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1. Introduction

The usage of power electronic devices in various ap-

plications has been increased significantly in recent years.

Consequently, a number of papers has been dedicated re-

cently to investigate the reliability of these devices [1-4].

In modern electrical grid, power electronic systems are

considered as a vital part of the system. As an example,

bidirectional DC-DC converters (BDC) play a major role

in new plug-in electrical vehicles and their interaction

with the electrical grid. Figure 1 shows a schematic of this

interaction. 

Due to the variable structure of power electronic con-

verters, the analysis of their reliability is complicated in

many cases.  In [5, 6], DC-AC inverter reliability in elec-

trical vehicles, particularly inverter part of the photo-

voltaic module has been studied. However, the mentioned

inverter is not fault-tolerable. Markov modeling has been

utilized in [7] to model the reliability of a fault tolerant

active filter. In several papers, different topologies and

control methods have been developed for DC-AC invert-

ers and DC-DC converters, claiming that their proposed

topology is superior in terms of reliability. Nevertheless,

the reliability has not been quantitatively discussed. For

instance in [8], a control method is proposed to improve

the reliability of a matrix converter or in [9], an adaptive

control method is introduced, which aims to boost the per-

formance and the reliability of wind-turbine converters.
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Fig. 1. Simple schematic of a DC grid in Smart Grid
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Nevertheless, in both papers, quantitative reliability in-

dices are not considered. The first step to compare the re-

liability of a circuit with the previous works is to

determine numerical indices for that. Nonetheless, a few

papers have evaluated them. 

Some papers have investigated uni-directional DC-DC

converters reliability.  In [10], a comparison has been

made between reliability of basic unidirectional DC-DC

converters in photovoltaic applications. Reference [11]

has compared a boost, buck-boost, back-to-back and ma-

trix converter, to find the most reliable one in wind energy

conversion system. In both of these references, the con-

verters were uni-directional. 

One of the most important types of dc-dc converters,

which is used in a variety of applications, is the inter-

leaved converter. The advantages of these converters have

been studied in different papers [12-15]. Although the cur-

rent split between different legs increases the lifetime of

the devices, the drawback is that increasing number of

parts in converter may result in decreasing its overall re-

liability. Hence, in applications in which the reliability is

the first priority, the converter is designed to be fault tol-

erable in order to increase the reliability.

In [16], a three-leg unidirectional interleaved DC-DC

converter of a PV module is studied in terms of reliability.

Nevertheless, the effect of sensors and inductors and the

photovoltaic cells is not considered in reliability calcula-

tions of the system. In [17], a photovoltaic module is stud-

ied, considering the effect of failure rate of the sensors

and photovoltaic cells on reliability. In [18], the reliability

indices of a unidirectional two-leg interleaved photo-

voltaic converter are discussed. In the two latter men-

tioned papers, the converter is not fault-tolerable and

therefore reliability calculations are based on the assump-

tion that all elements are in series. In [19], reliability eval-

uation of a boost interleaved converter is studied

considering temperature effect. The environment effect

on converter lifetime, economic aspects and its lifetime

expectation were not discussed.

In all of these cases the converters were uni-directional.

One important sort of converter is the bidirectional one,

which is widely used in plug-in electric vehicles, smart

homes, DC grids, aircrafts, and satellite power supplies.

In the applications in which reliability is of high priority,

these converters should be highly fault-tolerant. A relia-

bility model is needed to be developed to evaluate the ef-

fective lifetime of these converters. Fault tolerant BDCs

have rarely been investigated from the reliability point of

view up to now, to the best of our knowledge. Since these

converters have multi-state structures, Markov method

could be used to model mean time to failure (MTTF) of

these converters. This modeling allows the designers to

consider reliability and MTTF of these converters as a

technical factor. Since in vehicle and military applications

the lifetime and reliability are of highest concerns, using

these factors could affect significantly the design proce-

dure and number of elements used. This paper aims to

propose an approach to model the reliability of BDCs es-

pecially the fault-tolerant interleaved ones. Furthermore,

the MTTF of the converters is derived, based on the de-

veloped model. The present paper is organized as follows:

In section 2, basic definitions are given and required in-

dices are presented. Markov process and the proposed

model of the BDC based on this process are expressed,

and the circuit part of the system and its different topolo-

gies (based on switches) are introduced. Then the system

is modeled from the reliability point of view using

Markov process method in section 3. The reliability model

derived in Section 3 is applied in section 4 to a 27kW

fault-tolerant BDC and the simulation results, economic

aspects and comparisons are discussed.

