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ABSTRACT: The structure of a printed circuit board (PCB) is very complicated for Improving the reliability of printed 

circuit boards is critical to predicting the designation of any possible locations subject to vibration than others. Avoid 

placing heavy electronic components. Our research focuses on obtaining the optimal design with less cost and faster 

design time. We proposed a new methodology that differs from traditional methods, the method of designing printed 

circuit boards, which includes two stages. First, we analyzed the vibration of a multilayer printed circuit board with 

installed components. To test the model, we compare the results of the FEM simulation with the experimental results 

for a printed circuit board. A comparison of experimental and simulation results shows that they coincide well. We 

perform PCB vibration analysis using the FEM method using a “concentrated weight” element that replaces the actual 

geometry of the component. The second is to choose the optimal mounting for the printed circuit board, which provides 

the minimum vibration effect. To achieve this goal, we investigated four types of fixing the sides of the board at the 

design stage. They analyzed the boards to show mechanical effects using the finite element method (FEM) and 

engineering analysis (simulation) of Cero Elements / Pro 5.0. An analytical calculation of the behavior of boards with 

the same mounting techniques was also carried out. The results of modeling comparison and analytical calculation 

showed good agreement; the difference does not exceed 12%. 
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INTRODUCTION 

The multi-layer printed circuit board has developed into an integral, essential carrier element of modern electronic 
equipment. It performs two critical functions immediately: the electrical connection of electronic components and their 
mechanical fastening . 

An analysis of the reliability of electronic equipment operating in harsh operating conditions shows that many failures 
occur in electrical contacts on the board because of high frequency and vibration effects. Studies have shown that most 
electronic circuit failures in electronic equipment are often mechanical failures, and many of these mechanical failures 
appear in composite leads and solder joints [1, 2]. Over the past years, a good deal of equipment tests has shown that 
certain types of vibrations and shocks cause about 20% of failures [3,4]. When the external operating frequency of a 
printed circuit board is close to or equal to its rate, a resonance occurs, which leads to the following consequences  [5,6] 
: 

1. Electrical wires, soldered joints, and pins of the connector on the printed circuit board may damage.

2. Components close to each other interfere with each other and lead to a short circuit;

3. The screw connection on the printed circuit board with the carrying case becomes loose.
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Shows that the vibration characteristics of the Multilayer PCB have a significant impact on the reliability of electronic 
components on the surface. 

Our research focuses on getting the optimal model with less cost and faster design time. 

We proposed a new methodology that differs from traditional methods, the method of designing printed circuit boards, 
which includes two stages: 

— First, we conducted a vibration analysis of a multilayer printed circuit board with installed components. To test the 
model, we compare the results of the FEM simulation with the experimental results for a printed circuit board. A 
comparison of experimental and simulation results shows that they coincide well. 

— Second, perform FEM vibration analysis of the printed circuit board using the “concentrated weight” element, which 
replaces the actual geometry of the component. 

— The third is to choose the optimal mounting for the printed circuit board, which provides the minimum vibration 
effect. 

The natural frequency is the most critical parameter, showing the possibility of resonance during operation, and the 
higher its value, the higher the stability of the structure. We assume that it should have at least a twofold reserve at a 
frequency that should be higher than the maximum operating rate.The main stages of the modal analysis of finite 
elements are the imposition of constraints on the structure, modeling, and getting results with subsequent processing 
[7]. 

ESTIMATION OF NATURAL FREQUENCY 

When modeling, it is necessary to establish a geometric model of the board, enter the appropriate parameters of the 
material (modulus of elasticity, Poisson’s ratio, density), and select the proper final element for grid generation. A 
smaller grid applied to some surfaces, which increases the accuracy of the calculation, although it lengthens the solution 
process. 

After installation of the geometric model, the boundary conditions of the board are determined (fixing and loading); 
finally, the most suitable solution method chosen.  Since the attenuation of oscillations has little effect on the results of 
the modal analysis of a printed circuit board, the attenuation of the material ignored. The following subsections are 
show details of the analysis manner.  

DYNAMIC CHARACTERISTICS OF A PCB  

According to the isotropic model of the epoxy glass fiberboard analysis, a typical PCB configuration considered, and 
the dimensions of the PCB see Table 1. 

Table 1: PCB Details. 

Parameter Value 

PCB dimensions. (200×150×1.5) mm 

PCB weight 672 г 

PCB Young's Module 21 GPA 

Poisson's ratio 0.15 

ANALYTICAL FORMULATION 

The use of simply supported boundary conditions is generally favored in the theoretical modeling of vibrating plates 

due to their mathematical simplicity, as well as the availability of exact analytical solutions [8-11]. 

