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Abstract

In this study a methodology to evaluate fatigue life of the electronic parts for the fighter radar unit under
random vibration loading is presented. To do this, one parameter for the 3-c RMS quation of Steinberg fatigue
model is modified to come up with a printed circuit board(PCB) with multiple electronic parts, while fundamental
frequency and dynamic deflection of the PCB are calculated from a MATLAB based finite element computer code.
For the RIFA structure selected in this study, the 3-c RMS fatigue limit displacement is reduced to 0.741 times
as much as the Steinberg model. This investigation allows to assess the life of multiple electronic parts mounted

on the PCB with reinforced metal cover/body showing non-sinusoidal deflection patterns.
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Fig. 1. Steinberg fatigue model with electrical part
connection type and PCB physical parameters

Table 1. Parameters of Steinberg’s fatigue limit

equation
Var. Description
v Maximum relative displacement
3o, lim of the PCB, mm
B Length (half wave) of PCB edge parallel

to part, mm

C Constant for different types of electronic parts

Length of electronic part, mm

h Height or thickness of PCB, mm

r Relative position factor for part on PCB
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Table 2. Material properties for finite element analysis

Material Young’s mod. | Poisson | Density
(GPa) ratio (ka/m®)
Al6061-T6™ 68.3 0.330 2,700
PCB FR-4!"" 23.0 0.155 1,850
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Fig. 4. Random vibration input spectrum profile
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Table 3.1 Comparison of theory with present solution

(SSSS)

Theory Present study
Max.
ltem | Natural | 1g Static | Natural | 1g Static | error
Fregency | Deflection |Fregency| Deflection | (%)

(Hz) (m) (Hz) (m)
Cover | 280.8 |4.9381x10°| 280.8 |4.9317x10°| 0.1
PCB | 262.5 |56517x10°| 262.5 |5.6464x10°| 0.0
Body | 561.6 |12345x10°| 35612 |1.2346x10%| 0.1

Table 3.2 Comparison of theory with present solution

(CSCs)
Theory Present study
Max.
ltem | Natural | 1g Static | Natural | 1g Static | error
Fregency | Deflection |Fregency| Deflection | (%)
(Hz) (m) (Hz) (m)
Cover | 344.1 |3.5441x10°| 3363 |3.5239x10°| 2.3
PCB | 3217 |4.0563x10°| 3142 |4.0360x10°| 2.3
Body | 6882 |8.8602x107| 671.5 |8.8334x107| 24
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Table 4. Input and response RMS value for SDOF
model of RIFA structure(f, = 369 Hz, & =

0.013)
ltem Input RMS(g) | Response RMS(g)
Endurance 8.1 333
Performance 7.1 28.9

Table 5. Relative deflections of electronic parts on
PCB for 1 g dynamic load and 30
acceleration load

Part|Comp.| Grid |x-coord |z-coord | ¥},4n. Y;,
No | type |[number| (m) (m) | (x10®m) | (x10™*m)

1 | BGA | 3932 | 0.1415 | 0.0644 | 1.3952 | 1.3927

21 | BGA | 2931 | 0.1373 | 0.1191 | 0.4815 | 0.4856

22 | BGA | 2991 | 0.1802 | 0.1164 | 1.3442 | 1.3417

23 | BGA | 3491 | 0.1802 | 0.0890 | 0.8806 | 0.8790

24 | BGA | 4091 | 0.1802 | 0.0562 | 0.7735 | 0.7721

31 | BGA | 3480 | 0.1330 | 0.0890 | 1.1324 | 1.1303

32 | BGA | 3482 | 01415 | 0.0890 | 1.1457 | 1.1436

41 | DIP | 4583 | 0.1458 | 0.0289 | 0.5327 | 0.5317
42 | DIP | 4588 | 0.1673 | 0.0289 | 0.3724 | 0.3717
43 | DIP | 4882 | 0.1415 | 0.0125 | 0.1292 | 0.1290
44 | DIP | 4887 | 0.1630 | 0.0125 | 0.1015 | 0.1014
5 | SSD - - - - -

6 | DIP | 2825 | 0.1115 | 0.1246 | 0.9258 | 0.9241
7 | DIP | 4675 | 0.1115 | 0.0207 | 0.5898 | 0.5887
8 | BGA | 4722 | 0.0986 | 0.0207 | 1.1245 | 1.1225
9 | DIP | 4420 | 0.0900 | 0.0371 | 1.3354 | 1.3329
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Table 6. 3o fatigue limit, Y of electronic parts

30, lim
on PCB(h =2 mm, N, g = 1.33 X 10°
cycles)
Pat| B |[Type | L | Rel. |Wave | Ys jim!| Maowae
No | (mm) | Coeff. |(mm)| pos. r| No. | (mm) | (cycles)
1 | 1340 | 1.75 | 27.0 | 1.000 | 1.35 | 0.1537 | 3.75E+07
21 | 1340 | 1.75 | 15.0 | 1.000 | 1.29 | 0.2158 | 2.98E+09
22 (1340 | 1.75 | 15.0 | 1.000 | 1.00 | 0.2784 | 2.13E+09
23 (1340 | 1.75 | 15.0 | 1.000 | 1.02 | 0.2729 | 2.81E+10
24 | 1340 | 1.75 | 150 | 1.000 | 1.02 | 0.2729 | 6.46E+10
31 [ 1340 | 1.75 | 41.0 | 1.000 | 1.30 | 0.1295 | 4.78E+07
32 (1340 | 1.75 | 41.0 | 1.000 | 1.10 | 0.1531 | 1.29E+08
4112103 | 1.00 | 83| 0.707 | 1.44 | 1.0095 | 3.04E+15
4212103 1.00 | 83| 0.707 | 1.44 | 1.0095 | 3.00E+16
4312103 1.00 | 83| 0.707 | 1.44 | 1.0095 | 2.63E+19
4412103 | 1.00 | 83| 0.707 | 1.44 | 1.0095 | 1.23E+20
5 - - - - - - -
6 | 1340 | 1.00 | 16.0 | 0.707 | 1.20 | 0.5560 | 1.94E+12
7 | 1340 | 1.00 | 10.0 | 0.707 | 1.18 | 0.7213 | 1.84E+14
8 | 1340 | 175 | 1121 0.707 | 1.53 | 0.4211 | 9.46E+10
9 [ 1340 1.00 | 83 0.707 | 1.75 | 0.5293 | 1.36E+11
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