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ABSTRACT 
Thermal factors contributing to the ageing of Insulated Gate Bipolar Transistor (IGBT) inverters were investigat-

ed, with special reference to temperature variation as the main source of degradation of the electrical insulations 

and material layers.  The inverter configuration was analysed in order to predict the lifetime based on thermal age-

ing.  Therefore, a lifetime prediction model based on NSGA-II algorithm was implemented to identify optimal 

design condition as a compromise between the average temperature and total mass of the inverter.  The option of 

either choosing design configuration according to using the device during the entire lifetime or half of the lifetime 

of the solar panel was the major decision.  The research findings would contribute to better adaptation of IGBT 

inverter-solar panel for grid electricity connectivity in relation to the replacement of the invertor once over the 

lifetime of the panel. 
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1. INTRODUCTION

To obtain alternating voltage from dire-

ct voltage produced by a solar panel requires 

three phase inverter, consisting of Insulated Ga-

te Bipolar Transistor (IGBT) module and diode 

chips.  The IGBT modules are complex in desi-

gn, but are made of different materials which 

provide good mechanical stability, electrical in-

sulation and thermal conductivity [1].  

IGBT inverters connected to PV panels 

fail after operating for a relatively short time 

and have to be replaced, due to thermal ageing 

of the different components at high temperatur-

es.  Several factors including electrical, mecha-

nical and thermal effects cause the thermal 

ageing, and the high operating temperatures and 

large variations induce failure of the device [2]. 

Photovoltaic inverters operate at 350 - 750 V 

under continuously varying solar irradiation. 

In this paper, an optimal system design 

analysis to find most efficient configuration of 

the IGBT inverter for solar PV-Grid electricity 

connectivity based on thermal ageing of the dif-

ferent material layers is presented.  From the 

average operating temperature of the IGBT ch-

ip, a lifetime prediction model was developed 

considering the inter-relationships between the 

various design variables. 

2. GEOMETRICAL CONFIGURATION

OF IGBT MODULE 

The IGBT inverter consisted of six (6) 

IGBT modules shown in Fig. 1, where the pow- 

wer interrupters (S1-S6) are made of IGBT chi-

ps and free wheel diodes, Vcc is a continuous 

voltage, 0 is fictive point, and a, b, and c repre-

sent three phases of the inverter.  Each module 

is made of both IGBT chips and diode chips [3]. 

Fig. 1. Electronic circuit of the constructed three 

phase inverter [4] 

Figure 2 shows top view of the inverter 

arm, where ci is side of IGBT chip, cd is side of 

diode chip, ℓcu,i is width of metallized substrate, 

ℓbr,d is width of solder under diode, ℓbr,i is width 

of solder under IGBT, Lbr,d is length of solder 

on the side of diode, Lbr,I is length of solder on 

the side of IGBT, ℓsb is width of the sole and 

casing, and Lsem is length of the sole and casing. 

Fig. 2. Top view of an inverter arm [2] 
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Table 1. Module material properties [1, 7, 8] 

Layer 

Materials 

Coefficient of thermal 

expansion (ppm/°C) 

Density 

(g/cm3) 

Thermal conductivity λ 

(W/(m K)) 

Aℓ 22 2.7 237 

AℓSiC 8 3 150 

AℓN 4 3.26 170 

Cu 17 8.96 401 

Si 3 2.33 148 

Sn(96.5)Ag(3.5) 20.2-22.9 7.30(Sn) 10.5(Ag) 53 

Fig. 3. Different material layers of IGBT module 

As shown in Fig. 3, the silicon diode 

and IGBT chips were soldered on a direct bond-

ed copper (DBC) on each side of aluminum nit-

ride (AℓN) substratum [3].  The AℓN substrate 

used for the IGBT module investigated offered 

high thermal conductivity [5, 6].  The substrate 

was brazed to a sole made of AℓSiC.  The solde-

rs used were tin-silver alloy (SnAg).  The conn-

ections between the chips and the copper tracks 

of the DBC were provided by aluminum bond-

ing wires, i.e. welded ultrasound aluminum wir-

es on aluminum metallization chips. 

