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Y. 2R
oy w : w 3
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B R B AR
E, (GPa) 15.16 15.13 14.81
E,=E
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(GPa)
G,y (GPa) 5.57 5.32 5.20
G, =G
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Vi =Vy 0.32
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K % i ]
16x10°
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4e é‘n BB 1
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G,y (GPa) | 7.99 7.50 6.68
Vi 0.23
p(kg/m®) 3125
ERUE B 0.84
(w/mx°K) ‘
FUBE % B ]
9.23x10"
(1/°K) )

B¥Y Rk PCB »pd j§?~ £ BT R R A
17 BBERSATET PCB EAAS H2Z 253 »#



$44 B

PR RRR R 1RSI A EAS Y EAR-00%& 2 221 )

The 19™ National Conference on Sound and Vibration, Dacun, Changhua, June 25, 2011

Me4 HAt5 0 18 PCB 2 #1 %752 £ k4 > FHEAR
Bl 3A% 5 PCBEse# g PCBZ et f i
MM S R G E S £ (Solid70)> ¥ 2% % PCB # W% %
#ic 0=16x10°  (1/°K ) > # @& ® % ¥k i
19.27( Wimx °K ) 5 4c £ & % #0089 % #ic 0=9.23x10°
(1/°K) > # @ adics 084 (WImx°K)e ~ % A 3 f
BRI AT TR RFAITE BR AL S L EfE
R R Et e B R R SRR RRER A
PCBZL4E,§%‘: 1%mfjﬂ§‘}/ll§}’: I\E?T/n‘)ii
#ih k #ch, =48(WIm?x °K) o fe g. B R R
5 0 PCB 7 deftdh ¥ K %;a’%ﬁiszif ‘s miﬂ s #4
AL AR ETERALF SRR -

d 2% PCB>pd FRERFAITE > Gd BR
Fadr g hu i I HEY AT rE RS FL T
MAZHA2Z A FEY ZAL IR RS F o
R AE LA S A (Solidds) s £z aFE
~%(MASS21)% % 8 B & ~ % & BHRT FheiE &
PR A F AR SES AT RS B
AR Fl2pd ERERERR TP A o A
B EREA EAY FAD EREAEEF A 2
FEATHRZRERE S VEIHRARSEI AR 0 F R
FRAFL PV EEFEREBERG 2 {BE AT o

23PCB*p d #RHA%E

B PR A TR § TR A 478 PCB g (7

B 0 F F R AT xﬂ“J PCB 1 "# %2 G
o F5d FAAE A7 PCB k2 i 48
R HE LGS KR RiE(T PCB T p 4 B R A%
oS EtmAeT

1. #25% PCB%“gr’Eﬁ‘L‘ﬁf“HE"'Ji;%’d Z¢ T

WERF A S B MAC B & 07 0 0 R A LT
BRI SR R R Y R LT A
gm‘p" [

2. %35 PCB* A d #Rh2 WSt didw
MELERTIEMAE LG iy ab%p ;R

CR-SUE SRR 5 W) N L

700Hz mmt $Hp g w= & > @ A 5 T00Hz {50 5
L o R AAEFRIARF > L ukHET T
AR BCR Bt R

3. 45 % PCB*pd Rz WIS

TR O R R RBS Y E R

j"‘#&*‘? 1> A:&?.%Err%? B 4F o

d Skx ¥z PCB*tpd R+ /LA 2 HA > ww

IR PCB R AT 2 A% -

20d A0
RN

»

a4 %%W;}ﬁﬁ"ﬁpgﬁ’g J.?F:?-%fg

Chinese Society of Sound and Vibration

% 2PCB - p d 8% T iR 4 4

(a) # £ 2/
mode FEAshape mode EMAs\hape WS
F-01 “ eo1 | Wy | o83
Fo2 | g | E02 m 0.72
F-03 | ONg | E03 “ | 0.81
Fos | 0% | e - 0.38
Fos | DXy | eos @ 0.49
F-06 : o5 | ERT | 0.82
F-07 m e07 | Tl | 0.80
F-08 ﬁ E-08 u | 0.72
(b)#s ~ T & 5.3V(75°C)
mode FEAs\hape mode EM/Z\hape MAC
F-01 ﬁ ol | R | oe2
F-02 ‘l?/ o2 | i | on
F03 | ONN | E03 " 0.81
F-04 YR eos | I | 040
F-05 m E05 | S | 046
F-06 t, E-06 B oz
F-07 m E-07 | M | oss
F-08 ﬁ E-08 Bl | o5
F-09 }tﬂ oo | []) | 077
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(C) # » T & 6.7V(100C)

