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[Ipu mpoekTyBaHHI Cy4acHHX MAaIllMH Ba)XKJIMBHM €TalloM € 00-
IPYHTOBaHHUM BUOIp THIIIB, CXEM Ta PO3MIipiB MEXaHi3MiB, SIKi BXOISThH JI0O X
CKJIamy, 3 BpaXyBaHHAM HaHBa)XJIMBIIINX XapaKTEPUCTHK, IO BU3HAYAIOTH
(yHKITIOHATbHE TIPU3HAYEHHS TAaKUX MeEXaHi3MiB. Bimomo, 1m0 OCHOBHI
XapaKTePUCTHKH MEXaHI3MIB 3aKJIaIAal0ThCSI BXKE Ha €Talli iX KIHEeMaTHYHOTO
CHUHTE3y, a HAaCTYIHI PO3PaxyHKH Ha MIIHICTh, KOHCTPYKTHUBHE O(pOpM-
JICHHS, BHOIp MaTepiajiiB, BK€ HE MOXYThb CYTTEBO 3MIHHMTH IX OCHOBHI
BJIACTHUBOCTI.

VY pi3HUX Taly3sXx Cy4aCHOrO MAaIIMHOOYIYBAaHHS YacTO BHUHUKAE
3a/la4a CTBOPEHHS MeEXaHI3MiB, M0 3a0e3MeuyoTh MEepioAnYHy 3YIHHKY
BHXIJTHOI JIAaHKH TI€BHOI TpUBAJOCTi. (7 MBOTO 9acTO BHUKOPHUCTOBYIOTH
MEXaHi3MH 3 BUIIMMH KiHEMAaTHIHUMH TapaMH, 30KpeMa KyJaqKoBi, Majib-
TIHCHKi, 3y0UacTi MEXaHi3MH HEMOBHO3YOMX KOJIiC, TIPOTE, K BiAOMO, BH-
KOPHUCTaHHS TS IIbOTO CaMe BaKITEHUX MEXaHi3MiB Mae psin niepesar [ 1, 2, 5].
Taxki MexaHi3MH € OLTBII HATIHHIMY Ta TOBTOBIYHUMHU, 31aTHI MMPAIIOBATH 3
OUTBIIUMHU POOOYHMMH IIBHIKOCTSIMHU Ta JO3BOJISIOTH 3a0€3MEYUTH OLIBIIY
MPOAYKTUBHICT MAIIMH. [HIIOI BaXKJIMBOIO 3a7aYci0 € MPOCKTYBAaHHS Ha-
MPSIMHUX MEXaHI3MiB, BHKOHABUUI OpraH SKUX MOBHHCH 3/IHCHIOBATH PyX
3a MEBHOIO TpaekTopiero. Sk Bimomo [1, 2, 5], KpyroBi Ta MPAMOIIHIHHO-
HanpsiMHI BaXKUIbHI MeXaHI3Mi MaloTh y MalIMHOOYIyBaHHI caMocTiiiHe
BUKOPHCTAHHS, a TAKOX MOXYTh BUKOPHUCTOBYBATHCH sIK 0a30Bi IPH MPOECKT-
TyBaHHI MEXaHi3MiB 13 3yMMHKOIO BUXiTHOT JIAHKH.

PosrisiHeMO TPOEKTYBaHHS BaXKUTbHUX MEXaHi3MiB 13 3yNMHUHKOIO
BHXIJHOI JJTaHKW Ha 0a3i MapHipHOTO YOTHPIIAHKOBOTO KPYTOBOTO HAIPSIM-
HOTO MexaHi3my (puc. 1). Bimomo [1, 2], mo icHye 1Ba OCHOBHUX HANPSMKH
iX CHHTE3y: BHUKOPHUCTAHHS METOJIB HaWKpamoro (piBHOMIpHOTO) HaOIH-
JKeHHs 3a YeOuImeBuM, 0 OTPpUMAJH MOAAIBIINN PO3BHTOK, 30KpeMa, B
poborax broxa, Kinumpekoro [1], 'accmanna, CapkicsHa [3], a Takoxk Me-
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TOJIU KiHEMaTUYHOI reometpii [2, 4, 5], 3amo4aTkoBaHi HIMEIIKAM BUYCHUM
BypmecTepoM, siki oTpuMany po3BHTOK B pobortax JlixTenxempara, Mroi-
nepa, beliepa, Ta iHIINX BUCHHX.