Figure 3 illustrates the different materi-

al layers of IGBT module.  The values of coeffi-

cient of thermal expansion, density and thermal 

conductivity of IGBT layer materials are listed 

in Table 1. 

3. THERMAL MODEL OF IGBT

MODULE 

The characteristics of thermal ageing 

were examined by analysing a thermal model of 

the IGBT module to obtain the operational data 

of the device.  The thermal flux generated in the 

module passed through the semiconductor junc-

tions and the housing before finally being trans-

ferred to the ambient environment.  Heating of 

the module was quickly dissipated as the therm-

al resistivity of the different layers was low. 

3.1. Thermal Resistance 

By identifying different sections of the 

module exposed to thermal fluxes, the corresp-

onding thermal circuit adopted for the thermal 

resistances is shown in Fig. 4 [3], neglecting 

convective thermal resistance to ambient air. 

The IGBT module had no external or internal 

cooling systems, except natural convection via 

ambient air. 

Fig. 4. Thermal resistance model of IGBT inverter 

3] 

In Fig. 4, Δθi and Δθd are the respective 

temperatures at the IGBT and diode junction, 

such that the average temperature of the invert-

er was 

𝜃𝑎𝑣𝑔 =
1

2
(∆𝜃𝑖 + ∆𝜃𝑑)      (1) 

Also PT is the total losses of IBGT, PD is total 

losses of diode, and Ptr is parasitic losses of lead 

resistance (measured in W as power loss). 

The thermal resistances (°C/W) of IG 

BT die and solder (Rj,bI), diode die and solder 

(Rj,bD), case and high solder (RdbI = RdbD), and 

radiator (Rd,ar), were respectively expressed by 

the equations [3]; 

𝑅𝑗,𝑏𝐼 =
𝐸𝑏𝑟

𝑙𝑏𝑟,𝑖𝑙𝑏𝑟𝜆𝑏𝑟
+

𝐸𝑑𝑖𝑒

𝜆𝑠𝑖𝑙𝑐𝑑
2      (2) 

𝑅𝑗,𝑏𝐷 =
𝐸𝑏𝑟

𝑙𝑏𝑟,𝑑𝑙𝑏𝑑𝜆𝑏𝑟
+

𝐸𝑑𝑖𝑒

𝜆𝑠𝑖𝑙𝑐𝑑
2      (3) 

𝑅𝑑𝑏𝐼 = 𝑅𝑑𝑏𝐷 =
2𝐸𝑐𝑢

𝑙𝑠𝑏𝑙𝑐𝑢𝜆𝑐𝑢
+

𝐸𝑠𝑜𝑙𝑑𝑒𝑟

𝑙𝑠𝑏𝑙𝑐𝑢𝜆𝑠𝑖𝑙
+

𝐸𝑠𝑒𝑚

𝑙𝑠𝑏𝐿𝑠𝑒𝑚𝜆𝐴𝑙𝑆𝑖𝐶
+

𝐸𝑠𝑢𝑏

𝑙𝑠𝑏𝑙𝑐𝑢𝜆𝐴𝑖𝑁
+

𝐸𝑐𝑎𝑠

𝑙𝑠𝑏𝐿𝑠𝑏𝜆𝑃𝐵𝑇
     (4) 

𝑅𝑑,𝑎 =
𝐸𝑟𝑎𝑑𝑖𝑎𝑡

𝑙𝑠𝑏𝐿𝑠𝑒𝑚𝜆𝑟𝑎𝑑𝑖𝑎𝑡
+

1

ℎ𝑎𝑖𝑟𝑙𝑠𝑏𝐿𝑠𝑒𝑚
     (5) 

where Ej is thickness of corresponding j layer, 

and hair is thermal convection coefficient of air. 