% 3PCBp d R T WA it ()

(b)# » /& 5.3V

47 & | = 2

e [PR pg| F RS iy

(H2) H2) oy | (o)

F-01| 131.76 |E-01 | 131.38 | 0.29 | 1.040
F-02 | 160.66 | E-02 | 153.47 | 4.68 | 1.880
F-03 | 311.06 [E-03| 3119 |[-0.27| 0.929
F-04 | 429.90 | E-04 | 419.09 | 2.57 | 0.032
F-05| 45226 [E-05| 46391 |-251 | 1.160
F-06 | 536.71 | E-06 | 558.89 |-3.97| 0.921
F-07 | 637.13 | E-O7 | 611.93 | 412 | 0.165
F-08 | 813.19 |E-08| 778.15 | 4.50 | 0.138
F-09 | 856.11 | E-09 | 874.75 |-2.13] 0.665

(C)¥5 » T B 6.7V

2 4F @y | RS | WRE

H i Tﬁ"‘(ﬁ’z“’ Wi | " ’fif)‘ﬂ FA | oo

(o) | (%)

F-01 | 128.47 |E-01| 128.02 | 0.35 | 0.779
F-02 | 156.80 | E-02| 149.03 |5.21 | 1.530
F-03 | 306.04 | E-03| 308.45 |[-0.78 | 0.690
F-04 | 42655 |E-04| 42450 | 0.48 | 1.340
F-05| 44580 |E-05| 461.79 |-3.46| 1.730
F-06 | 531.05 | E-06| 559.76 |-5.13| 1.840
F-07 | 632.87 |E-07| 600.16 | 5.45 | 0.769
F-08 | 80526 | E-08 | 765.47 | 4.81 | 2.550
F-09 | 846.01 |E-09| 877.56 |-3.60 | 1.450

FEA EMA
mode shape mode shape MAC
F-01 ;“b_ o1 Y | o7
ro2 | g |02 | P | oss

AN T s
F-03 M 03 | [ | o7

= _
Fos | PR |E0s | IR | 036
Fos | DXy | E0s | [ | 043
oo | S | E06 | o
F-07 ‘,ﬂ e07 | el | o8t
F-08 & e0s | [l | 052
Foo | P | E09 Y | os2

% 3PCB A d R T A e A
()& e
. TEAETYn
A s = ook

s | = e TR | e
(%) | (%)
FOL| 13646 |EOL| 137.66 |-0.87] 0.618
F02 | 16561 |E02| 160.15 |3.41 | 0.730
F03 | 32029 |E03| 32256 |-0.70] 1.110
F04 | 43450 |E04| 44391 |-2.09| 0.409
F05| 45732 |E05| 466.45 |-1.96 0.544
F06 | 54140 |E06| 56116 |-352] 0.573
F07 | 64878 |EO7| 62230 | 426 ] 0.522
F08 | 82245 |E08| 798.02 |3.06 | 0.697
F09 | 86147 |E09| 879.89 |-2.93] 0.349
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% 6PCB * H g 7 2 {3l i &

(a) & # 7l

% 6PCB* F 2 A ™ 2 Hii 4R 8% (F)
(C) # » T & 6.7V(100C)

mode FEAshape mode EMéhape MAC
For | W@y [Eor | EE] | oss
Fo2 | IS [ E02 | [Nl | oot
Fo3 | Ui [E03 | T | oss
Foa | DN | T
Fos | D [ E0s JIK | o032
Fos | MO [Eos | | ose
Fo7 | M= | E06 | Md | 026
Fos | g [E07 | D | 0.73

