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Table 1  Probability distribution of the PCB parameters
Part Parameter Initial value Parameter Range
Elastic 70GPa Normal distribution
modulus £, N(70Gpa,3%)
Frome Poiisson 03 Uniform distribution,
ratio v, U(0.1,0.4)
Density 2700ke/m? Normal distribution,
o &M N (2700ke/m? ,200%)
Elastic 92GPa Normal distribution
modulus E, N(22Gpa,3?)
TR4 Po%ssun 0.13 Uniform distribution ,
substrate ratio v, U(0.1,0.4)
Density 1850kg/m’ Normal distribution,
P2 N(1800kg/m*,200%)
Elastic 29CPa Normal distribution
modulus £, N(40Gpa,3?)
Connecting Poisson 03 Uniform distribution,
plate ratio vy : U(0.1,0.4)
Density 1850ke/m’ Normal distribution,
P3 N(2700kg/m*,200%)
Elastic 196GPa Normal distribution
modulus £, N(196Gpa,3?)
Poisson Uniform distribution,
Bolt ratio v, 0.25 U(0.1,0.4)
Density 1850ke/m’ Normal distribution,
Py N(7810kg/m?*,200%)
Components Elastic Normal distribution
type A modulus Ej 16GPa N(16Gpa,3?)
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Table 1  Probability distribution of

the PCB parameters ( continued)

Part Parameter Initial value Parameter Range
Poisson 0.3 Uniform distribution,
Components ratio v ' U(0.1,0.4)
type A Density Normal distribution
2420kg/m’? 3 Ana
Ps N(2420kg/m>,200%)
Elastic 12GPa Normal distribution,
modulus E N(12Gpa,3?)
Components Poisson 0.25 Uniform distribution,
type B ratio vg U(0.1,0.4)
Density 5 Normal distribution,
Ps 2000kg/m” 2000kg/m? ,200%)
Sensor Mass m, 7.5¢ Uniform distribution

U(0.1,0.4)
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Fig. 5 Three dimensional histogram of the relationships among

sensitivity factor, eigenvalues and material parameters for the PCB
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Fig. 6 Convergence curve of the objective function J for the PCB
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Table 2  Updated parameter values of every parts in the PCBA

Elastic modulus Poissonratio Density
Part E/GPa v p/ (kg/m*®)

Original Updated Original Updated Original Updated

Frame 70 64274 030 0317 2700 3520
FR4
R 2 27733 013 0.0 1850 3390
substrate
Connecting 40 90 030 0313 2700 2770
plate
Components 10051 030 0291 2420 1500
type B
Components ) 9000 025 0250 2000 4990
type A
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Table 3 Comparison of natural frequencies for the PCBA

before and after model updating

Mode  Test results  Original

No. /Hz /Hz Error /Hz Error
1 377.478  466.01 23.45% 37775  0.07%
2 575.187  649.85  12.98%  572.88  —-0.40%
3 986.146  1138.4  15.44%  1002.6  1.67%
4 1108.264  1317.4  18.87%  1094.0  —1.29%

(a) 1 ety
(a) The 1t mode

(b) 2 irfhe i
(b) The 22 mode

(c) 3 Bir it
(c) The 3 mode

(d) 4 Ffrhe i
(d) The 4™ mode
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Fig. 7 Comparison of updated modes (left) and

the modes from test results (right)
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Fig. 8 MAC values based on ANSYS results and

experimental results before and after updating
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Table 4 Comparison of the natural frequencies from
the updated ANSYS model and experimental results

under four-point constraint for PCBA

Experimental ANSYS Diagonal
Mode )

N frequency frequency Error MAC

o (Hz) (Hz) Value
1 454.459 445.68 -1.93% 93.18%
2 867.829 885.57 2.04% 88.23%
3 974.116 994.93 2.14% 79.52%
4 1445.994 1526.63 5.58% 71.25%
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A REFINED APPROACH FOR DYNAMIC MODELING OF A PRINTED
CURCUITED BOARD ASSEMBLY BASED ON OPTIMIZATION DESIGN

Wang Yilong' Li Jing' Zhao Xuemei’ Cao Dengqing'’
(1.The School of Astronautics, Harbin Institute of Technology, Harbin 150001, China)
(2.China Academy of Launch Vehicle Technology, Beijing 100076, China)

Abstract Setting the modal test results as the object parameters, a refining approach for the dynamical modeling
of a bolted printed circuit board assembly ( BPCBA) is proposed in this paper based on ANSYS optimization de-
sign. Firstly, the sensitivities of the eigenvalues of a BPCBA to material parameters are calculated by using proba-
bilistic design system (PDS) through ANSYS software. Secondly, according to the results of sensitivity analysis
and the modeling error around the area of bolted connection, the material parameters of the BPCBA model are
modified by using ANSYS optimization design method. Finally, the validity of the updated parameters are verified
by comparing the natural frequencies of the BPCBA at different boundary conditions. The result shows that the ac-
curacy of the model is significantly improved by optimization design method based on sensitivity analysis and mod-

eling error.

Key words printed circuit board assembly, sensitivity analysis, optimization design, parameter modifica-

tion, dynamic modeling
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