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A Study on the Development of Accelerated Life Test Method
Considering Thermal Fatigue of Automotive Electronic Control Unit
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The automotive electronic control unit outputs control signals using electrical signals of various input sensors installed in the
vehicle to control the state of the engine, automatic transmission, and electric power steering (EPS). These units are
installed inside the vehicle or engine room, and the temperature rises and falls by several tens of degrees due to the heat
of the engine and the self-heating of the electronic control unit. Therefore, it was exposed to a thermal fatigue environment
due to the difference in the coefficient of thermal expansion between the components, which caused frequent component
damage. Solder cracks due to thermal fatigue in electronic control units are a key failure mode. However, because of its
great heat capacity, the electronic control unit for automobiles took a long time to attain the desired temperature of high or
low, and as a result, the 1,000-cycle test for thermal fatigue life verification required 3,167 hours (or 4.4 months). Therefore,
in this study, the thermal shock cycle test time for the verification of the thermal fatigue life of electronic control units for
automobiles was reduced by dividing it into two types.
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Fig. 2 Main failure mode of electronic control unit
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Fig. 4 Thermal expansion measurement equipment for PCB and
parts (Half-bridge)
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Table 1 Normal and acceleration experiment mode for thermal
shock cycle test

. Low High Total
Experiment .

mode temp. temp. Cycles time

[°C] [°C] [hours]

Normal -40 125 1,000 3,167

Acceleration -60 150 528 1,593
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Fig. 8 Solder joint force measurement method
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Table 2 Paired t-test analysis result between normal and accelerated
experiment mode

Part number Experiment Force Force

(Test points) mode n c P-value

K Normal 1.4 0.31

#1 2 - 0.008
(6/Pulling) Acceleration 2.06 0.24
#3 Normal 1.12 0.14

. - 0.006
(12/Pulling) Acceleration 0.94 0.10
#5 Normal 222 0.15

. 0.165
(6/Pulling) Acceleration 1.96 0.27
#6 Normal 2.14 0.44

. 0.831
(10/Pulling) Acceleration 2.12 0.26
#7 Normal 2.59 0.24

. 0.684
(6/Pulling) Acceleration 2.51 0.29
#9 Normal 2.57 0.30

. 0.180
(6/Pulling) Acceleration 243 0.12
Normal 6.58 0.13

#10. 0.289
(2/Pulling) Acceleration 6.15 0.17
#a Normal 4.94 0.56

0.892
(6/Shear) Acceleration 4.90 0.26
#b Normal 1.79 0.18

0.212
(6/Shear) Acceleration 1.92 0.13
#f Normal 1.77 0.19

0.108
(6/Shear) Acceleration 1.90 0.13

% The values in parentheses are the number and direction of load
measuring points for the part.
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Table 3 Normal and rapid temperature change experiment mode for
thermal shock cycle test

. Low High Total
Experiment .
mode temp. temp. Cycles time
[*C] [’C] [days]
Normal -40 125 1,000 87
RTC -90 150 370 6

Fig. 11 Circular crack generated by normal mode thermal shock
cycle test

Fig. 13 Circular cracks caused by thermal shock cycle test with
rapid temperature change
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