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Free vibration of a PCB rectangular thin plate
with 4-side clamped support under thermal environment
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Abstract :

clamped support. Based on the small deflection theory, the free vibration differential equation of a rectangular thin plate

PCB board in SMT ( surface mount technology) can be simplified as a rectangular thin plate with 4-side

subjected to thermal load was derived. The differential equation showed that the thermal load applied on the PCB thin
plate is equivalent to a uniform in-plane tension of the plate, so the clamped plate vibration under thermal environment can
be converted into a clamped thin plate vibration with uniform in-plane tension. Using the virtual displacement theory, the
methods to calculate natural frequencies and deflections of the plate were presented. The influences of geometric size and
temperature on the natural frequencies of the plate were discussed. Some valuable conclusions were drawn.
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Fig. 1 model of PCB thin plate
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Fig. 2 Simplified model of PCB thin

plate with completed clamped support
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Fig. 3 Frequency-temperature curve of thin plate
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Fig. 4 Frequency curve of thin plate with different side length

5 & it

AR SCHE PCB A ] £k Ay Y 3 ] S ) 608 A, HE-
TARERIER DU 3 SRR AR 9 B PR S o T R
R PRI O [ S AR R 3l ) R 48 Ay 2 THT P 49 417 K
D18 SRR Bl R) i A kA% SRR, A T
AT DU [ 2 PCB AR B iR sl [ A SR B B (E
75

F A AR T3 05 %, 1Hie T R IR AR
LT RSE %) PCB AR JE AR A Hi I 3l 15 A 45 4 1 52
M o BV AR Ik B T i A 30 3 G 0 2 R P AR il B2
BT I T A 2 e T o T 7 T SRR [ A7 0 4% i .
MR ARG DT T B, 7E 0 1 B IR I — ), A2 Ak
TS, AR A g T EER A AR PCB Al
FERRET AR B 434 LA S A R i AR S %

& % X o
[ 1] Xu Z, Carlson K, Kurschner R, et al. An integrated
methodology for surface mount PCB configuration [ J .
Computers & industrial engineering, 1998, 35(1) : 53 - 56.
(2] oINS, #EL, MR BrEREAREREREL)].

HEIRFE AR, 2009, 34(2): 113 - 118.

FU Yue-peng, TAN Kai, TIAN Min-bo. Recent development

of electronic packaging technology [ J]. Semiconductor
Technology, 2009, 34(2) . 113 - 118.

(3] X057, dt, E3C BRMHGE S TCHT AR s BERLAR 31 R L5
[1]. Esh5uhd, 2011, 30(6) : 269 -271.

LIU Fang, MENG Guang, WANG Wen. Failure of BGA
lead-free solder joints under random vibration loading [ J].
Journal of Vibration and Shock, 2011, 30(6) : 269 —271.

[ 4] Chai F, Osterman M. BGA solder life prediction under
combined power and temperature cycling condition[ C]. 45th
Annual International Symposium on Microelectronics, 2012 ;
531 -534.

[ 5] Liu X, Sooklal V K, Verges M A, et al. Experimental study
and life prediction on high cycle vibration fatigue in BGA
packages [ J]. Microelectronics Reliability, 2006, 46 (7) :
1128 - 1138.

[ 6 ] Wong S F, Malatkar P, Pick C, et al. Vibration testing and
analysis of ball grid array package solder joints [ C ].
Electronic Components and Technology Conference, 57th.
2007 :373 -380.

(7] R4koc, TR Hegoh 3R SRS & Fe v 20 i 5 0F 50

[J]. HFHURCTRR, 2007, 23(6) : 4 -7.
ZHU Ji-yuan, ZHOU De-jian. Study and analysis of thermal
vibration coupling characteristics of board level circuit
modules [ J]. Electro-mechanical engineering, 2007, 23
(6):4-7.

[ 8] Barker D, Vodzak J, Dasgupta A, et al. Combined
vibrational and thermal solder joint fatigue: A generalized
strain versus life approach [ J]. Journal of Electronic
Packaging, 1990, 112; 129.

[ 9] Basaran C, Chandaroy R. Thermomechanical analysis of
solder joints under thermal and vibrational loading [ J].
Transactions-American Society of Mechanical Engineers
Journal of Electronic Packaging,2002, 124(1) . 60 —66.

[10] XBET. S IRENIR G 15 T SRR M4 51 225 rh 42 i
AAEPEMATID ] B AT MRS IR R, 2011

(I1] whol, S/0NE, TR SR M]. dbat: Bl

HBRAL, 2002.

[12] o2k, Futsl. (M) Jb: REHE R
1, 1993.

[13] FEueA:, Flokid, 225 PG T KA IR SR 1 AT 1) SR
A dEIRESN[J]. BIRIE Tl K% 223, 2009(6): 174
-178.

CHENG Xuan-sheng, DU Yong-feng, LI Hui. Vibration of
reinforced concrete rectangular plate subjected to thermal
loading condition with simply supported boundary conditions
[J]. Journal of Harbin Institute of Technology, 2009 (6) .
174 - 178.

[14] Repery, kg, 2258, IABRSE T IR BE A WAE S
Mo ERdRENT]. Rsh S nid, 2007, 26(2) : 43 -47.
CHENG Xuan-sheng, DU Yong-feng, LI Hui. Vibration of
concrete rectangular thin plate subjected to thermal
environment with simply supported edges on elastic foundation
[J]. Journal of Vibration Shock, 2007, 26(2) : 43 —47.

[IS] skAm . SR p (20 — ) [M]. Jbat: e

#, 1984.
[16] =M. SPEIEEARs [ M]. JtoC J Ed@5 Tl
Jkt , 1983.

[17] ZEEHE. PBGA LHVEER B Z5 nl Stk A T/ [ D].
B F A A LR KA, 2010.