3.2. Calculation of Thermal Losses 

The thermal losses caused by switching 
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arm of a full bridge inverter formed by IGBT 

switches and anti-parallel diodes were calculat-

ed on the assumptions that the bus voltage was 

constant, output current of the inverter was sin-

usoidal, reference voltage was sinusoidal and 

not phase-shifted, but maintained constant over 

the switching period [3]. 

3.2.1. Conduction losses in IGBTs and 

diodes 

Conduction loss in an IGBT module 

rated as Ptcond was obtained by integrating the 

period of instantaneous power at the terminals.  

The model was simplified to maximize the loss-

es by using the voltage drop obtained at rated 

speed of VCEsat, which had advantage of avoid-

ing under-sizing of the losses through imprecise 

features.  The conduction losses in IGBT modu-

le were estimated as; 

𝑃𝑡𝑐𝑜𝑛𝑑 =
1

𝑇
∫ 𝑉𝐶𝐸𝑠𝑎𝑡𝑖𝑡(𝑡)𝑑𝑡

𝑇

0
     (6) 

where T is electrical period of the sinusoid curr-

ent i(t). For a bipolar sinusoidal modulation, the 

duty cycle was defined on basis that the modul-

ating signal phase, modulation depth, and phase 

difference between the voltage and current of 

the load, followed modulating wave form, 

𝑒(𝑡) = 𝑀𝑠𝑖𝑛(𝑡)         (7) 

where M is modulation rate,  If the triangular 

carrier frequency fp and the reference carrier 

frequency fo were such that fo < fp, then the duty 

cycle could be put in the form,  

𝛼(𝑡) =
𝜏ℎ

𝑇𝑝
≈

1

2
(1 + 2𝑀𝑠𝑖𝑛(𝜔𝑡 + 𝜑)      (8) 

where τh is period of time on (high output), 𝑇𝑝

is period of triangular carrier, and φ is phase 

difference. 

For a sinusoidal phase current, the con-

duction loss in the IGBT was expressed as, 

𝑃𝑡𝑐𝑜𝑛𝑑 =
1

𝑇
∫ 𝛼(𝑡)𝑉𝐶𝐸𝑠0𝐼𝑚𝑎𝑥𝑠𝑖𝑛(𝜔𝑡 − 𝜑)𝑑𝑡

𝑇

0

+
1

𝑇
∫ 𝛼(𝑡)𝑟𝐼𝐼𝑚𝑎𝑥

2 𝑠𝑖𝑛2(𝜔𝑡 − 𝜑)(𝑡)𝑑𝑡
𝑇

0
 (9) 

where φ is phase difference between the modu-

lating signal image of the phase voltage V (as 

reference) and the current I of the same phase, 

rI is internal resistance of IGBT, and 𝑉𝐶𝐸𝑠0 is

maximal drop voltage across the collector emit-

ter terminals of IGBT in the on-state.  Alternati-

vely, the conduction losses in the IGBT could 

be expressed as, 

𝑃𝑡𝑐𝑜𝑛𝑑 =
𝑉𝐶𝐸𝑠0𝐼𝑚𝑎𝑥

2
(

1

𝜋
+

𝑀

4
𝑐𝑜𝑠𝜑) +

𝑟𝐼𝐼𝑚𝑎𝑥
2

2
(

1

4
+

2

3
𝑐𝑜𝑠𝜑)     (10)

The conduction losses in the diodes we-

re obtained by similar method as applied to the 

IGBT, but should be noted that a diode conduc-

ts only when the transistor which is in parallel 

is blocked.  The two devices act complementary 

because if α(t) is the duty cycle of the transistor, 

then (1 – α(t)) is the factor for the diode.  The 

diode conduction losses were expressed as, 

𝑃𝑡𝑐𝑜𝑛𝑑 =
𝑉𝐹𝑂𝐼𝑚𝑎𝑥

2
(

1

𝜋
−

𝑀

4
𝑐𝑜𝑠𝜑) + 

𝑟𝑑𝐼𝑚𝑎𝑥
2

2
(

1

4
−

2𝑀

3
𝑐𝑜𝑠𝜑)    (11) 

where VFO is forward voltage drop across the 

diode and rd is internal resistance of the diode. 

