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Vibration Modal Analysis and
Verification of Printed Circuit Board
with Thermal Effect

Bor-Tsuen Wang®, Fu-Xiang Hsu?
Yi-Shao Lai®, Chang-Lin Yeh® ,Ying-Chih Li?
Professor
’Graduate student
L2Department of Mechanical Engineering
National Pingtung University of Science and
Technology

SASE GROUP Kaohsiung Stress-Reliability
Lab

ABSTRACT

This work applies finite element analysis (FEA) and
experimental modal analysis (EMA) to perform model
verification of a printed circuit board (PCB) with and
without thermal effects. First, the model verification of
free boundary PCB structures, including the PCB, the PCB
with the attached heating pad without heating and with
heating, is carried out to validate the analytical FE model.
The fixed boundary PCB is then considered for model
verification. The PCB with the thermal heating at different
levels is investigated to discuss the difference of vibration
modal properties and verified the spring constants at the
fixed boundaries. Results show that for the PCB in the
fixed boundary subject to the heating thermal effect, the
structural natural frequencies generally increase. The
analytical and experimental mode shapes match very well.
The FE model with the thermal effect is experimentally
verified and can be adopted for the verification analysis in
comparison to random vibration tests in the future.
Keywords: Printed circuit board (PCB), thermal analysis,
modal analysis, modal parameter
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3 0754 0899 1139 1.075 0433 0812
4 0299 0749 0595 0.955 114 0894
5 1.01 08 1279 1019 0497 0814
6 0.56 0750 0527 0537 1.024 0849
7 0394 0708 1468 1013 0427 0789
8 0551 07 0542 0.954 0752 0784
9 0332 066 0956 0.954 1184 0829
10 | 0406 0834 0961 0.957 0903 0836
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L7 PCBY* HALE R 7t it § 5 p A5 A

PCB fg 2.4 # 22 PCBﬁzﬁK%,ﬁm PCB#&Z%%%E&F{#
86 2 ik R ERE ik R EE
1= 10V(75 ¢) 15V({125 ¢)
£ #w | ER %z Hw | Tw | BE£ | #w | TR "
m|E | BmF 56) A | EE | (%) | HE | EHE %)
(Hz) | (Hz) (Hz) | {Hz) (Hz) | (Hz)
1 | 169.05 | 162.99 | 3.71 | 158.04 | 152.5 | 3.60 | 142.17| 13622 | 4.36
2 | 285.94 | 287.93 | -0.69 | 281.1 | 280.49 | 0.19 |269.17 | 276.48 | -2.64
3 47311 | 447.71 | 5.67 | 445.16 | 436.13 | 2.04 | 408.69 | 419.55 | -2.58
4 | 52604 | 514 | 234 | 512.96 | 50923 | 0.70 | 489.5 | 524.43 | -6.66
5 | 626.41 | 630.71 | -0.68 | 595.8 - - 546.83 - -
6 | 633.28 - - | 603.62|622.84 | -3.11 | 567.59 | 620.95 | 8.59
7 | 760.36 | 756.47 | 0.51 | 748.24 | 76037 | -1.62 | 719.86 | 760.44 | -5.33
8 |992.88 | 1012.5 | -1.93 | 957.95 | 1049.5 | -8.74 | 894.15 | 975.68 | -8.35
9 |1015.1 | 1070.7 | -5.19 | 968.5 - - | 914.71| 1048.6 | -12.76
10 | 1201.4 | 1244.6 | -3.47 | 1127.3 | 1257.2 | -10.37 | 1033.1 - -
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PCB #g2 3 £ 8 96 ft PCB #r 2 3 # f# 8L if
PCBirzt 4 3 :
Fu i R #EE poi R ERE
BE Ao A
10V(75 ¢) 15V(125 ¢)
B | FmE | THTHE
Feian | FHTHE0N | THEL | THPHEd)
i i3 (%)
1 0.736 0.736 0.66 0.66 0.867 0.867
2 0.667 0.701 1.218 0.939 1.196 1.031
3 1.29 0.897 1.271 1.049 0.96 1.007
4 0.753 0.861 0.939 1.022 0.763 0.946
5 | 0779 0.845 1.047 1.027 0.769 0.911
5 | 0.803 0.838 0315 0.908 0.429 0.830
7| 108 0.872 0.424 0.839 0.564 0.792
8 | 1.78 0.986 0.302 0.772 0.469 0.752
9 1.1 0.998 0.473 0.738 0.5 0.724
10| 0.729 0.971 0.015 0.666 0.015 0.653

= PEARER SRS 1RS¢
== Chinese Society of Sound and Vibration
166




LR FARRR AR I RSFHE AP HRS ¢ EARL S A ES D 2]
The 17" National Conference on Sound and Vibration, Taipei, June 6, 2009

] - .N. pr—, L

(a)PCB (b)PCB 47 pLFif4c £t 7

(C)PCB 4% #lin Bl (d) PCB 4 Rkt +c £ # Ik ]
M1+ PCB {2 PCB >0 4t AR RE 4 £ % 7 1. W

otk

9
00000 0 040000
0

000000.0000003300000
0

3zz’ﬂ
() £ iR 7 X W (b) £ ir] 2-4R. 3] )
Bl 2~ &R R EAF T & R

q
0Do00O0O0

©ooegoooo]

HEM

cocooocoecooon
o© o

coo

0
0

() 4L (b) ®l-% B
Bl 3 PCB frpbrit4c#t # 2 H 2 B
23 RAFET LR

B 4~ PCB{mpbrif4e i ¥t R R b 2 F %R BRI K

é PEARER SRS 1RS¢
—— Chinese Society of Sound and Vibration
167



	摘要
	1. 前言
	2. PCB板於自由邊界下有無受熱之模型驗證與模態特性比較
	3. PCB板於固定邊界下有無受熱之模型驗證與模態特性比較
	4. 結論
	5. 參考文獻


	ABSTRACT

