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AHHOTanMsA. PagnosneKTPOHHBIE MOIYIIH COBPEMEHHEIX YCTPOMCTB ITPEeACTaBISIOT CO00M COOPKY
0O0JIBIIIOTO KONMUYeCcTBa nevaTHEIX miatT (I1I1), pa3MelleHHLIX B HaOeKHOM MeXaHUYeCKOM KOpITyce.
HecCKombKO TSAKENbIX 9JIEKTPOHHBIX KOMIIOHEHTOB CMOHTHUPOBAHHI Ha nedyatHol nnate (PCB). B
Ipoliecce 9KCIJIyaTalluy arperaTt NOoABepraeTCs Pa3IuYHbIM BUaM Harpy30K, HallpuMeDp,
Bubpamnusam u ymapam. OCHOBHOM BKJIaJ 9TOM pabOTHI 3aK/TI0YAETCSI B COKPAIleHUN BpeMeH!’
ITPOEKTUPOBAHUS U, TEM CaMbLIM, B ITOBHIIIEHUYN 3G GEKTUBHOCTH, IITUPOKO UCIIOIb3YETCS
KOMITbIOTEPHOE MOJeupoBaHue (MoaenupoBaHue). TOYHOCTh aHaIu3a UHXKEeHEePHBIX MallluH
SIBJIIETCS OOHOU M3 KpaeyroJIbHBIX 3amad. CTaThs COOEePKUT UHPOPMAIIUIO 0 MOOeINPOBaHUNA
KPYIHOTa0apUTHOM IMeYaTHOM MIJIaThl METOOM MMHUTALIMOHHOTO MOAEeIUPOBaHus B cpene Creo
Elements/Pro 5.0 Environment, co cpaBHeHUEM IIOJIyYE€HHBIX JaHHBIX C pe3ybTaTaMM UCIBITaHUuU
IMeYaTHHIX IIJTaT Ha BUOpPoCcTeHme. IIpeiokeH MeTO/ IIPeABapruTeJIbHOTO aHaIn3a MeYaTHRIX IJ1aT
10 MeXaHNYEeCKUM XapaKTepUCTUKAaM IIepe UX IPOEeKTUPOBaHUEM.

abstract. Radio-electronic modules of modern devices are
an assembly of a large number of a printed circuit
board (PCBs), placed in a secure mechanical case.
Several heavy electronic components mounted on the
printed circuit board (PCB). In the process of
operation, the unit Many to various types of loads, such
as vibrations and shocks. The main contributions of
this work are to reduce the designing time and,
thereby, to increase efficiency, computer simulation
(modeling) widely used. Accuracy of the engineering
machine analysis is one of the cornerstone tasks. The
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article contains information on the modeling of a large-
size PCB by simulation in the Creo Elements/Pro 5.0
Environment, with a comparison of the obtained data
with the results of the testing of PCBs on the vibration
stand. There is proposed the method of the preliminary
analysis of PCBs on mechanical characteristics, before
their designing.

KnioueBnIe CI0Ba: Pagu03IeKTPOHHEIE OJI0KH (MOmyau); mevyaTHwle miaThl (I1I1); aHanus
BUOpAIIUU U KECTKOCTU 3JIEMEHTOB.

Keywords: radio-electronic blocks (modules); printed circuit board (PCB); vibration analysis and
rigidity of components.

9KCIITEPUMEHTAJIBHAA YCTAHOBKA

MomanbHbIM aHanu3 FEM BeinonHsieTcst cpenoii Creo Elements/Pro 5.0 Environment giist TOUHOTO
M3y4YeHUs TMHAMUYECKUX XapaKTePUCTUK ITeYaTHOM miaThl. HeoOXOOMMBIMU 3TallaMu MOOAJIBHOTO
aHasM3a KOHEeYHHIX 9JIEMEHTOB SIBJISIOTCSA MOIEINpPOBaHUe, 3arpy3Ka U pellleHue, paclinpeHHas
MOIaIbHOCTL, HaOmomeHus u mocrodbpadoTka [1]. Heobxogumo npoBect MKD-anann3s
MHOTOCJIOMHOM IIJIaTHI [JIsI OIIpeneIeHusT COOCTBEHHBIX YaCTOT, a 3aTeM, ITPOBECTH 3KCIIEPUMEHT C
9TOM IIJIaTOM Ha BUOPOCTEH[Ie, TOTrHa MOXKHO BBISICHUTh, HACKOIBKO PACXOISTCS Pe3yIIbTaThl
9KCIIepHMeHTa U aHanu3a MKD3.

