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Equivalent Modeling of PCB for Dynamic Properties
Based on The Modal Test
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Abstract: It is difficult to establish a finite element model for a PCB owing to the complexity of the
internal structure of the substrate, the large variety of components, and irregular distribution. To solve these
issues, this article proposes the distribution and structural characteristics of the components on the main
processing board of a vehicle thermal imaging camera as an equivalent modeling method of PCB board
dynamic performance based on free modal test data. This method uses the original geometric size of the
substrate and the components are processed in different ways according to their physical properties and
distribution characteristics on the substrate. Finally, the quality of the equivalent model must be kept equal
to the actual model, and the free mode is used. The experimental data and least square method were used to
deduce the equivalent stiffness of the substrate and the calculation of Poisson's ratio, respectively. The
response curve of the main processing board was obtained through a sine frequency sweep test. The
damping ratio corresponding to the first two-order responses was calculated using the half-power
bandwidth method, and the damping ratio finite element analysis software was used to obtain the response
curve of the equivalent model numerical calculation. A comparison of the response curves shows that the
equivalent modeling method meets the actual engineering requirements and provides a reference for the
equivalent modeling of similar products.
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Fig.1 Main processing circuit board
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Table 1 Material parameters

Material Name Density p/(kg/m3)  Young’s modulus E/(X 10*°Pa)  Poisson’s ratio v
Metal Packaged Chips (x) 2100 3.9 0.12
Plastic packaged Chips (y) 1800 1.7 0.35
Connector (z) 2850 1.7 0.42
PCB Substrate (b) 3050 Eb b
Zone 1 8113 Eb o
Zone 2 7489 Eb b
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Fig.3 PCB with free boundary conditions
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Table 2 The first six-order modal frequencies of the main

processing board measured under the free boundary conditions

Mode Frequency/Hz Mode Frequency/Hz
Mode 1  105.299 Mode 4 268.954
Mode 2 145.354 Mode5 316.982
Mode 3  227.892 Mode 6  425.658
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Table 3  The first six modes of the main processing plate under the free boundary conditions of the experiment and numerical calculation

Mode

Frequency/Hz
Discrepancy/%

Test mode shape

Numerical mode shape

Numerical 1 vs Test 1

Numerical 2 vs Test 2

Numerical 3 vs Test 3

Numerical 4 vs Test 4

Numerical 5 vs Test 5

Numerical 6 vs Test 6

109.87 vs 105.299
4.34

135.95 vs 145.354
-6.47

236.54 vs 227.892
3.79

276.75 vs 268.954
2.90

314.32 vs 316.982
-0.84

428.93 vs 425.658
0.77

228



Fa4% FE3I3W Vol.44 No.3
202243 A TREESE . FET RS RIE 1Y PCB AR 45 M Bh 25 PE Bl I 5 2 i 4 Mar. 2022

M 3 ITUVEH HBEEST, BHEDN IRiER
HEFEA A A 5 VARA LL G, B T3 5006 45 SR A
Et, B7SBFE A AR AR R 22 55 6.47%. HLER 3
AL, BE TR AR IR MR & R, HkE
ARSI I A3 PR AT A HE S5 U T S H U 31

2 FALTEERBEAR IE 5% AR M B

NI A AR IR SRR S SRR I &
Kb T R B A S SR R R AR, O T A PEARPE 20 ROR
S TEATHABRSAL, JFSERT I LS
RXSEE.

FER AL FRACGHEAT IE52 PRI I, Sk 32 40 2E
PO IR 2 A 4 T E, R ARIE I Rk S
e FLIREN G REAT S, Ik A A B E Oy A
S0V N T S L P 1 SR o P VA W VA
BR 703 AT B A R S — B i 7 e KA Lo

—/
D o i|
o]
o Measuring point o

[ | ] |

K5 (LR R E R E A
Fig.5 Schematic diagram of sensor installation position
IRENE WA KA N 19, FASTEEDY 10~
1000 Hz, 4533 %A 1 oct/min, 38 7R AR 3 1F
FAF I s PR B B 26, sl 6 .
L 6 AT LA E A HUIRA T AT, fT
2 AL PR IO AR 3R, RS A5 0dE Bi Ak
BR % s AR A 500 HzIM21, [R]IH SR AT 794 B A3 5 3k
JESEPRER
FED AT RS Bl v, AT DU R 2 T Z7 58 ik Ak 1
B i 15 (1 L E
fil — fiz
i 2—f| (8)
e GRRE | R NI L iy fi TR
ZI RS NEE 2 Y2 b BEERAE, Hop fia>

fio, fir—fio MDA G, fi Rz HRIR

=

X1: 295 X2: 555 dX: 260

100

0

A12-05 g

T [Hz]

01

10 100 1000

6 e DI AR 3 v 2 ]
Fig.6 Vibration response curve of test points
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Fig.7 Equivalent model of constraint state of main processing

board
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