3.2.2. Switching losses in IGBT and diode 

The switching losses were greater than 

conduction losses.  A distinction was made bet-

ween switching losses in the IGBTs and diodes.  

Switching losses in the blocking and priming of 

transistor were respectively expressed by, 

𝑃𝑇𝑜𝑓𝑓 = 𝑡𝑠𝑜𝑓𝑓𝐼𝑜𝑛𝑉𝑐𝑓𝑐𝑜𝑚    (12) 

𝑃𝑇𝑂𝑛 = 𝑡𝑠𝑜𝑛𝐼𝑜𝑛𝑉𝑐𝑓𝑐𝑜𝑚    (13) 

where Vc is continuous supply voltage, Ion is 

current status from the device, tson is total switc-

hing time to boot, tsoff is total time of switching 

to the blocking, and fcom is switching frequency. 

Also the switching losses of diode are given by 

𝑃𝑑𝑐𝑜𝑚 =
𝐸𝑟𝑟𝐼𝑚𝑎𝑥

𝜋𝐼𝑜𝑛𝑜𝑓𝑓
𝑓𝑐𝑜𝑚    (14) 

where 𝐸𝑟𝑟 is dissipation energy accompanying

diode extinction and  Ionoff is manufacturer spe-

cified current. 

3.2.3. Total losses in the inverter 

The three-phase inverter had 6 power 

switches, and the total losses were, 

𝑃𝑜𝑛𝑑 = 6(𝑃𝐷+𝑃𝑇+𝑃𝑡𝑟)      (15)

where 𝑃𝐷 = 𝑃𝐷𝑐𝑜𝑚+𝑃𝐷𝑐𝑜𝑛𝑑 is total losses at a

diode, 𝑃𝑇 = 𝑃𝑇𝑐𝑜𝑛𝑑+𝑃𝑇𝑂𝑛+𝑃𝑇𝑜𝑓𝑓 is total loss-

es at a transistor, and Ptr are the parasitic losses 

of the chips determined as, 

𝑃𝑡𝑟 =
1

𝑇
∫ 𝑅𝐶𝐶′−𝐸𝐸′𝐼𝑚𝑎𝑥

2 𝑠𝑖𝑛2(𝜔𝑡 − 𝜑)𝑑𝑡

𝑇
2

+𝜑

𝜑

= 𝑅𝐶𝐶′ − 𝐸𝐸′𝐼𝑚𝑎𝑥
2 /4     (16)

where 𝑅𝐶𝐶′ − 𝐸𝐸′ is conductive resistivity of

semiconductor chips to the crossing of the curr-

ent (values provided by Manufacturers). 

3.3. Temperatures at Junctions 

A thermal model was developed to det-

ermine the temperature rise at the semiconduct-  

or junctions of the electronic power modules. 
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The junction temperatures (°C) were expressed 

in terms of thermal resistances R (°C/W) and 

power P (W) by, 

∆𝜃𝑖 = 𝑃𝑇(𝑅𝑗,𝑏𝐼 + 𝑅𝑑𝑏𝐼) + 𝑅𝑑,𝑎(𝑃𝑡𝑟 + 𝑃𝑇 + 𝑃𝑇) 

    (17) 

∆𝜃𝑑 = 𝑃𝐷(𝑅𝑗,𝑏𝐷 + 𝑅𝑑𝑏𝐷) + 𝑅𝑑,𝑎(𝑃𝑡𝑟 + 𝑃𝑇 + 𝑃𝑇)

   (18) 

The thermal resistance of a layer was 

inversely proportional to the surface area, there-

fore, an increase of surface area led to decrease 

of thermal resistance; implying decrease of bo-

th average temperature and thermal ageing.  For 

the same material thickness, an increase of surf-

ace area led to an increase of volume, and there-

by influencing the mass and cost of the device.  

