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1. Introduction 
The main bearing parts in electronic packages introduced by 

printed circuit boards (PCBs), case walls and other structural elements 
subjected to vibration and shocks while their operation transmit dynamic 
forces to electronic components they mechanically support. Numerous 
publications on dynamic forces analysis in engineering [1–3] and in 
electronic equipment [4, 5] subjected to vibrations, vibration reduction and 
suppression design [6, 7] indicate insufficient strength and reliability of 
modern equipment exposed to variety of impacts such as mechanical shocks 
and vibration. The research conducted before [8, 9] demonstrates that 
dynamic forces may increase manifold to damage parts and components 
especially at resonant oscillations. 

2. Mathematical model of the oscillatory system 
The current research represents mathematical modeling aimed at 

dynamic force analysis of printed circuit boards in order to eliminate or 
reduce dynamic stresses to an acceptable level and to provide strength and 
reliability in design of printed circuit boards subjected to vibration. The 
represented model describes a printed circuit board as unique oscillatory 
system simulated as prismatic beam with single concentrated mass set on 
two oscillating supports. Here PCBs simulation considers cylindrical 
bending as set of beam-strips with rectangular cross-sections, thus their 
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stress and strain calculation can be performed by conventional methods 
applied in civil engineering and strength of materials [10]. Harmonic 
oscillations are generated by the shaker in vertical direction. Taking into 
account the non-inertial frame of reference the solution to differential 
equation of motion is identical to [8] and expressed by:  
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where Z0 – generated oscillation amplitude;  – angular frequency; 
0 – natural frequency; t – time; n – damping. 

The total displacement of the mass is produced by the net force P, 
which represents the common action of dynamic elastic force and static 
force of gravity from the concentrated mass m: 
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or in brief notation: f(t) = A sin(t – ) and 0 dyn stP P k P  , where 

P0 = mZ02 – amplitude of dynamic force; kdyn – dynamic coefficient; 
Pst – static force of gravity. 

Strength assessment is performed by maximal total normal stress 
defined by: 
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where l – length, b – width and h – thickness of the beam; x – 
distance to m from nearest support (linear coordinate).  

Stiffness assessment is proposed to perform by the value of 
maximal displacements (deflections) of the beam, which without significant 
errors under 3 % may be considered as deflection in the middle point of the 
beam: 
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3. Analysis of obtained functions 
Functional dependences revealed for maximal total normal stress 

and deflection with respect to geometric parameters of PCB have provided 
recommendations for their specification, which ensure strength and stiffness 
of printed circuit boards subjected to dynamic forces. 

Analysis of maximal total normal stress function of linear 
coordinate of the concentrated mass, when dynamic force amplitude P0 is 
constant, what is provided by its constant acceleration, in resonance con-
ditions, has revealed that neglecting static gravity force being considerably 
lower than dynamic elastic force then maximal stress does not depend on 
linear coordinate of the concentrated mass and may be used in engineering 
calculations with no respect to linear coordinate of the concentrated mass: 
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Comparative analysis of dependences obtained by mathematical 
modeling and MatLab simulation of PCB oscillations demonstrates their 
similarity and negligible deviations in absolute values of their parameters, 
such as resonance frequency, maximal total normal stress, deflection, threshold 
limit values of the length and linear coordinate of the concentrated mass of 
PCB, and may be considered as verification for the mathematical model. 

4. Conclusions 
Mathematical model for dynamic stress and deformation analysis 

in printed circuit boards and their dynamic strength and stiffness assessment 
has been designed with respect to geometric parameters of printed circuit 
boards and recommendations for their specification have been provided for 
engineering calculations, which ensure strength and stiffness of printed 
circuit boards subjected to dynamic forces.  

Comparative analysis of dependences obtained by mathematical 
modeling and MatLab simulation demonstrates similarity and negligible 
deviations in absolute values of obtained results and may be considered as 
verification for the mathematical model. 

 

References 
 

1. E. Kibirkstis, A. Dbkevicius, K. Ragulskis Multilayered poly-
meric film vibrations under un-symmetrical loading ISSN 1392–1207. 
Mechanika. 2012 Volume 18 (5): 546–553 



 
Секція проблем механіки 

 

 103

2. S. Kravets, P. Kaznovsky, V. Valov Peculiarities of design mo-
del formation at dynamic analysis of equipment ISSN 1392–1207. Me-
chanika. 2005 Nr. 2 (52) 

3. V. Kargaudas, N. Adamukaitis, M. Žmuida Natural oscillations 
of single span beam placed on cylindrical supports ISSN 1392–1207. 
MECHANIKA. 2014 Volume 20(3): 282–286 

4. Loon K. T. et al., 2019 Modeling the Elastic Behavior of an 
Industrial Printed Circuit Board Under Bending and Shear in IEEE Trans. 
on Components, Packag. and Manufac. Technology 9(4) pp. 669–676, 
https://doi: 10.1109/TCPMT.2018.2882575. 

5. Wong E-H, Mai Y-W 2015 10 - Dynamic deformation of a 
printed circuit board in drop-shock in Robust Design of Microelectronics 
Assemblies Against Mechanical Shock, Temperature and Moisture (Wood-
head Publishing) pp. 327–378, doi.org/10.1016/B978-1-84569-528-6.00010-1. 

6. Xiao W et al., 2020 Vibration reduction design of extension 
housing for printed circuit board based on particle damping materials 
Applied Acoustics 168 107434, doi.org/10.1016/j.apacoust.2020.107434. 

7. Veeramuthuvel P., Sairajan K. K., Shankar K. 2016 Vibration 
suppression of printed circuit boards using an external particle damper J. of 
Sound and Vibration 366 pp. 98–116, doi.org/10.1016/j.jsv.2015.12.034. 

8. Kovtun I., Boiko J., Petrashchuk S., Kałaczyński T. 2018 Theory 
and practice of vibration analysis in electronic packages /17th International 
Conference Diagnostics of Machines and Vehicles. MATEC Web Conf. 
(eISSN: 2261-236X), 182, 02015 (2018). – 10 р. 

9. I. Kovtun, J. Boiko, S. Petrashchuk, G. Baurienė, K. Pilkauskas 
Effects of the strain transmission from the main board to the installed elec-
tronic components / Mechanika. – Kaunas : KTU, 2016. – Vol 22 № 6 
(2016). – P. 494489. ISSN 13921207. 

10. G. S. Pisarenko, V.A. Agarev. Strength of materials. Kiev : 
Technika, 1967, 792 pp.  
 
 

ВПЛИВ КОНСТРУКТИВНИХ ПАРАМЕТРІВ  
ПРУЖНО-В’ЯЗКИХ ЕЛЕМЕНТІВ МАШИН БАРАБАННОГО ТИПУ  

З ГОРИЗОНТАЛЬНОЮ ВІССЮ ОБЕРТАННЯ  
НА ЇХ ВІБРОАКТИВНІСТЬ  

 
Горошко А. В., Драч І. В., Ковтун І. І., Петращук С. А. 

Хмельницький національний університет 
 

Питання зниження вібрації, спричиненої обертовими роторами 
на частоті першої роторної гармоніки (роторної вібрації) відносяться 


