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Abstract: In this study, we propose a method for predicting the mechanical properties of the printed circuit board (PCB)
that has transversely isotropic characteristics. Unlike the isotropic material, there is no specific test standard for
acquisition of the transversely isotropic properties. In addition, common material test methods are not readily applicable
to that type of laminated thin plate. Utilizing the natural frequency obtained by a modal test and the sizing optimization
technique provided in OptiStruct”, the mechanical properties of a PCB were derived to minimize the difference
between test and analysis results. In addition, the validity of the predicted mechanical properties was confirmed by the
MAC (Modal Assurance Criteria) value of each of the compared mode shapes. This proposed approach is expected to
be extended to the structural analysis for the design verification of the top product that includes a PCB.
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Table 1 Natural frequencies and mode shapes of the PCB

Order Natural frequency Mode shape
™ 138 Hz 1* Torsion mode
2nd 143 Hz 1* Bending mode
3 334 Hz 2" Torsion mode
4t 398 Hz 2" Bending mode
5t 477 Hz 1* Camber mode

Fig. 3 Experimental setup for modal test of the bare PCB
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Table 2 Mechanical properties of the PCB substrates'”

Elastic modulus | Poisson | Density

[GPa] ratio [g/mm’]

Copper 108.0 0.30 8.90E-3
FR-4 Resin 3.05 0.33 1.80E-3
E-Glass Fiber 72.3 0.22 2.55E-3

Table 3 Calculated volume fraction

Weave style | FR-4 Resin (V) | E-Glass Fiber (Vf)
7628 0.64 0.36
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Table 4 The initial and updated mechanical properties

Initial value Updated value
E,=E, 27.98 GPa 15.30 GPa
E; 2.80 GPa 3.10 GPa
Vip 0.29 0.30
Vos = V3 0.006 0.06
Gy, 10.85 GPa 5.89 GPa
Gy3 = G31 2.54 GPa 2.53 GPa
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Fig. 4 Iteration history of the design variables
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Table 5 Comparison result table

Mode order 1t | ond | 3| gt 5t
Initial | FEAUECY a0 166 | 342 | 455 | 535
(Hz)

condition Error (%) | 2.9 |16.1 | 2.4 |14.3 |12.2

. Frequency
Optimal (Hz) 140 | 146 | 331 | 401 | 471

condition

Error (%) | 14 | 2.0 | 09 | 0.8 | 1.2

15 Torsion mode e

1" Bending modeg

(2" Bending mode

<= 2" Torsion mode
:331 Hz

Fig. 5 FEA Result-Natural frequencies and mode shapes
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