Hence, a compromise between average temper-

ature and the total mass of the device must be 

achieved by optimized design. 

4. ESTIMATION OF INVERTER MASS

The inverter mass was estimated on the 

assumptions that the chips were square in sha-

pe, mass of the metallization of the chips were 

negligible, total mass was three times that of the 

inverter arm, and the total mass of IGBT invert-

er was the sum of the masses of all the different 

components. 

There are several types of hard solder 

depending on the type of alloy used [9, 10].  In 

the study, an alloy of SnAg with a respective 

proportion of 96.5 % and 3.5 % was chosen.  

The mass of hard solder of density ρ was deter-

mined as, 

𝑀𝑏𝑟 = (0.965𝜌𝑠𝑛 + 0.035𝜌𝑎𝑔)(𝑙𝑏𝑟,𝑖𝐿𝑏𝑟,𝑗 +

𝑙𝑏𝑟,𝑑𝐿𝑏𝑟,𝑑 + 𝑙𝑐𝑢𝑙𝑠𝑏)𝐸𝑏𝑟     (19)

The semiconductors chips of IGBT and 

diode were made of silicon of density ρsi, and 

was assumed that the semiconductor chips were 

square with thickness Edier.  Hence the masses 

were expressed as, 

𝑀𝐼𝐺𝐵𝑇 = 𝜌𝑠𝑖𝐸𝑑𝑖𝑒𝑐𝑖
2    (20) 

𝑀𝑑𝑖𝑜𝑑𝑒 = 𝜌𝑠𝑖𝐸𝑑𝑖𝑒𝑐𝑑
2    (21) 

Copper layers covered the top and bott-

om surfaces of the substrate, and denoting the 

thickness by Ecu, width by lcu, and length by lsb, 

the mass formula was, 

𝑀𝑐𝑢 = 2𝜌𝑐𝑢𝐸𝑐𝑢𝑙𝑐𝑢𝑙𝑠𝑏      (22)

The substrate was aluminum nitride of 

thickness Esub, and the mass estimated by assu-

ming the same dimensions as copper was, 

𝑀𝑠𝑢𝑏 = 𝜌𝑠𝑢𝑏𝐸𝑠𝑢𝑏𝑙𝑐𝑢𝑙𝑠𝑏      (23)

For providing mechanical support to 

the assembly of components, and effective heat 

transfer to a cold source, the sole was made of 

particle-reinforced silicon carbide aluminum 

plate of thickness Esole, and the mass was expre-

ssed as, 

𝑀𝑠𝑒𝑚 = 𝜌𝑠𝑒𝑚𝐸𝑠𝑒𝑚𝑙𝑠𝑒𝑚𝑙𝑠𝑏     (24)

The housing material was polybutylene 

terephthalate (PBT) plastic of thickness Eboit 

and height Hboit, and the mass was estimated as-

suming a rectangular shape by, 
𝑀𝑏𝑜𝑖𝑡 = 𝜌𝑏𝑜𝑖𝑡𝐸𝑏𝑜𝑖𝑡(2𝐻𝑏𝑜𝑖𝑡(𝑙𝑠𝑏 + 𝐿𝑠𝑒𝑚) + 𝑙𝑠𝑏𝐿𝑠𝑒𝑚)

(25) 

