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Abstract - This study presents a numerical investigation of the vibration characteristics of FR4 printed circuit boards (PCBs) with
varying thickness using finite element analysis in ANSYS. Modal and harmonic response analyses were conducted for PCB thicknesses
ranging from 1.6 mm to 3.6 mm to evaluate natural frequencies and resonance behaviour. The results show a consistent increase in natural
frequencies and a reduction in vibration amplitudes with increasing thickness, indicating enhanced structural stiffness. In addition, the
influence of boundary conditions, including clamped, simply supported, and free edges, was examined. The findings reveal that boundary
conditions significantly affect vibration response, with clamped configurations exhibiting higher stiffness and lower amplitudes. The study
highlights the combined importance of thickness and mounting conditions in minimizing vibration-induced failures in PCBs and provides
practical insights for design optimization in electronic systems. This study provides a comparative evaluation of thickness and boundary
condition effects on PCB vibration behaviour, offering practical insights for design optimization.
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L. INTRODUCTION

Printed Circuit Boards (PCBs) are critical components in modern electronic systems and are often subjected to dynamic loading
conditions such as vibrations during operation and transportation. Excessive vibration can lead to structural failure, solder joint
fatigue, and malfunction of electronic components.

The mechanical behaviour of PCBs is strongly influenced by their thickness and material properties. FR4, a commonly used PCB
material, exhibits specific stiffness and damping characteristics that affect its vibration response.

This study aims to analyse the effect of PCB thickness on its natural frequency and harmonic response using finite element analysis.
By understanding the relationship between thickness and vibration characteristics, improved design guidelines can be developed.

Unlike conventional studies that primarily focus on thickness-dependent stiffness effects, this work incorporates the influence of
boundary conditions to provide a more realistic and application-oriented understanding of PCB vibration behaviour.

1. METHODOLOGY
% Geometry and Material

A rectangular PCB model with mounting holes was created using CAD tools and imported into ANSY'S.

The material used was FR4 with appropriate mechanical properties.
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Figure 1: Geometry of the PCB model used for analysis
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Figure 2: Details of the material FR4

< Mesh

The geometry was discretized using a fine mesh to ensure accurate results. A quadratic element formulation was used with an
element size of approximately 1 mm.
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Figure 3: Finite element mesh of the PCB model

«+ Boundary Conditions
The PCB was constrained at the mounting holes using fixed supports to simulate realistic mounting conditions.

A harmonic force of 5 N was applied normal to the surface to excite the structure.

Figure 4: Fixed support applied at mounting holes
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Figure 5: Applied harmonic force on PCB surface
% Analysis Procedure
Modal analysis was performed to determine the natural frequencies of the PCB for different thicknesses.

Harmonic response analysis was then conducted around the fundamental natural frequency (£20%) to identify resonance
behaviour. A full solution method with linear frequency spacing was used.
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Figure 7:
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Figure 8: Harmonic analysis settings for 2.5mm board used in the simulation
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Figure 10: Harmonic analysis settings for 3.6mm board used in the simulation
IIl. RESULTS AND DISCUSSION

« Modal Analysis Results

Modal analysis was carried out to determine the natural frequencies and corresponding mode  shapes of the PCB for different
thickness configurations. The primary objective of this analysis was to identify the fundamental mode of vibration, which governs
the dynamic response of the structure under external excitation.

The results indicate that the first natural frequency increases consistently with increasing PCB thickness. This behaviour is expected,
as the bending stiffness of a plate is directly proportional to its thickness. With higher stiffness, the structure offers greater resistance

to deformation, resulting in higher natural frequencies.

For the thinnest PCB (1.6 mm), the fundamental frequency was observed to be the lowest, indicating a more flexible structure. As
the thickness increased to 2.0 mm, 2.5 mm, 3.0 mm, and 3.6 mm, a gradual increase in the natural frequency was observed. This
trend confirms the strong dependency of dynamic characteristics on geometric parameters, particularly thickness.

The natural frequencies obtained from the modal analysis for different PCB thicknesses are summarized in Table 1.

In addition, the increase in natural frequency with thickness follows the expected trend from classical plate theory, where bending
stiffness increases significantly with thickness. This confirms the validity of the finite element model used in the present study.
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Variation of Natural Frequency with PCB Thickness
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Figure 11: Variation of natural frequency with PCB thickness
Table 1: Natural frequencies of PCB for varying thickness
Thickness (mm) Natural Frequency (Hz)
1.6 222.99
2.0 277.19
25 343.99
3.0 409.64
3.6 487
abular Data
Figure 13: Modal analysis result for 2mm showing natural frequencies
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Figure 16: Modal analysis result for 3.6mm showing natural frequencies

%+ Harmonic Response Results
Harmonic response analysis was carried out to study the dynamic behaviour of the PCB under sinusoidal loading conditions.

The excitation frequency range was selected based on the fundamental natural frequency obtained from modal analysis, ensuring
accurate capture of resonance behaviour.

The frequency response plots exhibit sharp resonance peaks near the first natural frequency for all thickness configurations. This
confirms that the dynamic response is dominated by the fundamental mode of vibration.