2. Method

2. 1. Stochastic Reliability Modeling

This sub-section provides the reader with the mathe-

matics of stochastic reliability modeling. Reliability is the

probability of a device performing its purpose adequately

for the intended period of time under the operating con-

ditions encountered [20]. Reliability function R(t) denotes

the probability of proper functioning of the system in time

interval [0, t], which should cover the warranty period that

companies offer to customers [21].

The most important numerical indices to evaluate the

reliability of power electronic equipment are: reliability

function, failure rate, MTTF, and availability of the sys-

tem. The reliability function can be represented as in (1)

[1, 20-22]:

(1)

where "λ" denotes system (or component) failure rate.

MTTF is the expected time of proper functioning of the

system before failure occurrence. This index which plays

a key role in this study is defined as (2) [1, 20-22]

(2)

Substituting (1) in (2) yields the below equation: 

(3)

A system is described by its different states, and the

transition between these states. A state diagram, known

as “Markov Diagram”, is a way to show all of the possible
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sates and transitions between them. The state transition of

a Markov diagram can be formulated as equation (4) [1,

20-22]: 

(4) 

where P(t) and A are the probability of system being in a

specific state as a function of time “t” and transition rate

between states matrices respectively. P' (t) is the deriva-

tive of the probabilities vector with respect to “t”. Solving

this matrix equation, one can calculate the probability of

being in a specific state, as a function of the time “t”.

However, in this paper, only the limiting state or steady-

state probabilities are of interest, which can easily be cal-

culated by the following method [20-22]. 

First, stochastic transition probability matrix (STPM),

which is an n×n matrix, is defined as below (n is the num-

ber of the states) [20, 22].

(5)

where "In " is n×n Identity matrix. This matrix presents

the probabilities of making a transition from one state of

the system to another. A method based on truncated prob-

ability matrix Q is used to calculate the MTTF of the sys-

tem. For doing so, Q is calculated by removing the

column and the row corresponding to the failure state –

that is considered as an absorbing state– in STPM matrix.

The matrix Q is determines the average time, i.e., MTTF,

that would elapse before the system entered the failure

state. Then, “M” which is an (n-1)×(n-1) matrix is calcu-

lated from the following equation: 

(6)

Considering the state 1 as the starting state of the sys-

tem, the MTTF of the system could be calculated by: (7)

[20, 22]:

(7)

The given mathematics in the sub-section is used for

the reliability assessment in this paper.

2. 2. Reliability Assessment Methodology

Figure 2 shows a flowchart of the reliability assessment

method. In this flowchart, bidirectional converters are cat-

egorized as fault tolerant and non-fault tolerant convert-

ers. In this paper, the main focus is on fault-tolerant con-

verters. These converters have more operational states,

since after fault, the switching configuration and conse-

quently the topology will be changed. The proposed ap-

proach is also applicable to non-fault-tolerant converters. 

3. Case Study and System Modeling 

3. 1. Circuit Description

The application of interleaved bidirectional DC-DC

converters (IBDC) in electrical vehicles has been studied

in the literature, [23, 24]. However, the investigation of

reliability of these converters and comparison of this fea-

ture for modern and conventional converters have not

been studied in-depth before. The structure used in this

paper is depicted in figure 3.

This converter is a fault-tolerant three-leg IBDC. One

of the most vulnerable parts of a converter is the capacitor

used in DC links [6, 21]. In highly reliable applications,

the design is often based on redundancy; therefore, in this

converter, two parallel capacitors are used in the output.

Failure of one capacitor leads to a lower “capacity” which

means higher voltage fluctuations. These fluctuations

 

 

  

 

 

 
Fig. 2. Flowchart of the reliability assessment methodology.
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cause a change in failure rate of the remaining capacitor,

which should be considered in calculations. Failure of a

device in one leg causes removal of that leg, and the sys-

tem provides the required power through remaining

healthy legs. The assumption is that high reliability is a

requirement, and consequently the system is designed in

a way that the other legs can bear the total power. It should

be noted that the design of the system and selection of the

elements depends on the application for which the system

is used. If the objective is to reduce the sizes of the ele-

ments, and the converter does not possess the fault toler-

ance feature, then failure of one leg means the failure of

the system, because remaining legs could not tolerate and

handle the whole power flow. In these applications, from

the reliability point of view, all elements are in series, and

the reliability is calculated from (8): 

(8)

where “n” is the number of elements. However, in high-

reliability applications, like military applications or very

important load centers, the elements should be selected in

a way that failure of one leg causes the system to change

its topology so that it could transmit the required power.