The silicone gel provided enhancement 

of the electrical insulation, as well as protection 

of the semiconductor chips against humidity 

and oxidation, and also improved the resistance 

to partial discharges due to defects of DCB sub-

strate metallization [11, 12].  Assuming that the 

gel filled all the empty space in the box after 

encapsulation, the mass was estimated as 

𝑀𝑖𝑠 = 𝜌𝑖𝑠(𝑙𝑠𝑏𝐿𝑠𝑒𝑚𝐻𝑏𝑜𝑖𝑡 − 2𝐸𝑝𝑢𝑐𝑒(𝑐𝑖
2 + 𝑐𝑑

2) −

𝐸𝑏𝑟(2𝑙𝑏𝑟,𝑖𝐿𝑏𝑟,𝑖 + 2𝑙𝑏𝑟,𝑑𝐿𝑏𝑟,𝑑 + 𝑙𝑠𝑏𝐿𝑠𝑒𝑚)
−2𝐸𝑐𝑢𝑙𝑐𝑢𝐿𝑠𝑒𝑚 − 𝐸𝑠𝑢𝑏𝑙𝑠𝑏𝐿𝑠𝑒𝑚     (26)

The heat sink was a radiator with a fin 

of base thickness Eradiat, and neglecting the mass 

of the fins relative to the base, the mass was, 

𝑀𝑑𝑖𝑠 = 𝜌𝑑𝑖𝑠𝐸𝑟𝑎𝑑𝑖𝑎𝑡𝑙𝑠𝑏𝐿𝑠𝑒𝑚     (27)

The total mass of the inverter was the-

refore determined by adding the masses of all 

the various components, 

𝑀𝑜𝑛𝑑 = 3(𝑀𝑠𝑢𝑏 + 𝑀𝑐𝑢 + 𝑀𝑖𝑠𝑜𝑙 + 𝑀𝑏𝑜𝑖𝑡 +
𝑀𝑠𝑒𝑚 + 𝑀𝐷𝑖𝑜𝑑𝑒 + 𝑀𝐼𝐺𝐵𝑇 + 𝑀𝑠𝑜𝑙𝑑𝑒𝑟 + 𝑀𝑑𝑖𝑠)

   (28) 

5. LIFETIME PREDICTION

5.1. Lifetime Analysis 

The lifetime of IGBT modules was pre-

dicted from the thermal ageing model, based on 

the temperature rise at the junctions IGBT hou-

sing and diode-housing.  In general, the referen-

ce lifetime of insulation, τref = 1.0 x 105 hr for a 

reference temperature of 40 ° C, but the lifespan 

is reduced to half value for each temperature 

rise of 10 ° C.  Assuming a lifetime of 1.0 x 103 

hr for temperature rise of 150 ° C, the correspo-

nding model equation for lifetime prediction τ 

was given by the formula [13], 

𝜏 = 𝜏𝑟𝑒𝑓 𝑥 2[∆𝜃𝑎𝑣𝑔(𝑎∆𝜃𝑎𝑣𝑔+𝑏)]     (29)

where θavg is average temperature of inverter; 

constant a = 3.979 x 10-4 (°C)-2 and constant b 

= - 0.1040 (°C)-1 were determined from the con-

ditions that, 



38 

Agbokpanzo et. al., Journal of Applied Science and Technology, Vol. 21, Nos. 1 & 2, 2016, pp. 34 - 41   

∆𝜃𝑎𝑣𝑔 = 10 ℃; ⇒ 𝜏 =
𝜏𝑟𝑒𝑓

2
= 5.0 𝑥 104 ℎ𝑟

and ∆𝜃𝑎𝑣𝑔 = 150 ℃; ⇒ 𝜏 = 1.0 𝑥 103 ℎ𝑟.

The two antagonists fitness were the 

average temperature, Δθavg and the total mass of 

the device.  Therefore, an optimization was nec-

essary to find the best configuration based on 

the predicted lifetime.  Increase of lifespan lead 

to decrease of heating temperature, and subseq-

uent decrease in losses or mass increase.  For a 

a balance between cost and lifetime, a multi-

objective optimization was used by applying 

NSAG-II algorithm. 

5.2. Optimization Process 

The optimization was performed using 

Non-dominating Sorted Genetic Algorithm II 

(NSGA-II) [14, 15] and adapted Matlab Code 

(NGPM) [16].  The Matlab program was writ-

en for finite element optimization, but support-

ed real and integer coding, and use genetic algo-

rithm operators such as selection, mutation and 

crossover.  For the selection, only binary tourn-

ament was supported.  

