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Study on the Method of Thermodynamics Model Updating of
Printed Circuit Board Assembly
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(Reliability and System Engineering Institute , Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

ABSTRACT : Objective To update the thermodynamics model of the printed circuit board assembly accurately and effi-
ciently. Methods The input parameters with great effects on the surface temperature of a component in the thermal simula-
tion test were found out through the correlation analysis method which was based on the Latin hypercube sampling experi-
ment design and the computational formula of Speraman rank correlation coefficient. And then the function relationship be-
tween the input and output was obtained after further analysis. On this basis, the general process of the thermodynamics
model updating of the printed circuit board assembly was provided. Finally, the thermodynamics model of a PCBA from an
aircraft electronic product was updated with this method. Results The result of the updated model showed good accuracy
and only two calls to finite element software. Conclusion This method of thermodynamics model updating had good accura-
cy and efficiency, and could be used in engineering practice.
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Fig. 1 The CAD model of the analysis object
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Table 1 The upper and lower limit values of the initial screening parameters
ZHL C,-IH C,-IH P-IH C-TC, C-TC, C-TC, P-TC, P-TC, P-TC,
TFR 601011 241 443 167 121 0.27 0.27 0.27 0.2646 0.2646 0.2646
IR 734 569 295 097 204 259 0.33 0.33 0.33 0.3234 0.3234 0.3234
s B A SR W/ m? SRARBORA N W/ (m - C)
R2 HTBEIFMEERS
Table 2 The sample points of Latin hypercube sampling
2% C,-IH C,-IH P-IH C-TC, C-TC, C-TC, P-TC, P-TC, P-TC, T-C,
1 673772 256913 177 876  0.2701  0.2943  0.3126  0.2972  0.3228  0.2656 89.59
2 714 124 250512 203 341  0.2945  0.2914  0.3092  0.28384  0.3031 0.3155 95.53
3 693 281 282347 198 421  0.2801 0.3154  0.2845 0.3097 0.2654  0.2818 94.09
4 695786 293207 170394  0.2935 0.3037 0.2937  0.3007 0.3084  0.3196 90.27
5 604 932 272299 185559 0.2833  0.2769  0.3222  0.2794  0.2713  0.3078 86.71
6 626432 286265 193161 0.3175  0.3117  0.2970  0.2693  0.3169  0.2856 88.16
7 658 278 243315 173299 0.3016  0.3275  0.2785  0.2760  0.2870  0.3043 88.55
8 722809 277730 180 112 0.3258  0.2836  0.3032  0.2824  0.2786  0.2742 94.11
9 629 459 258987 191713 0.3089  0.2742  0.2703  0.3151 0.2963  0.2924 88.29
10 648088 264818 185964 0.3215 0.3194 0.3286  0.3227  0.2913  0.2947 88.26
11 673 500 255300 176089  0.3033  0.3122  0.3048 0.3206  0.3205  0.2689 88.72
12 625174 262252 188759  0.2809  0.3285  0.2802  0.2959  0.2757  0.2940 88.05
13 606 844 268 407 201 848  0.2825  0.2835 0.3276  0.2785  0.3018  0.2786 88.18
14 712581 280950 179792  0.3237  0.3206  0.2982  0.2691  0.2855  0.2748 93.18
15 704873 266458 198877 0.3142  0.2704  0.2926  0.3119  0.2661 0.2823 94.95
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Table 3 The calculation results of correlation coefficient

C,-IH C,-IH p-IH C-TC, C-TC,
T-C, 0.9536 -0.0179 0.0786 0.2036 -0.1679
C-TC, P-TCx P-TC, pP-TC,
T-C, -0.1179 0.1571 -0.0857 -0.1857
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Table 4 The five sample points

T-C, T-C,

1 667 790 90.370 895 39
2 721 213.2 94.121 948 24
3 614 366.8 86.627 037 05
4 694 501.6 92.244 346 62
5 641 078.4 88.498 970 03
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Fig. 2 The distribution of the five samples
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Fig. 3 The initial simulation results
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Table 5 The comparison of the simulated values and the meas-

ured values

WItaT) I (NGRS EI Gy iR

R/W fi/c  fiEfE/C RE/ %
U,, 0.6 52.5 47.6 -9.33
Uy, 0.3 52 49.6 -4.62
U, 0.38 50.5 48.9 -3.17

PRI B Pl . T=[52.5,52,50.5] ;%
PRI . P, =[0.6,0.3,0.38 ] ; & 21 LG 15
IR . T, =[47.6,49.6,48.9] ,

1) X2 D R IR A IRERN LT
10% 474830 A3 8 )5 D% P, =[0.66,0.33,
0.418 ], I M D A #4705 FAHE R IR
D5 B R4 SR B8 T, =[48.3,50.6,49.9] ,

2) RS E RECk, b (H k=[11.67,
33.33,26.32];b=[40.6,39.6,38.9] .

3) FERRMEE AR B ARE, 3K A 254 0 B
B IFZRME. P =[1.02,0.372,0.441 ],

4) BB IE G PRAE A BROCEARL | {5 BT
BB IE 5 AR B R G 1E 5 2% 05 I R 1
7'=[50.9,52.4,51.27,

RRAIE TF J5 45254 2 T L B A o2 1 545 L
ZEULNT FE UL 3R 6 AR TG 1E FiT 5 45 2 F D SR AN L
T3 7 5 ARG IE 11 J5 45 4 1 3 T T B 1) Iy LM
S0 AR [ AT R 25X WL 8, N 8 ]
PIE SR X RO i RE IR 2 5, 45
FET I IR B AR L A A (R AR X R 25 1
BN, P R B R AR U, R TR Y
FHXT 1R 22 H1-9. 33% 18/NEI T =3. 05% |, 1fif HLAE AR
AUEIE RS R AT 17 2 WA BRTiH&E, N5 E T

SR T R AT PSR A T PR Al P R e 25 ke,
DA 3] TRE R

Fo6 RAUBERKRMNEBESHEEERI
Table 6 The comparison of the simulated values and the meas-

ured values after model updating

P B/ C PPTEE/C  AHRZE %

U, 52.5 50.9 -3.05
Uy, 52.0 52.4 0.77
U,, 50.5 51.2 1.39
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Table 7 The comparison of power before and after model updating

B IERT/ W BIFE/W
U,, 0.6 1.02
U, 0.3 0.372
U,, 0.38 0.441
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Table 8 The comparison of relative error of the simulated values

and the measured values before and after model updating

B 1ETT/ % BIEJR/ %
U,, -9.33 -3.05
Uy, -4.62 0.77
U, -3.17 1.39
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