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The present work is devoted to the processing and analysis of signals arising from mechanical vibrations
of multilayer printed circuit boards. An original measuring stand was developed and manufactured that
allows detecting forced vibrations of rectangular beams. The following characteristics were studied:
waveforms of signals; Fourier spectra, phase portraits. An algorithm for analyzing vibration signals was
developed. To implement this algorithm, we used the Mathcad 15 program and built-in functions for
approximating, interpolating, and Fourier transforming signals. It was shown that the vibrational
characteristics of printed circuit boards are influenced not only by the total mass of SMD components, but
also by the surface mounting and metallization structure. With the increase in the number of SMD
components, the quality factor of printed circuit boards increases. In the experimental spectra of
oscillations, two harmonics are distinguished: a large peak corresponds to the frequency of the
fundamental tone of the oscillations; small peaks refer to the second harmonic, which decays rapidly over
time. With an increase in the number of SMD components, the amplitudes of both harmonics increase,
which is associated with an increase in the stiffness of the samples. With an increase in the number of SMD
components, the peaks of both harmonics shift toward lower frequencies. This is because the natural
frequencies of the printed circuit boards are sensitive to the total mass of SMD components. Thus, printed
circuit boards with a large number of SMD components are capable of storing a large amount of
mechanical energy, which can adversely affect their performance in conditions of intense vibration.

Keywords: printed circuit board, damped oscillations, phase portrait, spectral characteristics, SMD
components.
REFERENCES

1. Talickij E.N. Zashhita jelektronnyh sredstv ot mehanicheskih vozdejstvij. Teoreticheskie
osnovy [Protection of electronic devices from mechanical influences. Theoretical basis]. Vladimir:
Vladim.State Univercity, 2001. 256 p.

2. Zelenov Ju.V. Vibrozashhita radiojelektronnoj apparatury polimernymi kompaundami
[Vibration protection of electronic equipment with polymer compounds]. M.: Radio i svjaz', 1982.
296 p.

3. Filippov AV. Osobennosti konstruirovanija REA, rabotajushhej v uslovijah
shirokopolosnoj vibracii [Design features of REE operating in conditions of broadband vibration]
I 1zvestija TulGU. Tehnicheskie nauki. 2012. Vyp. 11, ch. 2. P. 18-25.

4. Rehviashvili S.Sh., Mamchuev M.O., Narozhnov V.V., Oshhunov M.M., Tlibekov A.H.
Issledovanie vlijanija plotnosti montazha komponentov na kolebatel'nye harakteristiki
mnogoslojnyh pechatnyh plat [Investigation of the effect of component density on the vibrational
characteristics of multilayer printed circuit boards] // lzvestija vysshih uchebnyh zavedenij.
Elektronika. 2018. V. 23. Ne 2. P. 141-148.

5. Narozhnov V.V. Modelirovanie nelinejnogo oscilljatora pri nalichii uprugih soudarenij: diss. ...
kand. tehn. nauk: 05.13.18. [Modeling a nonlinear oscillator in the presence of elastic collisions Diss. ...
cand. tech. Sciences: 05.13.18.] Severo-Kavkazskij federal'nyj universitet. Stavropol', 2018. 129 p.

6. Kir'janov, D. V. Mathcad 15. Mathcad Prime 1.0 / D. V. Kir'janov. SPb.: BVH-Peterburg,
2012. 428 p.

7. Haken H. Synergetik. M.: Mir, 1980. 406 p.


mailto:ipma@niipma.ru

Mamchuev Mukhtar Osmanovich, Candidate of Physical-Mathemetical Sciences. staffscientist,
Department of Theoretical and Mathematical Physics, Institute of Applied Mathematics and Automation,
KBSC RAS.

360000, KBR, Nalchik, Shortanov street, 89 A.

Ph. 8-918-725-45-26.

E-mail: mamchuevmo@yandex.ru

Narozhnov Victor Valerevich, Candidate of Technical Sciences, staff scientist, the Laboratory for
Measurement Automation, Institute of Applied Mathematics and Automation, KBSC RAS.

360000, KBR, Nalchik, Shortanov street, 89 A.

Ph. 8-967-414-48-33.

E-mail: narojnov.victor@gmail.com