The population used was a random init-

ial population with uniform distribution number 

between the lower and upper bounds.  The sim-

ulation was terminated when the maximum spe-

cified generation was reached.  The Matlab pro-

gram included an output function (.txt file); 

where the generated populations for all design 

variables, objectives and constraint violations 

(if exist) were found.  

The interval between two calls of out-

put function was an integer value, a parameter 

to be assigned.  During the process, the populat-

ions were plotted and presented in GUI window 

step by step according to the specified value of 

corresponding parameter. The plot was the wh-

ole Pareto-optimal front with a well-distributed 

solution set in the front.  Some of the optimizat-

ion parameters are shown in Table 2.  

Table 2. Optimization parameters 

Parameter Value 

Population size 200 

Maximum generation 500 

Number of design 

variables 

16 

Number of objectives 2 

Crossover operator Intermediate, ratio=1.2 

Mutation operator Gaussian, scale=0.1, 

shrink=0.5 

The two objective functions used for 

the optimization were the total mass of inverter 

and the average temperature of IGBT junction.  

The average temperature of IGBT was determi-

ned from the simplified thermal scheme of the 

inverter illustrated in Fig. 4.  The total mass was 

determined from eqn. (28) taking into account 

the geometric model of the inverter, while the 

lifetime was calculated using eqn. (29). 

The sixteen (16) variables used in the 

model calculations were cd ci Lsem ℓbr,i ℓbr,d ℓcu 

Ebr Ecu Esub Esem Eboi Hboi Edie Lsb Lbr,i Lbr,d, as 

listed in Table 3. 

Table 3. Model variables 

Geometrical 

parameters 

Values (m) 

cd [10-3, 6.0 x 10-3] 

ci [2.0 x 10-3, 1.3 x 10-2] 

Lsem [10-1, 3.6 x 10-1] 

ℓbr,i [3.05 x 10-3, 16.25 x 10-3] 

ℓbr,d [1.05 x 10-3, 6.25 x 10-3] 

ℓcu [2.5 x 10-2, 13 x 10-2] 

Ebr [10-4, 10-3] 

Ecu [1.5 x 10-4, 3.0 x 10-4] 

Esub [10-3, 6.3 x 10-3] 

Esem [10-5, 2.0 x 10-3] 

Eboi [10-3, 5.0 x 10-3] 

Hboi [3.2 x 10-2, 4 .0 x 10-2] 

Edie [1.5 x 10-4, 3.5 x 10-4] 

Lsb [2.0 x 10-2, 9.0 x 10-2] 

Lbr,i [1.5.0 x 10-2,7.0 x 10-2] 

Lbr,d [10-2, 5.0 x 10-2] 

5.3. Pseudo-Code for NSAG-II and Matlab 

Program 

The population Po was initialized using 

uniform distribution of random number betwe-

en the lower and upper bounds.  Once Po was 

created, a sort of population based on non-dom-

inance solution was performed.  Each solution 

was assigned a rank corresponding to level of 

dominance; 2 (best), 2 (better), and so on; thus 

minimization of fitness was assumed.  Using bi-

nary tournament selection, recombination and 

mutation operators, a new population Qo was 

created at end of the first, of the same size N 

than latter.  Combining the two populations, a 

new population of size N was obtained, sorted 

out based on non-dominance and crowding 

distance solutions. 

On obtaining several fronts, simulation 

moved onto the next generation P1 choosing so-

lutions from the first non-denominated one; and 
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if the size was not reached, moved on to the ne-

xt edge solution, and so on, until new generati-

on P1 of size N was obtained. 

The process was repeated until maxim-

um number of generation level was reached.  

Diversity of non-dominated solutions was intr-

oduced using the procedure of space compari-

son, which was used in the selection of the tour-

nament during the reduction of population. 