% TPCB*t A if % = i 48 £

mode I:Eps‘hape mode EI\/Ilz\hape MAC
ror | Dy [eor | AR | oce
roz | IS | E02 | N | 09
Fo3 | DT | E03 ¥ﬂ_'.§ 0.96
Fo4 | DN — — —

Fos | X | E-04 ' 0.83
Fos | Mg | Eos | M | o7
Fo7 | IS E-06 m 0.71
ros | KXy [Eor | DN | o5

(b)# » % & 5.3V(75C)

mode FEAs\hape mode E'\/I'A‘::hape MAC
For | Ny | EO1 & BRI
Fo2 | Bsg | E02 | [l | oss
Fo3 | Mgz | E03 | ST | 073
Fos4 | D% | E-04 E 0.50
Fos | g | Eos | K | o7
Fos | DOg | B0 | [ | 0.71
Fo7 | | o7 | [ | oss
Fo8 | [y | E-08 0.69
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(a) & #
I EEER B PR b e
in i (H2) s (H2) A | R
(%) | (%)
F-01 | 190.80 |E-01| 190.79 [0.005| 1.100
F-02 | 313.69 |E-02| 307.30 | 2.08 | 0.764
F-03 | 470.17 |E-03| 487.13 |-3.48| 1.030
F-04 | 486.93 — — — —
F-05 | 589.90 |E-04| 596.30 |-1.07| 1.100
F-06 | 689.72 [E-05| 701.25 [-1.64] 1.090
F-07 | 758.76 [E-06| 754.34 |[0.59 | 0.494
F-08 | 959.63 |E-07| 1004.6 |-4.48] 0.921
(b)#is » 7 & 5.3V
#E & | = 2
MECTEE U EETEE N el
(Hz) (Hz) (%) (%)
F-01| 189.74 |E-01| 18330 | 351 | 0.825
F-02| 308.03 |[E-02| 306.17 | 0.61 | 0.807
F-03| 49276 |E-03| 507.79 |-2.96 | 1.400
F-04| 51241 |E-04| 536.39 |-4.47 | 3.210
F-05| 59133 |E-05| 649.16 |-8.91| 3.780
F-06 | 68525 |E-06| 69579 |-1.51| 1.710
F-07| 76270 |E-07| 747.46 | 2.04 | 1.310
F-08| 95643 |E-08| 986.94 |-3.09| 1.210
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% TPCB* A RE h T HA S A
Q) » £ 8 6.7V

()

e e | R R R
ol | S g A i | ro
F-01 | 185.10 |E-01 | 186.21 |-0.60| 0.714
F-02 | 30792 |E-02| 303.48 | 1.46 | 0.838
F-03 | 448.11 |E-03| 465.81 |-3.80| 1.730
F-04 | 455.83 — — — —
F-05 | 569.61 |E-04 615.40 |-7.38| 4.770
F-06 | 673.10 |E-05| 666.03 | 1.06 | 0.718
F-07 | 739.46 |E-06| 72563 |191] 1.260
F-08 | 947.16 |E-07| 989.19 |-4.23] 1.390

NIPJ

% 8PCB »t FH @ B 2 #f F B S i &

()& #2e

70000

1000

Amplitude (g/N)

Frequency (Hz)

0 200 400 600 800 1000

(b)# ~ % & 5.3V(75C)

Amplitude (g/N)

Frequency (Hz)

0 200 400 600 800 1000

(C)ds » T B 6.7V(100°C)

Amplitude (g/N)

Frequency (Hz)

0 200 400 600 800 1000
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ABSTRACT

Coupling effects of vibration excitation and thermal
loadings on printed circuit board (PCB) are of interest.
This work studies the new design of PCB with four
heating ICs in simulating the thermal effects. The finite
element model of PCB is constructed to perform
theoretical modal analysis and verified by experimental
modal analysis (EMA). The PCB in both free and fixed
boundary conditions are, respectively, considered to
identify their modal characteristics. The PCB model with
thermal and vibration effects is studied and verified
through analytical and experimental approaches. The
verification of PCB FEmodel can be completed and used
for further response prediction, in particular for the PCB
subjected to random vibration and thermal loadings.

Keywords : PCB, heating ICs, thermal effect,

experimental modal analysis, finite element
analysis
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