Therefore, all elements could not be modeled in series,

and a more sophisticated model is necessary. 

In PHEVs, when the motor is in the acceleration mode,

the power is transmitted from the battery to the motor. In

this case, lower part switches will play the role in power

transmission and the upper part switches are off. The re-

sult will be a “Boost Interleaved Converter” depicted in

figure 4. In the braking mode, the power flow direction is

reversed and the upper part switches are ON, and the re-

sultant is a “Buck Interleaved Converter” shown in figure

5. Two mentioned topologies will be analyzed separately. 

Correct operation of the whole system requires both

topologies to be operated properly. Hence, from the reli-

ability point of view, they could be considered in series

to model the reliability of whole system, as shown in fig-

ure 6. 

In high-voltage applications, utilization of IGBT

switches is more common, because of its lower conduc-

tion voltage drop. Nevertheless, the failure rate of these

kinds of switches is not mentioned in MIL-HDBK-217F

[25] and [26], which are of the major literature in this

field. In some papers, the existing information of MOS-

FET switches has been used to estimate the failure rate of

IGBTs [27]. However, in this paper, a different approach

 

 

 

Fig. 3. Fault-tolerant bidirectional three-leg (phase) interleaved DC-DC converter

 

 

Fig. 4.  Boost mode - supplying the motor from battery 

(acceleration mode)
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is employed. Since an IGBT could be modeled as a MOS-

FET switch connected to a PNP BJT transistor [28], the

proper functioning of the IGBT depends on the correct

behavior of these two devices. Therefore, to calculate the

reliability of an IGBT, these two items could be consid-

ered in series, which means the failure rate of an IGBT

equals sum of the failure rate of the MOSFT switch and

the BJT transistor as shown in (9,10) [20, 29].

(9)

(10)

Two kinds of sensors, i.e., voltage sensor and current

sensor, are used in the converter, and failure of them

causes the control part of the system to operate incor-

rectly, which leads to the failure of the system. Besides,

upper switches are packaged with an optocoupler, and

their failure rate should be considered as well. 

3. 2. Parts Failure Rates Calculation

In MIL-HDBK-217F [25] and [26], the failure rates of

the elements are given according to a base value (λ_b) and

some correction factors (π_x). These values are used in

this paper to calculate the transition rate matrix and then

MTTF of the system.  

The failure rates of elements of the converter are given

in (11)-(17) [25, 26]:

(11)

(12)

(13)

(14)

(15)

(16)

(17)

Table 1 shows the base values of failure rates and some

correction factors. The definitions and formulations of the

correction factors are given in [25, 26]. Base values are

constant, however, some correction factors, .e.g., voltage

stress and temperature, are needed to be changed accord-

ing to the environment, operation condition, etc. When

circuit topology are altered, these factors are recalculated

based on the current, voltage ripple and temperature. As

 

 

  

 

 

 

 

 

 

 

 
Fig. 5.  Buck mode - charging the battery 

(braking mode)

 

 

Fig. 6. The model of the whole system from the reliability point of view
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a result, failure rate of the element in the new circuit con-

dition could be obtained. 

The temperature of the junction (Tj) is a function of

dissipated power in elements (PS), case thermal resistance

(Rth) and ambient temperature (Ta). It is calculated based

on (18): 

(18)

Neglecting the leakage current of switching devices in

off state, Ps can be obtained for each semiconductor de-

vice as follows:

(19)

where Ron and ion are the conducting-state resistance and

conducted current of the element respectively and Voff is

the reverse voltage drop. 

3. 3. System Markov Modeling

The Markov method is used here to model the reliabil-

ity of the system. Two different topologies, i.e., buck dur-

ing charging the battery and boost during supplying the

motor are used and analyzed separately and then they are

considered in series to derive the reliability indices of the

whole system, as shown in figure 6. 

3. 3. 1. Modeling the Positive Acceleration State

(Boost)

In the first topology, i.e., boost topology (figure 4), the

system consists of 6 operation states and one failure state.