It was observed that the amplitude of vibration decreases significantly with increasing thickness. This is due to the increased
stiffness of thicker boards, which reduces their susceptibility to bending under dynamic loading.

The phase response also shows a distinct shift of approximately 180° at resonance, which is characteristic of lightly damped
systems and further validates the correctness of the simulation results.
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Figure 17: Frequency response of 1.6 mm PCB

Figure 18: Frequency response of 2 mm PCB

Figure 19: Frequency response of 2.5 mm PCB

Figure 20: Frequency response of 3 mm PCB
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Figure 21: Frequency response of 3.6 mm PCB
+ Discussion

The results clearly demonstrate that PCB thickness has a significant influence on its dynamic behaviour. As the thickness
increases, the bending stiffness of the board increases, leading to higher natural frequencies and reduced vibration amplitudes.

The relationship between thickness and natural frequency observed in this study is consistent with classical vibration theory,
where stiffness is a dominant factor in determining the dynamic response of plate-like structures.

Thinner PCBs exhibit higher deformation amplitudes near resonance, making them more vulnerable to vibration-induced failures
such as fatigue and structural damage. In contrast, thicker boards show improved resistance to vibration, enhancing their reliability
in practical applications.

The close agreement between modal and harmonic results confirms the accuracy and consistency of the finite element model used
in this study.

In addition to thickness variation, the study demonstrates that boundary conditions significantly influence both natural frequencies
and vibration amplitudes, emphasizing the importance of realistic mounting assumptions in PCB vibration analysis.

Effect of Boundary Conditions on Natural
Frequency of FR4 PCBs
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Figure 22: Effect of boundary conditions on natural frequency of FR4 printed circuit boards

Figure 22 illustrates the variation of natural frequency with PCB thickness under different boundary conditions. It is observed that
the natural frequency increases with increasing thickness for all cases due to enhanced structural stiffness. Among the boundary
conditions, clamped edges exhibit the highest natural frequencies, followed by simply supported and free conditions. This
behaviour highlights the significant influence of mounting constraints on the dynamic response of PCBs. The results indicate that
boundary conditions play a critical role in vibration performance and must be carefully considered in design applications.

V. EFFECT OF BOUNDARY CONDITIONS ON VIBRATION CHARACTERISTICS

The vibration behaviour of printed circuit boards (PCBs) is significantly influenced not only by material properties and thickness
but also by the boundary conditions under which the board is mounted. In practical applications, PCBs are rarely free-standing
and are typically constrained by screws, supports, or enclosures. Therefore, an additional analysis was performed to investigate
the influence of boundary conditions on the dynamic response of FR4 PCBs.

Three common boundary conditions were considered in this study:
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e Clamped (fixed) edges
e Simply supported edges
o Freeedges

Finite element simulations were carried out using ANSY'S for a representative PCB thickness of 2.0 mm. The modal analysis results
indicate that clamped boundary conditions yield the highest natural frequencies due to increased structural stiffness, while free
boundary conditions result in the lowest natural frequencies. Simply supported conditions exhibit intermediate behaviour.

The first mode natural frequency showed a significant increase under clamped conditions compared to free conditions,
demonstrating the critical role of mounting constraints in vibration performance. Additionally, harmonic response analysis revealed
that resonance amplitudes are lower in clamped configurations due to reduced deformation capability, whereas free boundary
conditions exhibited higher vibration amplitudes.

These results highlight that boundary conditions can have an effect comparable to material thickness in determining vibration
characteristics. Therefore, accurate representation of mounting conditions is essential in the design and analysis of PCB structures,
particularly in applications subjected to dynamic loading environments such as aerospace and automotive systems.

V. CONCLUSION

This study presented a finite element-based numerical investigation of the vibration characteristics of FR4 printed circuit boards
with varying thickness. Modal and harmonic response analyses were performed to evaluate natural frequencies and resonance
behaviour under dynamic loading conditions.

The results demonstrate a clear increase in natural frequencies with increasing PCB thickness, indicating enhanced structural
stiffness. Additionally, vibration amplitudes were observed to decrease with increasing thickness, confirming improved resistance
to dynamic excitation. These findings are consistent across all analysed configurations.

A key contribution of this work is the inclusion of boundary condition effects, which revealed that mounting constraints significantly
influence vibration behaviour. Clamped boundary conditions resulted in higher natural frequencies and reduced amplitudes, while
free configurations exhibited lower stiffness and higher vibration response. This highlights that boundary conditions can have a
comparable impact to thickness in determining dynamic performance.

From a practical perspective, the study emphasizes the importance of both structural design and mounting configuration in
minimizing vibration-induced failures in electronic systems. The results provide useful guidelines for selecting appropriate PCB
thickness and support conditions in applications subjected to mechanical vibrations, such as aerospace and automotive environments.

Overall, the study demonstrates that a combined consideration of material properties, geometry, and boundary conditions is essential
for accurate vibration analysis and reliable PCB design.

VI. LIMITATIONS

The present study assumes linear material behaviour and does not account for damping effects or the presence of mounted
electronic components, which may influence real-world PCB performance.
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