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 FUJI IGBT Module 6MBI800XV-075V-01 

Calculation of power cycling lifetime when there are multiple different temperature rise peaks 

 

 The power cycling lifetime of the IGBT module depends on the temperature swing (and maximum 

temperature) during power cycle. Therefore, when there is only one temperature swing of the IGBT module 

in one particular operation cycle of the inverters/converters, the number of times calculated from the power 

cycling lifetime curve is the life cycle of the IGBT module. 

 However, when there are multiple temperature rise peaks in one operation cycle of the inverter, the life 

cycle becomes shorter because the module is influenced by the multiple temperature rises. The calculation 

method of power cycling lifetime when there are multiple different temperature rise peaks like the driving 

pattern of an automobile is shown below. 

 

 The following explains how to calculate the power cycling lifetime by taking as an example a pattern in 

which the junction temperature of the IGBT fluctuates as shown in Fig. 1 within one cycle of the operation 

pattern. 

 ①Count the number of occurrences of each junction temperature fluctuation (ΔTvj) within one cycle of the 

operation pattern. 

 ②From the number of occurrences of each junction temperature fluctuation (ΔTvj) and the ΔTvj power 

cycling lifetime curve of the IGBT module, calculate the power cycling lifetime using the cumulative fatigue 

damage rule. 

 

①Counting the number of occurrences of each junction temperature fluctuation (ΔTvj) 

    ★There are several methods for counting ΔTvj, such as the range pair method and the rainflow method. 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Junction temperature fluctuation within one cycle of operation pattern 

 

Table 1 Number of occurrences of each junction temperature fluctuation 

i ΔTvj 
Number of occurrences 

ni’ 

1 20～22℃(21±1℃) 3 

2 22～24℃(23±1℃) 2 

3 26～28℃(27±1℃) 2 

4 28～30℃(29±1℃) 1 

5 30～32℃(31±1℃) 1 

6 34～36℃(33±1℃) 1 

7 40～42℃(41±1℃) 2 

8 42～44℃(43±1℃) 1 

9 50～52℃(51±1℃) 1 

 

1 cycle = 100 s 

TW =60℃ 
(Coolant temperature) 
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 ②Calculation of power cycling lifetime using cumulative fatigue damage rule 

 If junction temperature fluctuation of ΔTvj1, ΔTvj2, ΔTvj2・・・occurs, the number of cycles until the IGBT 

breaks is read from ΔTvj power cycling lifetime curve and these are taken as N1, N2, N3・・・. 

 

 Next, if the number of occurrences of junction temperature fluctuation such as ΔTvj1, ΔTvj2, ΔTvj3・・・is 

n1, n2, n3・・・, the cumulative fatigue damage ratio is expressed by the following equation.. 

 

 

 

 When D becomes 1, fatigue failure occurs. However, in actuality, calculate the number of cycles that 

D becomes 0.7 or less in anticipation of the margin (Recommend example). 

 

 If the number of lifetime cycles is 280,000 cycles, n is the number of occurrences shown below and 

the cumulative fatigue damage ratio D is 0.69 (<= 0.7). Since 1 cycle of the pattern in Figure 1 is 100 s, 

the lifetime will be "100 s × 280,000 Cycles / 3,600 s = 7,778 hours". 

 

    Table 2 Lifetime calculation 

i ΔTvj Ni 

Number of occurrences of 

each temperature variation 

within one cycle 

ni’ 

ni 

(ni’×280,000) 

Cumulative fatigue 

damage ratio D (∑ni /Ni) 

1 21±1℃ 3.35E+09 3 840,000 2.51E-04 

2 23±1℃ 1.37E+09 2 560,000 4.10E-04 

3 27±1℃ 2.84E+08 2 560,000 1.97E-03 

4 29±1℃ 1.41E+08 1 280,000 1.98E-03 

5 31±1℃ 7.37E+07 1 280,000 3.80E-03 

6 33±1℃ 2.27E+07 1 280,000 1.23E-02 

7 41±1℃ 4.92E+06 2 560,000 1.14E-01 

8 43±1℃ 3.11E+06 1 280,000 9.01E-02 

9 51±1℃ 6.02E+05 1 280,000 4.65E-01 

 D=0.69 
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Fig. 2 ΔTvj Power cycling lifetime curve and frequency of occurrence 

ΔTvj [℃] 
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 ③Junction temperature fluctuation caused by ambient temperature change (ΔTvj (long time)) 

 The above shows the calculation method considering only the self heat generation (ΔTvj (short time)) of 

the IGBT chip by inverter operation. 

 However, in fact, when it is greatly influenced by the outside air temperature like the automotive 

inverters, it is necessary to calculate the life in consideration of ΔTvj caused by outside air temperature 

variation as shown in the following formula. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Junction temperature fluctuation caused by ambient temperature change 

 

 

 

  

ΔTvj (long time) = Tvj (max) － Ta (outside air temperature(Ambient temperature)) 

  Example1 : ΔTvj (long time) = 80℃－10℃ = 70℃ 

  Example2 : ΔTvj (long time) = 80℃－(－20℃) = 100℃ 

n[ΔTvj] = n[ΔTvj (short time)] + n[ΔTvj (long time)] 

Tvj (max) 

Coolant 
temperature 

Tvj 
TW 
Ta 

Stop   Operation     Stop     Operation      Stop      Operation      Stop 

ΔTvj (long time) 

ΔTvj (short time) 
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1. This Catalog contains the product specifications, characteristics, data, materials, and structures as of May 2018. 
The contents are subject to change without notice for specification changes or other reason. When using a product listed in  
this Catalog, be sure to obtain the latest specifications. 

  
2. All applications described in this Catalog exemplify the use of Fuji’s products for your reference only. No right or license, either 

express or implied, under any patent, copyright, trade secret or other intellectual property right owned by Fuji Electric Co., Ltd. is 
(or shall be deemed) granted. Fuji Electric Co., Ltd. makes no representation or warranty, whether express or implied, relating to 
the infringement or alleged infringement of other’s intellectual property rights which may arise from the use of the applications 
described herein. 

 
3. Although Fuji Electric Co., Ltd. is enhancing product quality and reliability, a small percentage of semiconductor products may 

become faulty. When using Fuji Electric semiconductor products in your equipment, you are requested to take adequate safety to 
prevent the equipment from causing a physical injury, fire, or other problem if any of the products become faulty. It is recommended 
to make your design failsafe, flame retardant, and free of malfunction. 

 
4. Do not use products in this Catalog for the equipment requiring strict reliability such as the following and equivalents to  

strategic equipment (without limitation). 

 ・Space equipment  ・Aeronautic equipment  ・Nuclear control equipment  ・Submarine repeater equipment 

 

5. All rights reserved. No part of this Catalog may be reproduced without permission in writing from Fuji Electric Co., Ltd. 

 
6. If you have any question about any portion in this Catalog, ask Fuji Electric Co., Ltd. or its sales agents before using the product. 

Neither Fuji Electric Co., Ltd. nor its agents shall be liable for any injury caused by any use of the products not in accordance with 
instructions set forth herein. 
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