The steps for the pseudo-code were: 

 Create initial random population of size N;

 Evaluate lifetime τ and total mass (M);

 Use binary tournaments selection, recombi-

nation and mutation operators to create off-

spring population of N;

 Sort combined parent and offspring popula-

tion (size 2N) into Pareto-ranks using fast

non-dominated sorting;

 Create new generation population by selec-

ting from N population members;

 Repeat step 3.

The listed main Matlab program of 

NSGA-II were: 
clc; clear; close all 

options = nsgaopt_ondul(); % create default  

       options structure 

options.popsize = 200;     % population size 

options.maxGen = 500;     % max generation 

options.numObj = 2         % number of objectives 

options.numVar = 16;       % number of design  

   variables 

options.numCons = 3;       % number of constraints 

option.nOvervar = 0;       % number of over  

   variables completed 

options.lb = [];           % lowers bounds of variables 

options.ub = [];          % upper bounds of variables 

options.objfun = @Inverter_objective; % objective  

      function handle 

options.plotInterval = 10;      % interval between 

  two calls of “plotnsga". 

result = nsga2_ondul(options);   % begin the 

       optimization! 

6. RESULTS

After the optimization process, Pareto-

optimal front of the two fitness presented all the 

possible configurations of the inverter as shown 

in Fig. 5.  Hence, the predicted lifetime versus 

the mass is presented in Fig. 6. 

When the mass was increased, the aver-

age temperature decreased, such that the copper 

losses reduced and the inverter efficiency incre-

ased.  The increase of the mass meant an increa-

se in the cost of the inverter. For each point in a 

made according to the system lifetime. Consid- 

Fig. 5. Pareto optimal front of average temperature 

and mass 

Fig. 6. Predicted lifetime versus the mass 

ering a PV system, there are several possible 

choices taking into account the panel lifetime 

and the daily operation. 

For example, with a panel of lifetime of 

about 25 years, under daily operation time of ~ 

8 hrs, the system would work for 72,000 hrs. 

Therefore, the lifetime of the inverter could be 

predicted as shown in Fig. 7(a).  For both geom-

etric and thermal ageing models, no configurat-

ion corresponded to the duration and the nearest 

was chosen. 

For the predicted lifetime equivalent to 

mid-lifetime of the panel, the system would 

work for 36,000 hours, and the corresponding 

life-time and mass of inverter are presented on 

the Fig. 7 (b). 

7. DISCUSSION

Two objective functions used for the 

simulations were the total mass determined fr-

om geometric model of the inverter, and aver-

age temperature of IGBT determined form ther-

mal ageing model.  The two approaches of opti-

mal design were demonstrated by the evolution 
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(a).    (b). 

Fig.7. Two examples of approach (a) 72,000 hrs, (b) 36,000 hrs 

of average temperature and lifetime of IGBT as 

the total mass of the inverter increased. 

The increase of inverter mass meant 

additional cost, and a better economic solution 

would be to select an inverter of lifetime equal 

to half of lifetime of the solar panel.  A change 

of inverter mass from 1 kg to about 0.3 kg is 

most feasible and efficient, and replacement of 

inverter after half of the lifespan of the panels 

is recommended. 

8. CONCLUSIONS

Geometrical configuration, thermal ag-

eing and total mass calculations were consider-

ed for multi-criteria optimization using NSAG-

II algorithm to predict the lifetime of IGBT 

inverter.  For the optimal design, a compromise 

between mass and heating was analysed to opti-

mize and control the operational cost and selec-

ction of a more robust system. 

For better sustainability of grid connec-

tivity of systems with solar inverters, a replace-

ment of the inverter after half of the lifespan of 

the panels is reasonable.  The suggestion is pla-

usible even if the investment related to replace-

ment seems high initially, because the reduction 

of the duration of the inverter lifetime allows a 

significant reduction in the mass of the device. 
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