The Markov diagram of this topology is shown in figure

7. Any failure in the switches, diodes and inductors causes

the loss of one leg; therefore, the direction of state transi-

tion will be from left to right. In this case, loss of any leg,

changes the current of the remaining legs, which alters

their failure rate.  On the other hand, failure of any capac-

itor in high-voltage side, leads to a transition state from

up to down. Loss of an output capacitor results in an in-

crease in voltage ripple of the remaining capacitor, and its

failure rate will increase. It means that some of the cor-

rection factors cannot be considered constant and should

be calculated repeatedly during calculation process. As an

example, failure rate of the elements in state 2 is different

compared to their failure rates in state 1. The discrepancy

between these rates, which could be calculated according

to the simulation and voltage ripple, elements power, etc.,

is considered in the reliability calculations and MTTF.  As

mentioned before, the failure of every sensor means the

failure of the system, i.e., transition to state 7. The state

transition equations are coming hereafter.

(20)

 

 
 

 

Q E (GM)  Circuit elements 

5.5 9 0.025 Diode 
5.5 9 0.012 MOSFET 
5.5 9 0.00074 BJT 
3 20 0.00012 Capacitor 

5.5 8 0.013 Opto-isolator 
3 16 0.0037 Rsense 
3 12 0.00003 Inductor 

  
 

 

Table 1. The circuit elements base failure rates, environment factors, and quality factors considered in this study

 

Fig. 7. Markov model of the boost mode

 

 
 

Fig. 8. Markov model of the buck mode



Iranian Journal of Electrical & Electronic Engineering, Vol. 12, No. 4, December 2016 307

(21)

where “λxn” shows the failure rate of element “x” after

loss of “n” legs. For example, “λD2” represents the failure

rate of diode D, when two legs are out. Note that the effect

of increase of conducting current is considered in this cal-

culation. Moreover, “αij” represents the state transition

from state “i” to state “j”. 

(22)

(23)

(24)

(25)

(26)

(27)

where “λCuv” corresponds to the failure rate of a capacitor

after loss of “u” legs and “v” capacitors.

(28)

(29)

3. 3. 2. Charging Mode Modeling (Buck)

The topology of the circuit during battery charging is

shown in figure 4. In this mode, all of three legs transmit

the power, but only one capacitor is connected to LV part,

which means there will be no vertical transition in the

state diagram. The Markov diagram is depicted in figure

8. The equations of all state transitions could be written

in a same way of boost mode. 

4. Numerical results and discussions

4. 1. Simulation Results

To calculate failure rates and MTTF numerically and

to verify the analysis, a three-leg fault-tolerant IBDC have

been simulated in MATLAB Simulink. The components

which are available in Simulink library are used to simu-

late the elements, and data mentioned in datasheets, i.e.,

nominal and parasitic values, are entered as the element

rated values. The design parameters of the system, i.e.,

input and output voltage, nominal power and switching

frequency, are based on the real data of Toyota PRIUS

2010 hybrid electrical vehicle [30]. The specifications and

parameters used for the simulation are given in Table 2.

Two modes of operation i.e., boost mode and buck

mode are simulated separately. The simulation has been

done for different kinds of failures in different states of

operation. For each of them, the failure rates of all ele-

ments are calculated according to equations (11-17), con-

ditions of the simulated circuit and its elements voltage,

current, and power equations. Figure 9 shows simulated

output voltage of the converter in boost mode, after and

before occurrence of fault due to loss of one capacitor.

 

 

 

 

 

 

 

 

 

 
Parameter Value/Part number 

Self-inductance 0.8 mH 
Mutual inductance 0.7 mH 
Winding resistance of each phase  
Capacitor HV 
Capacitor LV 
Battery (Fully charged) 201 V 
Vdc 650 V 
Forward voltage drop of diode 1.8V 
Switching frequency 25 kHz 
Nominal power 27 kW 
HV capacitor voltage rating 800V 
LV capacitor voltage rating 250V 
IGBT  2MBI150U4A-120 
Diode junction-case thermal resistance 0.28°C/W 
IGBT junction-case thermal resistance 0.17°C/W 

  

Table 2. Specification and parameters of the model
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The results have been summarized in Tables 3 and 4 for

boost and buck mode, respectively. Then, from equations

(20-29) and same equations for buck mode, Markov dia-

gram transition rates, i.e., αij, will be obtained. Based on

these rates, MTTF of the buck and boost mode could be

found separately by using equation (7). With MTTF cal-

culated, the failure rates of two modes of operation will

be calculated from (3), and by using (9), equation (30)

could be derived for calculating the failure rate of the

whole system:

(30)

Finally, the MTTF of the total system is calculated ac-

cording to (3).

