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ABSTRACT: The work aims to compile the temperature load of electronic products with obvious daily fluctuation and seasonal
difference in field environment into temperature cycle load spectrum and convert it into the acceleration load spectrum. The load
cycle information in the original spectrum was extracted by the four-point rain flow counting method. The extracted cycle in-
formation was subject to statistical analysis such as distribution fitting and correlation testing, and a joint probability density
function of cycle mean and range value was constructed. Then, the probability density method was used to compile 8 x 8
two-dimensional environmental load spectrum. On the basis of the two-dimensional load spectrum, a temperature cycle load
spectrum was simultaneously developed and transformed into an acceleration load spectrum by an acceleration equation for
electronic component parameter correction. Through the temperature record in a field operation cycle, a set of reasonable proc-
esses and solutions for compiling the temperature cycle load spectrum and converting it into the acceleration load spectrum were
provided. This compiling method can utilize the vast majority of effective information from the original environmental spectrum

to better reproduce the temperature changes experienced by electronic components during field operations, laying the foundation

R EH: 2024-02-02; fEITHE: 2024-02-27

Received: 2024-02-02; Revised: 2024-02-27

Bl 2, HA I, xdh, F. wFFBHEIRE T RA R BATE S 5 EJ]. EA IR TAE, 2024, 21(4): 68-80.

WU Yigiao, HAN Jianli, LIU Xiaodi, et al. Method for Compiling Temperature Cycling Acceleration Load Spectra of Electronic Products in the
Field Environment[J]. Equipment Environmental Engineering, 2024, 21(4): 68-80.

*E{51E& ( Corresponding author )



B21% A

R—Iv, S BT AR EPANEREE T IR s 2 i g o 7 vk 69 -

for accelerated life testing and service life prediction of electronic products.

KEY WORDS: load spectrum; two-dimensional load spectrum; temperature load; temperature cycle; accelerated life test; rain

flow counting method; probability density; electronic products
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Fig.1 Principal diagram of compiling method of 8 x 8 two-dimensional load spectrum based on rain flow counting method
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Fig.2 Original temperature load spectrum
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means and ranges
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Tab.3 Two-dimensional load spectrum of temperature cycle for a certain type of electronic
component during one field operation cycle

Ay FRE/ C -11.82C —4.68 C 246°C  9.60 C 16.74 °C 23.87 C 31.01 C 38.15 °C
3.78 0 4 13 23 23 12 4 0
8.31 0 4 14 26 26 14 4 0
12.84 0 2 6 11 11 6 2 0
17.38 0 1 2 4 4 2 1 0
21.91 0 0 1 2 2 1 0 0
25.69 0 0 0 1 1 0 0 0
28.71 0 0 0 0 0 0 0 0
30.22 0 0 0 0 0 0 0 0
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Fig.14 Temperature cycle load spectrum based on two-dimensional load spectrum arrangement
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Tab.4 Acceleration factors under different temperature cycling stress levels

AL I/ C -11.82 C -4.68 C 246°C  9.60C  1674°C  2387°C 3101 C  3815°C
3.78 64.56 56.01 48.95 43.08 38.14 33.97 30.42 27.37
8.31 30.33 26.37 23.10 20.37 18.07 16.12 14.46 13.03
12.84 19.59 17.08 14.99 13.24 11.77 10.52 9.45 8.53
17.38 14.28 12.47 10.97 9.71 8.65 7.74 6.97 6.30
21.91 11.09 9.71 8.56 7.59 6.77 6.07 5.47 4.95
25.69 9.28 8.14 7.18 6.38 5.70 5.12 4.62 4.19
28.71 8.16 7.17 6.34 5.63 5.04 4.53 4.09 3.71
30.22 7.68 6.75 5.97 5.32 4.76 4.28 3.87 3.51

%5 TFRIRIER AT T S HAH7 A LIER K F RER A
Tab.5 Number of cycles for converting two-dimensional load spectra into accelerated stress levels
under different temperature cycling stress levels

AL I/ C -11.82 C -4.68 C 246°C 960 C  1674°C  2387°C 3101 C  3815°C
3.78 0 0.07 0.27 0.53 0.60 0.35 0.13 0
8.31 0 0.15 0.61 1.28 1.44 0.87 0.28 0
12.84 0 0.12 0.40 0.83 0.93 0.57 0.21 0
17.38 0 0.08 0.18 0.41 0.46 0.26 0.14 0
21.91 0 0 0.12 0.26 0.30 0.16 0 0
25.69 0 0 0 0.16 0.18 0 0 0
28.71 0 0 0 0 0 0 0 0
30.22 0 0 0 0 0 0 0 0
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Fig.15 Acceleration load spectrum based on two-dimensional load spectrum conversion
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Fig.17 Accelerated life test equipment
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Tab.6 Accelerated life test results statistics

T — YA

W R WEEETE/h SE85 /e R2E/%
1 140 105 11.34 13.36
2 136 102 11.01 10.12
3 112 84 9.07 9.31
4 116 87 9.39 6.07

MR 0 8 5 i i 0 45 A G T A ml A, A £
F g A e 1 A T R A e A A i e
FRF- IS5 AR 10.2 a, SRR SE BGR IR A 5380
5 S A LR 2ZEVE R 6.07%~13.36%. 4
FEUE, B 2 g i A TR Ak T i AR
fr A PRS0, WENIE T 56 DU 5 R A0
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