A. OETAJIN ITJIATBI

B manHOI paboTe mpoTecTUpPOBaHa YeTHIPEeXCIOWHAA mevyaTHas njaTa. [ledyaTHas miaTa
MOIOEeINPyeTCda KaK M30TPOIIHAaA IIJIaCTUHA C aHAaJIOTHYHBIMU CBOMCTBaMU MaTepHalia, TaKUMHU KaK
Mmonyib FOura (Momyns ynipyroctu), koabdunueHT [lyaccoHa ¥ MaccoBasi IIJIOTHOCTE. ITogpoOHas
vHpOpPMaINua O MeYaTHOU mJjiaTe, Kak IToKa3aHo B Tabiure 1.

Tab6auua 1.
3HayeHUs
ITapamMmeTp 3HadyeHHE
PCB dimensions 305x220x2 mm
PCB weight 672 T
PCB Young's Module 18,4 GPa
Poisson's ratio 0.12
Boundary condition Fixed / clamped

I[TnaTa umeeT BoceMb OTBepCTI/Iﬁ IIO KpasdM JHaMeTpPOM 4 MHUJIJIKMETPa KazKaoe. 3a aTUMU
OTBEPCTUAMHU OHaA 2KE€CTKO 3aKpeEIlJIeHa IIyTEM OIrPDaHUYEeHHrs IIeCTU cTeneHeu CB060I[I:I OJIs1 Y3JIOB Ha
I'pPaHUIE OTBepCTI/Iﬁ B IIeYaTHOH IJjIaTe, KaK II0OKa3aHo Ha pI/IC.l.



Pucynok 1. FEM Modenaw for PCB

B. SKCHepI/IMeHTaHBHaH YCTaHOBKaA OJIdd UCIIBITAHUA rnedyaTHOU IIIaThl

UcneiTaHnue Ha BUOpaUNIo IPOBOAUIIOCE IyTEM KpeIlJIeHUs Ile4aTHOU I1J1aThl BUHTaMM B BOCEMU
MecTax Ha BubpocteHze. [Tloka3aHa nevaTHas IjlaTa, yCTaHOBIeHHAs Ha BUOPOCTEHIEe. Ha PUC.2.
AKcenepoMeTp yCTaHOBJIEH B IIEHTPE IIe4YaTHOM IIJIaThl, KaK II0Ka3aHo Ha puc.2. Bropoii
aKCeJIepOMEeTp HaXOOWTCs Ha caMoM BHOpocToJie. BubpanuoHHbIe UCIIBITAHUS ITPOBOOUINCEH Ha
HUCIBITAaTEJIbHOM CTEHMEe, COCTOSIIIEM U3 3JIeKTPOANHaMUYeCKOoro Bubporeseparopa (subparopa),
CHUCTEMEI VIIPaBJIEHUS M CUCTEMEI cOOpa 1 oToOpaXkeHus maHHBIX [2]. K cTeHmy mpumoxuiu
BUOpPALIMOHHOE BO3[ENCTBUE CUHYCOUOATbHOM (HOPMEI C YCKOPEeHUEM 2g. BTOpOoi faTYMK YCKOPEHUS
3aduKCcUpoBal U3MeHeHue g B Auamna3oHe otT 2 no 70 g.



PucyHnok 2. [1nama, ycmaHoe/1eHHAs1 HAa eudpocmeHde

II1s1 6ombIiero ymoOCTBa MOCTPOEHA CIIeKTPaIbHasl XapaKTEePUCTHKA IIJIaTh, Te II0 OCH abCIIncC
OTJIOXKEHBI €IUHUIIEI YaCTOTHI (pUcC. 3).
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Pucynok 3. IIocmpoenuast A9YX neuamHou niamul

HccrmemoBaHue HAIIPaBIEHO HA TO, YTOOB HAWMTH HOBYIO METOHOJIOTHIO IPOEKTUPOBAHUS U
TEeCTUPOBAHUS MMeYATHBIX IJIaT OJI JOCTUXKEHUS 00jiee BLICOKOHN IMPOU3BOAUTEIbHOCTH C MEHBIITUMH

3aTpaTaMU U BpEMEeHeM. \Yh3)1 IIPOBEJIN aHaAJIUu3 BI/I6paHI/II/I IevYyaTHOM IIJIaThL C YCTaHOBJIEHHBIMHU
KOMIIOHEHTaMMH.
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