In calculation of failure rates, the biggest among the

correction factors is the Environment factor which plays

the most important role. Figure 10 shows the MTTF For

different environments. As shown, the difference between

lab condition, i.e., “GB” and mobile condition causes a

significant difference between their MTTFs. In some pa-

pers, such as [16], it is assumed that the environment is

stable, clean, and fixed e.g., the lab environment. There-

fore the Environment factor is taken equal to 1. However,

for PHEV application, the vehicle is often used in differ-

ent conditions, and according to [25], Environment factor

 

 
Fig. 9. Output voltage of the converter in boost mode before and after one output capacitor failure

 
  

Failure mode 0 1 2 
Diode 1.43884 1.71518 3.14449 
IGBT 11.54521 13.15042 15.45206 

Capacitor 0.10213 0.10235 0.10297 
Inductor 0.00119 0.00124 0.00130 
Sensor 0. 03321 0.03472 0.03623 

Optocoupler 0.68640 0.68640 0.68640 
 

Table 4. Calculation and simulation results for the failure of circuit elements in “Buck” mode

 
  for Other components 

  for Capacitor  

Failure mode 0 1 2 00 10 20 01 11 21 
Diode 1.14345 1.33403 2.38219  IGBT 9.2233 10.1761 18.5044 
Capacitor  0.1066 0.1082 0.1161 0.1080 0.1149 0.1225 
Inductor 0.00119 0.00124 0.0013  Sensor 0.03321 0.03472 0.0362 

  

Table 3. Calculation and simulation results for the failure rate of circuit elements in “Boost” mode
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should be considered “GM” (Ground, mobile) [25], thus

simulating a more realistic environment. In this case, for

each element, Environment factor will be selected from

Table 1. It is observed that the failure rate of the circuit

elements is bigger compared to the “GB”. Besides, as

could be seen in figure 10, the difference between these

rates in “GB” environment and “GM” environment causes

a significant difference in MTTF, i.e., up to nine times.

Also the figure shows that if the converter is used in fixed-

location applications with normal maintenance (GF), e.g.,

energy part of smart homes, the converter will be expected

to last about 43% longer than when it is used in a PHEV.

For the calculated MTTF, the assumption is that the auto-

mobile (and consequently the converter) is used continu-

ously. However, in reality, the automobiles are used much

less frequently and therefore their lifetime will be higher

than the given results.

4. 2. Sensitivity Analysis

4. 2. 1. Capacitor Value Analysis

As mentioned before, one of the most important ad-

vantages of reliability assessment for converters is includ-

ing technical constraints into the design and selection of

circuit elements. The new constraints optimize the system

from both performance and reliability point of view. To

clarify the issue, an example is given here.

Selecting an appropriate value for the high-voltage ca-

pacitors is an important part of the design. Neglecting out-

put capacitors equivalent series resistance (ESR), one can

obtain the following equation for the output voltage ripple

in boosting mode:

(31) 

0
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Fig. 10. Effect of operation environment on MTTF; “GB” = Ground, Benign; “GF”= Ground, Fixed; “GM”=Ground, Mobile;

“NU”= Naval, Unsheltered; and “NS”= Naval, Sheltered.

 

Fig. 11. Effect of output capacitors value and arrangement on the MTTF of the converter
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where "D" and "fs" are switch duty cycle and switching

frequency, respectively. According to (31), to reduce out-

put voltage ripple, thus increasing the life time of the ca-

pacitors by reducing πv in (12), the capacitance should be

increased. On the other hand, increasing the capacitance

itself reduces the life time via increasing πC coefficient.

Therefore, a compromise should be made between voltage

ripple and reliability of the system.

Figure 11 shows the value of final MTTF of the system

based on different high-voltage capacitor values. As it

could be seen, the MTTF curves have a maximum values

and after that, they begin to decrease. Another important

point is that increasing the number of paralleled capacitors

results in an increase in MTTF. Therefore, the best ap-

proach to obtain a desired voltage ripple is to increase the

capacitance through paralleling capacitors. It causes not

only a rise in MTTF, but also reduction in ESR and losses

of the converter. 

4. 2. 2. Redundancy Analysis

Dependence of the MTTF to the number of capacitors

and other circuit elements redundancy is not linear. To in-

vestigate this issue, a comparison has been made between

single-leg (conventional) to five-leg interleaved DC-DC

converters with similar parameters in terms of MTTF. Be-

sides, in order to include economic aspects, the authors

utilize an index called “cost factor”, which is introduced

by [31, 32] as: 

(32)

This is a normalized index for cost comparison be-

tween fault-tolerant interleaved topologies. Table 5 sum-

marizes cost weightings used for CF calculation. 