Haiikpamie nHabmmkeHHs 3a YeOWIeBuM, B CBOIO YepTy, MOJIATAE Y
TIONIYKY TaKUX MEXaHi3MiB, sIKi 0 3a0e3Mediii HassBHICTh HaWO1IBIIOT KijTh-
KOCTi BY3JIiB IHTEPIOJIAIIT MK IIATYHHOIO KPHUBOIO Ta KOJOM HAOIMKCHHS
(B maHOMY BWIAJKy — IIICTh), MPUIOMY BIIXWIJICHHS HA iHTepBaJli HAOIH-
JKEHHSI TIOBUHHI 3MIHIOBaTHCh piBHOMIpHO (puc. 1, a).

Puc. 1. JIamoponoaionmnii Mmexanizm Yeoumena,
110 3a0e3ne4yye HAOIMAKeHHS AUIAHKY IATYHHOI KPUBOI 10 1yrH KoJa (a),
2 TAKO03K MEXaHi3MH i3 3yIIMHKOI0 BUXI/IHOI JIAHKH HA HOI'0 OCHOBI:
0) 3i CTPYKTYpHOI0 Ipynoio 1-ro Buay;
6) 3i CTPYKTYPHOIO rpynoro 2-ro suay [1]

ITokazana Ha puc. 1, a cxemMa MexaHi3My € BiIOMUM YacTKOBUM
BHITIAJIKOM HANPSMHHUX MEXaHI3MiB, 10 3a0e3MevyroTh Haikpaiie (piBHO-
MipHe) HaOJIMKEHHS JUISTHKH IIATYHHOI KPHUBOI 0 JyTW KOJa i TP LbOMY
TeHEpYIOTh CHUMETPHYHI INATyHHI KPHBI — Takli MEXaHI3MH MaloTh Ha3BY
CHMETPHYHUX JAMOIOTIONIOHNX MeXaHi3MiB UeOuiena.

BaxmmBoio TiepeBaror0 BUKOPUCTAHHS METOy HaWKpamioro (piBHO-
MipHOTO) HaOMKeHHS 32 YeOumeBUM JUTsl TIPOSKTYBaHHS HANPSIMHUX Me-
XaHI3MIB € MOJIMBICTh OTPUMAHHS TPUBAIHMX JUITHOK HAOJMKEHHS TEO-
peTHYHO BUCOKOI TouHOCTI. [IpoTe mopsig 3 BiIOMHUMH MepeBaraMmu TaKHX
MEXaHi3MiB, € TAKOXX II€BHI HeloJiKH, onucaHi B MoHorpadii [1]. 3okpema,
B TaKUX MEXaHi3MaX MOXJIMBHH CHOBUIBHCHUH MEpEeXiJl BUXIMHOI JAHKH 3
¢a3u 3yMUHKK Ta HABIAKW, [I0 NPUBOJWTH JO MOTIPIICHHS SKICHUX
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XapaKTePUCTHK 3aKOHIB pyXy. Hamu BcTaHOBIEHO, IO ()aKTHYHA BEIIMYHHA
3YIMHKHA BHXIJHOI JJAHKW MOKE 3HAYHO BIIPI3HATHCH BiJl TCOPETHYHOI, 1
Taki MEXaHi3MH MOXHa PO3MIAIATH HE TUIBKH SIK TaKi, II0 MarTh CIIO-
BUTbHEHUH BUXiJ 3 Qa3u 3yNHHKH, aje U K MeXaHi3MH, 10 3a0e3MeTyIoTh
HITY, B JESKAX BUMAAKaX 3HAYHO OUTBITY (PaKTUUHY TPHBAIICTH 3YMUHKH
BHXI1JIHOT JIAHKH.

Cumerpuaanid JIIMO0TIONIOHNH MexaHi3M YeOuireBa, 300paxy-
HUH Ha puc. 1, ckimagaerbes 3 kpuBommuna OA TOBXHHOIO 7 Ta ABOTIOBI-
KOBOiI CTPYKTYPHOI T'pyIH, IO yTBOpeHa JaHkamMu ABD ta BC, Ky Ha3u-
BatoTh giagor Yebumesa ([ =1,, =1,. =1y, =1). Jlo Ga3oBoro mexa-

Hi3My OABCD mnipuesHaHO 10JATKOBY CTPYKTYpHY rpymy 1-ro (puc. 1, a)
abo 2-ro Buay (puc. 1, 6). Iliguac POXOHKEHHS MATYHHOIO TOYKOIO D
ninstakn HaGmwkennss Dy D] BuxinHa nanka Mmexaismy (kopomucino EF

abo moB3yH E) OyayTh MaTH HaOMWKEHY 3YNMUHKY, TPUBAJICTh SIKOT Bif-
MoBiZa€ KyTy 20 TOBOPOTY KpuBoruma OA.