The mode shapes of PCB must study to show the impact of vibrations on PCB. Modes of vibration are specific patterns 

of oscillatory motion, and they are given a shape of vibration. There are mainly four types of fastening the PCB, as 

shown below: 

Two short sides fixed: as shown in Figure 1, can be calculated the first natural frequency of PCB  fn from the equation 

given by Dave S. Steinberg [1]. 
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𝑓𝑛 =
3.55

𝑎2 √
𝐷

𝜌
                                                                                                                                                                  (1) 

Where: 

a: is the length of PCB (mm). 

 D: is the PCB stiffness factor (N∙mm). 

 ρ: is mass per unit area (Kg/mm2).  

 Plate stiffness factor D has given:  

         𝐷 =
𝐸ℎ3

12(1−𝜇2)
                                                                                                                                                           (2) 

Where: 

 E: Modulus of elasticity ( N/mm2). 

 h: PCB thickness ( mm). 

       μ: Poisson’s ratio. 

       b: Width of PCB(mm).  

 

 

Figure 1. PCB two sides are fixed. 

The natural frequency of PCB evaluated by theoretical formulation using Eqn. (2) to Eqn (1) is 133 Hz, which gives 

an idea about the dynamics of PCB based on the dynamic analysis of the subsystem. 

Three sides fixed, and the shortest one is free: The first natural frequency fn of PCB can be calculated analytically 

from the equation given by Dave S. Steinberg [1]. 

𝑓𝑛 =
𝜋

3
[

𝐷

𝜌
(

0.75

𝑎4 +
2

𝑎2𝑏2 +
12

𝑏4)]
1/2

                                                                                                                                      (3) 

The natural frequency of PCB evaluated by theoretical formulation using Eqn. (2) and Eqn. (3) 252 Hz. 

 

Figure 2. Three sides fixed. 

Four sides fixed: The first natural frequency fn of PCB can be calculated analytically from the equation given by Dave 

S. Steinberg [1]. 
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𝑓𝑛 =
𝜋

1.5
[
𝐷

𝜌
(

3

𝑎4
+

2

𝑎2𝑏2
+

3

𝑏4
)]

1/2

                                                                                                                                        (4) 

The natural frequency of PCB evaluated by theoretical formulation using Eqn. (2) and Eqn. (4) 305 Hz. 

 

 

 

 

 

 

Figure 3. Four sides are fixed 

Two sides (short — long) fixed, and another two sides (short — long) are supported: The first natural frequency 

fn of PCB can be calculated analytically from the equation given by Dave S. Steinberg [1]. 

𝑓𝑛 =
𝜋

2
[
𝐷

𝜌
(

2.45

𝑎4
+

2.68

𝑎2𝑏2
+

2.45

𝑏4
)]

1/2

                                                                                                                                     (5) 

The natural frequency of PCB evaluated by theoretical formulation using Eqn. (2) and Eqn. (5) is 213 Hz, 

 

Figure 4. Two sides (short — long) fixed and another two sides (short — long) are supported 

Finite Element Method (FEM) Analysis 

The proposed analytical model validated by comparing the numerical analysis results with FEM modal analysis 

results. FEM modal analysis is carried out by Creo Elements/Pro 5.0 Environment. The necessary steps of finite 

element modal analysis are modeling, loading and solving, extended modal, observations, and post-processing 

[6]. Little, Warburton, Laura, and Saffel have done many works to determine the natural frequency equations of 

rectangular plates with different boundary conditions use triangular series and polynomial series [8-10]. 

In the modeling, we need to establish the geometric model of the structure, Parameters of the PCB considered in 

this research see Table  1. a  choose the appropriate finite element to mesh the construction. After establishing 

the geometric model, then define the boundary conditions of the structure, and finally select the most proper 

solution method. Since damping has little effect on the results of the modal analysis, the damping of the material 

ignored. Then the finite element software Creo is used for modal analysis to obtain the first three natural 

frequencies, and the results are see Table  2, the first three orders vibration modes are as shown in Figure 2. 

Table 2. The first three orders natural frequencies of PCB with Two short edges fixed. 

F1(Hz) F2(Hz) F1(Hz) 

130 Hz 182 Hz 368 Hz 
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(a) 

 

(b) 

 

(c) 

Figure 5. Modal analysis results in CREO. Natural frequencies of a fiberglass PCB design with fixed 4 edges (a) 

first natural frequency, (b) second natural frequency, (c) third natural frequency. 

CONSEQUENCES OF BOUNDARY CONDITIONS ON THE VIBRATION CHARACTERISTICS OF PRINTED 

CIRCUIT BOARDS 

The first natural frequency of the plate calculated by substituting the data in the formula (1,2,3,4) the natural 

frequencies of the PCB under different boundary conditions calculated by numerical [12]. and CREO modal analysis 

resulting as see Table  3. 

Table 3: The natural frequencies of the PCB under different boundary conditions. 

Fixing 
Numerical 

method. 
 