Results are discussed in table 6 and figure 12. Note that

the curve points for six and seven legs converters are ex-

trapolated, and are shown by dashed lines. All MTTFs are

normalized based on MTTF of conventional dc-dc con-

verter. As it could be seen, the MTTF of five-leg inter-

leaved converter is about 3.165 times bigger compared to

the conventional converter. As said before, redundancy in

legs does not linearly increase MTTF, i.e., higher number

of legs leads to a slower rate of MTTF increment. It could

be seen that as the number of legs rises, the cost (CF) in-

creases almost linearly, but the MTTF increment rate re-

duces. It leads to the divergence of the two curves when

the number of legs is relatively high. When the number

of legs is too high, the amount of life time increment made

by adding one more leg is not justifiable in terms of price.

Therefore a compromise between the number of legs and

the production cost should be made. Nevertheless, in ap-

plications where high reliability is needed, it is justifiable.

It should be noted that for two and three-leg converters,

the normalized cost and MTTF are close, which makes

them good candidate for typical applications.

 

 
components k 
Capacitor (input) 1.5 
Capacitor (Output) 1.5 
Inductor 3 
Gate drive 0.3 
IGBT 2 

Table 5. Cost weighting coefficients [32]

0
0.5
1

1.5
2

2.5
3

3.5
4

4.5
5

1 2 3 4 5 6 7
Number Of legs

C.F N.MTTF CF/MTTF CF N.MTTF

Fig. 12. Effect of leg increase in cost and MTTF of the DC-DC converter
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4. 2. 3. Temperature Effect Analysis

In the results presented before, the assumption was that

the ambient temperature is 25℃; however, in reality, it

could be higher. The ambient temperature affects the junc-

tion temperature based on equation (18) and the failure

rate of the elements through πT. It means that a change in

the temperature could change the MTTF of the whole sys-

tem. Hence, studying this effect on the converter lifetime

is necessary. To do so, the ambient temperature will be

raised from a small positive value up to 60℃, and the sim-

ulation will run for each temperature rise step, and MTTF

for each temperature step will be calculated. The results

are shown in figure 13. It is observed that MTTF of a con-

verter working in ambient temperature of 50℃ will be

0.66 times compared to a converter working in ambient

temperature of 25℃. Hence, existence of a proper cooling

system e.g. liquid-cooling system is necessary in hot tem-

peratures.

5. Conclusion

In this paper, a fault-tolerant IBDC was studied in

terms of its reliability using a stochastic Markovian ap-

proach. Studying the reliability indices helps PHEV man-

ufacturers to have a more accurate estimation about

warranty period they can offer to the customers. The con-

verter was modeled by the Makov-process and then the

MTTF index was calculated. The proposed method could

be generalized so that the number of legs and input and

output capacitors could be an arbitrary number. Two to

five-leg interleaved and conventional converters were

compared, then it was observed that rising the number of

leg redundancies increases the reliability of the system

such that the lifetime of five-leg systems was 3.165 times

compared to conventional converters. However, the in-

crement is not linear and the rate of increment of MTTF

reduces as the number of legs increases, i.e., showing a

saturation behavior. To investigate the economic aspects

of leg increment in BDCs, a factor named "Cost factor"

was used. It was concluded that the increase in the number

of legs would result in the divergence of MTTF and cost

factor curves. In other words, the rate of increase is not

the same in these two curves.  The effect of reliability con-

strains on the converter design and element values was

also investigated. Environment and temperature effects

on MTTF were studied and it was seen that an increase in

temperature results in the reduction of lifetime of the con-

verter. As an example, the lifetime of a converter working

in ambient temperature of 50℃, will be 0.66 times of a

 
Number of legs 1-leg 2-leg 3-leg 4-leg 5-leg 
Buck mode MTTF 5.8664 9.4839 12.2168 14.37 16.2334 
Boost mode MTTF 5.4146 10.372 14.0116 17.2433 19.76 
Whole system MTTF 2.8157 4.9540 6.5264 7.8380 8.9119 
Normalized MTTF* 1 1.7594 2.3179 2.7837 3.1651 

*Normalized MTTF= (Whole system MTTF)/ (1-leg converter MTTF) 
 

Table 6. Summarized results of CF and MTTF

 

 

Fig. 13. Effect of operation temperature on converter MTTF
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converter working in ambient temperature of 25℃. The

proposed method is promising and could be used for mod-

eling any IBDCs with any number of legs in Smart Grid. 
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