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B mccnenoBanun paccMaTpuBaeTcsi 00JIACTh MOPIIHEBBIX JBUraTelNeil, IPUBOIOB U HACOCOB C
TOYKH 3pPEHHS BOIPOCA JOCTIKEHUS ONTHMAJIbHON YPaBHOBEIIEHHOCTH KPHUBOUIMITHO-IIATYHHOTO
MexaHu3Ma. HecMoTpss Ha TEHISHIMIO 1O PACHIMPEHHIO NPUMEHEHHs SJIEKTPOJBUTATENCH IS
3aMEeHBI JBUTATeNIeil BHYTPEHHETO CTOpaHMs, JOJS MOPUIHEBHIX JBUTATeNei, MPUBOJOB W HACOCOB
ocraércst cymectBeHHOH. CortacHo mporHo3am Aero-News Network, mons "mopmrHeBoit" aBuarum
COCTABIISIET HA CEroAHAIIHMUNA aeHb Oonee 70% mapka, u k 2030 romy OymeT coCTaBsATh HE MEHeEe
60%. Manopa3MepHbie TMOPIIHEBbIE [BUTaTEIN I[IHPOKO HCIOIL3YIOTCS B KaueCTBE CHUIIOBOM
YCTAaHOBKM  OCCHMJIOTHBIX  JIETATENbHBIX  amlapaTtoB, IO3TOMY  BOMPOC  ONTUMAIBHOTO
YPaBHOBEUIMBAHUS aKTyaJeH U 110 CEH JICHb.

HeypaBHOBemIeHHOCTP MEXaHHW3MOB IPHUBOJAOB W HAaCOCOB MPHUBOAWT K MOBBIIIEHHOMY
HEPaBHOMEPHOMY M3HOCY TOAIIUITHUKOB M JOPOKEK Ha Baly, BEAYIIEMY K BHE3AITHBIM TOJIOMKaM
Y CHIDKEHHIO (PaKTHUECKOTO pecypca. BO3HUKAIOT NOTOIHUTENBHBIEC TOTEPH HAa TPEHHE, IPUBOISIINE
K M30BITOYHOMY  TEIUIOBBIJCIICHUIO, TOBBIMIAIONIEMY TpPEOOBaHUS K  OXJIQKICHUIO WA
OTpaHUYMBAIONIEMY 4acTOTy BpamieHus. CHmkenne mexanmdeckoro KITJ[ momgmummnamka — ymap 1o
KOHKYPEHTOCIIOCOOHOCTH U SKOHOMMYHOCTHU arperara. A MOBBIIICHHBIN YpOBEHb BHOpaluii U 1myma
BCEr0 MEXaHHW3Ma IOPUIHEBOTO TPWBOJA, HACOCA WM BCETO TPAHCIOPTHOTO CPEJICTBA, CHUXKAET
pecypc BCEil CUCTEMBI.

B wuccnenoBaHum  BHEpBBIE MPHUBOAMTCS KPUTEPHH ONTHMAIBHON  YpaBHOBEIICHHOCTH
KPUBOIIMITHO-IIATYHHOTO MEXaHW3Ma TOPIIHEBBIX IBHUTATENeH, MPUBOJIOB U HACOCOB, OCHOBAHHBIN
Ha CHJIaX pEaKIH{, KOTOPBIA TIO3BOJIIET OIPENEIUTh ONTUMAIBHYI0O MacCy €IUHCTBEHHOTO
NpOTHBOBECA M4 U YPaBHOBEIIMBAaHUS KPUBOIIUITHO-IIATYHHOTO MEXaHHM3Ma, ITI0Ka3aHHOTO
Ha puc. 1.

Puc. 1. Cxema KpHBOIMIHAITHO-IIIATYHHOTO MEXaHU3Ma
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MeTto/1bl, UCIOIB3YEMBIE B HUCCIIEIOBAaHUM, ACIATCS Ha JIBE TPYMNIBI: TEOPETUUYECKUII METOX U
sMmnupudeckuii Metol. OCHOBHBIEC BBIPAKEHUS ONPEIENICHUS TepEMELICHUN, CKOPOCTEH, YCKOPEHUH 1
CHJI peakiuii B MaTeMaTHYeCKOW MOJENH OCHOBaHbI Ha mnpuHImne J[lamambepa ¢ 3amucbio B
BEKTOPHOU (opMe IS KaXKJAOTO MOMEHTAa BPEMEHHU. YPaBHEHHUS ABIDKCHHS PEIIAIOTCS METOJ0M
o0paTHOW MaTpuIbl B IBHOM BHIE ¢ momolnbto [10 MathCAD.

