, RTD device from Kipp & Zonen
manufacturer is used to measure ambient temperature as
shown in Figure 5, CR3000 data logger from Campbell
Manufacturer is used to log mission profile shown in Figure 6.
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Figure 3. 1-¢ 3-kW grid connected PV system

Figure 4. Pyranometer
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Figure 5. RTD device
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Figure 6. CR3000 data logger
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Figure 7. Yearly mission profile at India a) Solar irradiance,
b) Ambient temperature

The maximum ambient temperature at India is recorded
from March to June similarly low ambient temperature at India
is recorded from November to February. Solar irradiance and
ambient temperature is continuously varying all over the year.

3.1.2 Calculation of junction temperature

The junction temperature corresponds to the yearly mission
profile is calculated using the foster electro thermal model of
IGBT shown in Figure 8.
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Figure 8. Yearly junction temperature at India
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The maximum junction temperature recorded at India is
103.88°C. Similarly, the minimum junction temperature
recorded at India is 11.41°C. The above calculate junction
temperature of IGBT clearly shows that it is varying rapidly in
the form of cycles.

3.1.3 Rainflow counting algorithm
The junction temperature variations at India are analysed

using rainflow counting algorithm.
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Figure 9. Rainflow matrix indian location

The junction temperature variations i.e., No.of Cycles n;,
Mean Junction Temperature Tjm, Cycle Amplitude AT are
plotted in Figure 9.

3.1.4 Monte Carlo simulation and B lifetime

With the help of Monte Carlo simulation population size of
20000 is generated and the lifetime at each sample is
calculated with 5% variation using Eq. (2). The 20000
population is fitted with Weibull distribution and is shown in
Figure 10.

The Bjo lifetime of PV inverter at India with both
component level and system level is calculated using Eq. (5)
and Eq. (6) shown in Figure 11.

The By lifetime at the Indian location at the component
level is 47 years whereas at the system level is 27 years. In this
paper full bridge i.e., four IGBT are considered hence system
level reliability is reduced to 27 years.
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Figure 10. Lifetime distribution
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3.2 Reliability (B10) evaluation considering mission profile
at Denmark

3.2.1 Real time mission profile data

The real time mission profile data i.e., solar irradiance and
ambient temperature logs for one-year (one min sample) form
[11] at Alborg, Denmark from 2018 September to 2019
August shown in Figure 12.
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Figure 12. Yearly mission profile at Denmark a) Solar
irradiance, b) Ambient temperature

The maximum ambient temperature at Denmark is recorded
from May to August similarly low ambient temperature at
Denmark is recorded from November to February. Solar
irradiance and ambient temperature is continuously varying all
over the year.

3.2.2 Calculation of junction temperature

The junction temperature corresponds to the yearly mission
profile is calculated using the foster electro thermal model of
IGBT shown in Figure 13.
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Figure 13. Yearly junction temperature at Denmark

The maximum junction temperature recorded at Denmark is
96.37°C. Similarly, the minimum junction temperature
recorded at Denmark is -3.13°C. The above calculate junction
temperature of IGBT clearly shows that it is varying rapidly in
the form of cycles.

3.2.3 Rainflow counting algorithm
The junction temperature variations at Denmark are
analysed using rainflow counting algorithm.
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Figure 14. Rainflow matrix denmark location
The junction temperature variations i.e., No.of Cycles n;,
Mean Junction Temperature Tjm, Cycle Amplitude AT are
plotted in Figure 14.

3.2.4 Monte Carlo simulation and By lifetime
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With the help of Monte Carlo simulation population size of
20000 is generated and the lifetime at each sample is
calculated with 5% variation using Eq. (2). The 20000
population are fitted with Weibull distribution and shown in
Figure 15.

The Bjo lifetime of PV inverter at Denmark with both
component level and system level is calculated using Eq. (5)
and Eq. (6) shown in Figure 16.

The By lifetime at Denmark location at the component level
is 93 years whereas at the system level is 53 years. In this paper
full bridge i.e., four IGBT are considered hence system level
reliability is reduced to 27 years.
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Figure 17. B lifetime comparison chart
3.3 By lifetime comparison

India and Denmark are two different climatic zones. In India,
the highest ambient temperature and solar irradiance are
recorded from March to June and the overall mean junction
temperature at the Indian location is 55.66°C. In Denmark
highest ambient temperature and solar irradiance are recorded
from June to July and the overall mean junction temperature
at the Denmark location is 16.37°C. The mean temperature
difference between both locations is 39.29°C and this leads to
the variation in reliability performance. The Bjo lifetime
recorded at India where climatic conditions are relatively hot
is 47 years (Component Level) and 27 years (System Level).
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Similarly, By lifetime recorded at Denmark where climatic
conditions are relatively cold is 93 years (Component Level)
and 53 years (System Level). By lifetime comparison bar chart
is shown in Figure 17. This scenario clearly shows that Big
lifetime varies with respect to the geographical locations and
environmental conditions.

4. CONCLUSION

This paper presents the impact of solar irradiance and
ambient temperature on PV inverter reliability considering
geographical locations. In this paper reliability performance of
PV inverter is evaluated at both component level and system
level. Environmental factors like solar irradiance, ambient
temperature, geographical locations are considered during the
reliability evaluation. Real time mission profile data of one-
year logs at India (Relatively hot climate) and Denmark
(Relatively cold climate). Foster electro thermal model is
implemented in PLECS for the calculation of junction
temperature. Junction temperature variations of IGBT are
analyzed using rainflow counting algorithm. Monte Carlo
simulation is used to generate a population of 20000 and fitted
with Weibull distribution. From the reliability function of
Weibull distribution B lifetime is calculated at both India and
Denmark. The results reveal that By lifetime calculated at
India i.e. hot climate condition is less than the Bio lifetime
calculated at Denmark i.e. cold climate condition. This paper
concludes that Bjo lifetime varies with respect to the
geographical locations and environmental conditions.
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