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Fig. 1 Schematic of simulated surface mount

technology (SMT) solder joint

4555500, 364 A58, 418 M A

A PR ICBUE R A 0 7 H AR et A BR o 7
L MARC7. 0, BiJGAbEEFE 70 MENTAT3. 1, fif
PEIASE A Sunr Ultral TAESY . 75 A R (84 kHE
RESHUR TR 1. B&ESF 8RS IR S 3 H
JEFRPEARTE, bR IR AR A IR AR iR T TR P #A AR
EMERLF, —BAEA RGP AL BIL T 55
ISR SRS L PRl 4 A K O R SR IR I %
& IS A A 4 F16 0 7 1 8 R s T 16 5K 140 388 1 o2 38 PR K
IAPEAR AR, R WA 2% i AR 5 IR AR A8 BAE
H; H2HN ) —NAR K RWT:

&= &+ G+ € (1)
e g R AR R

wl _ d, 1+ U 2

g = 1 E % F %) (2)

[TEEBEN S F(1972- ), 9, LWk,



5510 B2 3 ) o g, S RS SN N ) — N AR R T ) * 405 -
L—— _._‘_..L
S W U G — L1
X
AN

2 RN BRI

Sk Y AT R T R

Fig.2 Two-dimensional finite element model of SMT solder joint
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Table 1 Material parameters used in
FEM calculation

Materil ~ T/K  E/MPa v otk , ”\;’»‘Pa
131000 0.3
293 5.4
Ceramic 316 6.6
(ALO3) 349 7.4
411 8.5
473 9.2
FR-4 22000 0.28  18.0
218 47966  0.3516  24.1 43.20
238 46892 0.3540  24.6 37.51
258 45779 0.3565  25.0 32.05
278 44377 0.3600  25.2 29. 86
Sn60Ph40
295 43251  0.3628  25.4 29. 10
solder alloy
323 41334 0.3650  26.1 22.96
348 39445 0.3700  26.7 17. 40
373 36854 0.3774  27.3 12.31
398 34568  0.3839  27.9 9.35
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Fig. 4 Equivalent stress (a) and inelastic strain history (b) in SMT solder joint
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Fig. 5 Shear stressstrain curve in

solder joint showing ratchetting behavior
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Fig. 6 Equivalent stress distribution in solder joint at different stages during 5th temperature cycle (M Pa)
(a) —At point A ; (b) —At point B; (¢) —At point C; (d) —At point D; (e) —At point E
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Fig. 7 Cumulative equivalent plastic strain distribution in solder joint at different stages during 5th temp. cycle

(a) —At point A; (b) —At point B; (c¢) —At point D
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Fig. 8 Shear stress distribution in solder joint at different stages during 5th temperature cycle (M Pa)
(a) —At point A ; (b) —At point B; (¢) —At point C; (d) —At point D; (e) —At point E
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Fig. 9 Shear strain distribution in solder joint at different stages during 5th temperature cycle

(a) —At point A ; (b) —At point B; (¢) —At point C; (d) —At point D; (e) —At point E
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Finite element analysis of stress-strain distribution

characteristics in SMT solder joints ( ] )

—Dynamic feature of stress-strain field distribution

MA Xin', QIAN Yryu', F. Yoshida®
(1. National Key Laboratory of Welding, Harbin Institute of Technology, Harbin 150001, P. R. China;
2. Department of Mechanical Engineering, Hiroshima University, Higashi-Hiroshima, 739, Japan)

[ Abstract] Based on the real service conditions of surface mount solder joints, the finite element numerical simulation was made in
order to get the feature of stress strain distribution in the solder joints under temperature cycling. Analysis results show that tempera-
ture cycling leads to stress cycling and the later leads to thermal ratchetting effect and the accumulation of inelastic strain. Further
more, stress-strain distribution in the solder joints has dynamic feature during temperature cycling and is related to temperature histo-
ry.

[ Key words] temperature cycling load; surface mount solder joints; stress strain field; dynamic feature; finite element numerical

simulation
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