UucneHHblid SKCIEPUMEHT (pUC. 2) MO OLEHKE BIMSIHUS MAacChl U PAcOJIOKEHHS TPOTUBOBECA
Ha CUJIbl peaklMM B MeXaHu3Me npoBeaéH ¢ ucnoib3oBanueM 110 MSC.ADAMS, ocHoBaHHOM Ha
BepU(UIIUPOBAHHBIX METO/IaX MOJCIHPOBAHNUS PAOOTHl MEXaHH3MOB.
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Puc. 2. Moaenb 11l YUCIAEHHOTO SKCIIEPUMEHTA

HMHHoBanuonHas u INpaKTUYCCKasA 3HAYUMOCTDb pa6OTLI 3aKJII049acTCAaA B TOM, 4YTO IIpCjiaracmas
METOAHKA IIO3BOJIACT B 4ABHOM BHAC II0JIy4aThb OINTUMAJIBHYIHO MACCy IPOTUBOBECA IJIid
YpaBHOBCUINBAHUS KPUBOHIUITHO-IIATYHHBIX MEXAHU3MOB IMIOPIIHEBBIX IMIPUBOJOB U HACOCOB HA 3TaIlC
IMPOCKTUPOBAHMA. OTO0 MO3BOJISICT COKPATHUTb BPEM: IIOHUCK HaHHOﬁ MacCChbl UTCPATHMOHHBIM CHOCO6OM,
4T0 HAET MMPOCKTUPOBIIUKY KpI/ITepI/Iﬁ AJIs1 OICHKU KadeCTBA YPABHOBCHIMBAHUA, a@ TAKKE IMO3BOJISCT
BCTpanBaThb MNPEAJIOKCHHBIC  TCOPCTUYCCKUC  3aBUCUMOCTU B OIITUMH3AITMOHHBIC MOACIN
KOHCTPYKHHﬁ, oOecnieunBasi aBTOMATHYECKHM nepecqéT MacCcCbl MPOTHUBOBCCA IIPU HU3MCHCHUU
apaMeTpoOB NPOCKTUPYEMOT'O MEXaHU3MaA.
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The objects of research are piston engines, drives and pumps. The subject is the question of
balance, namely the achievement of the optimal balance of the object's crank mechanism. Despite the
trend towards increased use of electric motors to replace internal combustion engines, the proportion
of piston engines, drives and pumps remains significant. According to forecasts of the Aero-News
Network, the share of "piston” aircraft is currently more than 70% of the fleet and by 2030 it will be at
least 60%. Small piston engines are widely used as the propulsion system for unmanned aerial
vehicles.

The imbalance of the mechanisms of drives and pumps leads to increased wear of bearings or
tracks on the shaft (uneven nature), leading to sudden breakdowns and a decrease in the actual
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resource. Additional frictional losses are created, resulting in excess heat generation, increasing
cooling requirements or limiting rpm. A decrease in the mechanical efficiency of a bearing is a blow
to the competitiveness and economy of the unit. And an increased level of vibration and noise of the
entire piston drive mechanism, pump or the entire vehicle, reduces the resource of the entire system.

In the research proposed in the project, for the first time, a criterion for the optimal balance of
the crank mechanism of piston engines, drives and pumps, based on reaction forces, is derived, which
allows you to determine the optimal mass of a single counterweight for balancing the crank
mechanism.

The methods used in the project are divided into two groups: the theoretical method
(implemented including through modeling) and the empirical method (implemented through a
numerical and natural experiment). Theoretical expressions are planned to be processed using
MathCAD software in the modeling process [4]. The expressions are based on classical physical laws:
in the field of kinematics and dynamics of internal combustion engines, theoretical mechanics and the
theory of mechanisms and machines.

A numerical experiment to assess the effect of mass and the location of the counterweight on the
reaction forces in the mechanism is planned to be carried out using the MSC.ADAMS software, based
on verified methods of modeling the operation of mechanisms.

The innovative and practical significance of the project lies in the fact that the proposed
technique will explicitly allow obtaining the optimal counterweight mass for balancing the crank
mechanisms of piston drives and pumps at the design stage. This will reduce the time spent on
iterative search for a given mass through multiple calculations, will give the designer a transparent
criterion for assessing the quality of balancing, and will also allow embedding the proposed
theoretical dependencies into optimization models of structures, providing automatic recalculation of
the mass of the counterweight when changing the parameters of the designed mechanism.