 

% 
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First 

natural 

frequency 

Simulati

on 

Results 

(Hz) 

Erro

r 

 

Two short sides are 

fixed. 
133 130 2 

Three  sides are 

fixed, 

One short side is 

free 

252 237 6 

Four sides are fixed. 313 304 3 

Two sides (short — 

long) are fixed, and 

another two sides 

(short — long) are 

supported. 

226 260 13 

 

 

Figure 6. First natural frequency PCB measured experimentally comparison under different boundary conditions. 

In summary, it can see from Table 3, As shown in Figure 3 , 4    that the error between the first-order natural 

frequency obtained by the CREO modal analysis and calculated by the numerical method under different cases 

of boundary conditions. 

In the fourth case of boundary conditions, the highest fault ratio error is considered a result of the highlighted 

constraints that may conflict due to enforced displacements in different coordinate systems. To resolve this 

problem, we find that the installation method should be similar between the adjacent sides, where we have 

changed the installation condition from free to fixed and thus resolved the problem. 

The results are in good agreement, by comparison, which makes it possible to conclude that the consequence of 

creo is credible [12, 13]. It can state that high confidence established in this model, and it can trustfully use for 

further analysis of the current problem. 
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(a) 

 

(b) 

 

(C) 

 

(d) 

Figure 7. Modal analysis results in Creo. First Natural frequencies of a glass fiber PCB under different 

boundary conditions (a) Two short edges fixed (b) Three sides are fixed One short side free (c) four sides are 

fixed  (d) Two sides (short — long) are fixed and another two sides (short — long) are supported. 

RESULT AND DISCUSSION 

In the analysis stage, we conducted the mass of electronic component characteristics of a printed circuit board in many 

positions. This mass was localized in specific places see Table 4; this table shows the natural frequencies of printed 

circuit boards with a mass of 25 grams in different positions. Concurrently, the board is fixed rigidly in both shorter 

sides.  

Analysis process showed that the natural frequencies of PCB with a concentrated mass were less than the natural 

frequencies of PCB without a concentrated mass depending on the position of the concentrated mass, As shown in 

Figure 3, these different locations lads to different vibration characteristics. From another side, the located of mass 

had a significant effect on the vibration modes of PCB, this sign was different modes depending on the location of the 

concentrated mass on the board, that means it is necessary to take account the location and weight of the electronic 

components on PCB in the design stage. 
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Table 4. The natural frequencies of the PCB with the concentrated mass located in different places under condition 

“two short sides are fixed.”                        

 

 

 

 

 

 

 

 

 

 

 

Table 5. The natural frequencies of the PCB with the concentrated mass located in different places under condition 

“three sides are fixed, and the shortest side is free”.1 

The location of the concentrated 

mass  

(center of the board x coordinate) 

First 

Natural 

frequency. 

Second 

Natural 

frequency. 

Third 

Natural 

frequency. 

0      SIDE FREE 103 289 456 

50 152 341 465 

75 159 316 461 

100        165 285 598 

150 103 289 483 

175 245 309 435 

200 247 341 554 

Table 6. The natural frequencies of the PCB with the concentrated mass located in different places under condition 

“four sides are fixed.” 

The position of the 

concentrated mass 

(center of the board x 

coordinate) 

First 

natural frequency. 

First 

natural frequency. 

First 

natural frequency. 

0 305 514 725 

50 204 385 728 

75 178 514 673 

The location of the 

concentrated mass.  

(center of the board x 

coordinate) 

First 

Natural frequency. 

Second 

Natural frequency. 

Third 

Natural frequency. 

0 133 182 362 

50 116 182 276 

75 102 182 276 

100 97 182 286 

150 100 182 318 

175 117 182 318 

200 133 182 318 
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100 172 514 673 

150 208 384 725 

175 285 395 632 

200 305 515 726 

Table 7. The natural frequencies of the PCB with the concentrated mass located in different places under the condition 

that PCB fixed at two (short- long) sides and Supported at two (short-long) sides. 

FUTURE RESEARCH AND CONCLUSIONS 

The location of the electrical component on a multilayer printed circuit board is essential in many electrical and 
electronic applications. So, in this article, we have carried out many ways to find the optimal position of the electrical 
component to reduce vibration effects. After analysis, using the CREO finite element method, they found a better place 
when the board fixed on four sides. This position minimized the vibration on the circuit board. The presence of heavy 
electronic components on a printed circuit board reduces its frequency; Therefore, starting with modal analysis, this 
must be considered by adding concentrated mass to the model. It is also essential to develop in advance a method of 
fixing the board at the installation stage or the assembly stage. 

The boundary conditions of the PCB had a significant impact on its vibration characteristics. Thus, it is necessary to 
determine the boundary condition at the modeling stage using a finite element program, correctly (CREO). The article 
provides a design technique for multilayer printed circuit boards, considering the influence of the method of fixing and 
the location of components on the surface. The method allows at the design stage to trace the conductors to determine 
the optimal design. This approach can reduce the time and material costs of design.   
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