Jlnst mpoBeneHHS CHHTE3y 0a30BHX HANpSIMHHX MeXaHi3MiB Ye-
OuIieBa HAMH BUKOPHCTOBYBAJIMCh METO/IH, onucaHi B MoHorpadii Kinuis-
koro S.T. [1], a anst po3B’si3aHHS MOCTABJICHOT 33/1a4i, @ caMe — BU3HAYCHHS
(akTH4HOI TPUBAIOCTI 3YNMUHKHM BUXITHOI JIAHKM — pO3pOOJICHUI HamMu
YUCIOBUH METOMA, M0 0a3yeThCsi Ha BHKOPHCTaHHI OE3pO3MIpHOTO KOe-
¢inieHTa rpaHUYHOT MIBUAKOCTI BUX1IHOT JaHKH [2].

[puknaan pe3ynbTaTiB MPOBEACHUX PO3PAXYHKIB BEIHUYUH TPH-
BaJIOCTI 3YyITMHKY HaBEZCHI Ha pHC. 2.

Sk BHOHO 3 OTPUMAaHHUX PE3YyJbTaTiB, (PAKTHUUHI TPHUBAIOCTI 3y-
NMMHKHA BUXITHOI JIAHKHM y JIIMOmomoniOHMX MexaHi3mMax YeOumiea 30ira-
IOTBCS 3 TEOPETHIHUMH 3HAYCHHSMH JIMIIC B YaCTKOBHX BHIAJKaX — 30K-
pema, IUlsl TpUBAIKMX 3yNUHOK. [IpoaHarnmizyBaBIu miarpaMu, 300pakeHi Ha
puc. 3, MOXHa BiIMITUTH, IO B OuLTbImIOCTI MeXaHi3MiB Uebwmiesa crio-
CTepiraeThCs COBUILHEHUN BUXiJ 3 Ga3u 3YyNMUHKH, OCKIJIbKA 3HAYECHHS O €

Habarato MEHIIUM BiJ 07, [0 BUOPAHO 3 YMOB HAWKPAIIOTO HAOIMKCHHS
3a YeOumeBum. OcoOIHMBO 1€ CTOCYETHCS MEXaHi3MIB 3 HEBEIUKUMH 3Ha-
YCHHSMU TPUBAIOCTEH 3YIMUHKHU OL7. 30KpEeMa BCTAHOBJICHO, IO MPAKTHYHO
HE icHye MexaHi3MiB UeOuieBa, y skux (akTHIHa BETUYHHA BUCTOIO Oyia
Ou MeHte 2o < 60°,

OTxe, po3pOoO0JICHUH aHANTITUYHO-YHCIOBUH METOM Ta OTpPHMaHi
pEe3yNbTAaTH JO3BOJISIIOTH BU3HAYaTH (DaKTHUYHI BEIWYMHHU I1HTEpBaJiB Ha-
OJMMKEHHSI B YChOMY JIialta30Hi 3Ha4eHb, a HABEACHI PE3YJIbTATH Y BUTIIII
JIOBIIKOBUX JiarpaM JO3BOJISIOTh BH3HAYaTH BCi HEOOXiTHI TeOMETpHUUHI
rapaMeTpu TaKMX MEXaHi3MiB.
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Puc. 2. Ilpuxiiaau aiarpaM TpUBAJIOCTi 3yNIMHKH BUXITHOI OL JIAHKHU
y MexaHi3max Ye0umena, BU3Ha4YeHi YHCJIOBHM CIIOCOOOM
(1J191 MeXaHi3MiB, 10 MAIOTh Mi’KOCHOBY Bi/ICTaHb
Ta TeOpeTHYHY 3yNHHKY TPUBAJICTIO OLT)
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DYNAMIC STRENGTH AND STIFFNESS
ASSESSMENT OF CIRCUIT CARDS WITH RESPECT
TO THEIR GEOMETRIC PARAMETERS

Kovtun L., Goroshko A., Petrashchuk S.
Khmelnytsky National University,11 Institutska Str., 29016 Khmelnitsky, Ukraine

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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