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B po6oTi BUKOHYEThCS MiAOIp ONTHUMAJIBHOTO CITIBBIIHOIIEHHS PO3MIpIB CIPOILEHOI MOJIei
[IaTyHa AaBTOMOOUIBHOTO JBHUTYHA, LI0 3a0€3Me4yl0Th 3HWKEHHS 00'eMy KOHCTPYKIi mpu
JOMyCTUMOMY 3HAuY€HHI HampyxeHb. [IpoBefeHe MOCTHIKEHHS IOKa3alo, M0 palioHAIbHE
NPOETYBaHHs, 3 BUKOPUCTAHHSAM Cy4YaCHHUX MPOTPAMHHUX KOMIUIEKCIB, CKOpOUy€e 4Yac, a TaKOX
¢i3uuHi 1 (iHAHCOBI BUTpaTH Ha BHUTOTOBJIEHHS ab0 JIoomparfoBaHHS Tiei a®o iHIIO! Aeranmi
aBTOMOOUIBHOTO JIBUTYHA.

Kniouogi cnosa: ontumizailis, maTyH, HalpyXeHO-Ae()OPMOBaHUN CTaH, METOJ CKIHYEHHUX
enemenriB, ANSYS.

In this work it’s performed how the selection of optimum size ratio of car engine piston-rod
simplified model was done, in order to reduce the volume of construction with the acceptable values
of tensions. The conducted research has shown that rational designing using modern software
systems reduces ti me as well as physical and financial expenses for manufacturing or modification
this or that motor-car engine detail.
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B paboTe BBIMONHSETCS MOAOOP ONTUMAIBHOTO COOTHOIICHHS pPa3MEpPOB YIPOIICHHON
MO/JICJIM IIAaTyHa aBTOMOGI/IJIBHOFO JABHUTATECIIA, 066CH€‘-II/IBaIOIJ_II/IX CHHKCHUC O6’beMa KOHCTPYKIHHU
npu AOO0IMyCTUMOM 3HAUCHHH  HAIIPSKCHUA. HpOBeHGHHOG HUCCICOJOBAHUEC I10Ka3aJio, qTo
paouOHAJIBHOC TMPOCTYBAHHA, C HCIOJbB30BAHUCM COBPCMCHHBLIX MPOTrPpaMMHBIX KOMIIJICKCOB,
COKpalmacT BpEMs, a TaAKKE (I)I/I3I/I‘-IGCKI/IG n (I)I/IHaHCOBLIC 3aTpPaThl HA U3TOTOBJICHUC UJIU ,Z[OpaGOTKI/I

TOM WY MHOM JETAIM aBTOMOOMIIBHOIO JBUTATEN.
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During car engine with expanded working volume designing or racing car preparing for a
competition, the details of engine usually need to be basically underworked. The aim of
underworking — is the light-weighting of moving details (decreasing the weight of rotating and
reciprocating masses) and respectively fitting their weight (all pistons and piston-rods must be the
same weight) in order to allow engine achieve frequent turnovers with the minimum loses because
of friction. Making rotating masses light-weighted allow engine to be more dynamic.

The piston, piston finger and from 25 to 30% weight of piston-rod are related to the
reciprocating details. The weight reducing of all these details leads to the fact, that on frequent
turnovers the crank piston-rod’s inertial force is reducing and as a result decrease the mechanical
loses. In this case it’s important to equivalent the pistons , piston-fingers and piston-rods’ weight, in
order to avoid different stresses on crankshaft journals and, therefore, diminish the dynamic burden
from torsional vibrations.

The aim of the work is an optimum size ratio selection of simplified piston-rod model,
providing the construction volume reducing and, as a result, the masses within allowable stress
limits. The algorithm of the optimization was released in finite element package of Ansys software.

Taking into account the connecting rod symmetry only one half of construction is considered.

The geometric model includes lower and upper head in the form of half-rings (Fig. 1, a),
connected by the edge with a T3 thickness and a wall with a T4 thickness. Despite of thicknesses
T3 and T4 properties, the connecting rod model includes 6 more design properties (the thickness of
lower and upper head — Dtl1, Dt2, the angles of orientation of the edge — Ugl1, Ug21, Dug1l,
Dug?2), which are in optimization process vary in set restriction limits. Letter designations (T, Ug,

Dt) are used for parametric programming of the values, which are used in calculation.
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Fig. 1. Calculated scheme and parameters to be optimized (a),
finite element connecting rod model (b)

There is a carried out loading effect on the connecting rod, gone out of the gas tension forces
from combustion chamber and crankcase sides, viewed in this work. In order to simplify, it’s
assumed, that on lower and upper head there is a equable tension of 60 C degrees in bow limits. The
tensions, acting on upper head are selected that way so to make the summarized loading equal the
summarized force, that’s acting on lower head. The mounting of the bundles towards X axis creates
the symmetry condition. One of the bundles is mounted towards Y axis in order to compensate
small difference in summarized loads, acting on the lower and upper head.

The piston-rod finite-element model consists of 368 elements like Solid45 and 445 bundles.
For the calculation it was used a regular scheme of separating into finite elements. The material of
the model is a an elastic modulus E = 2:10° MPa and the Poisson’s ration x — 0,28.

After the stress-deformation connection rod model state analysis with given boundary
conditions there is its optimization process. The main issue of the optimization in this work is an

elastic edge orientation and the thickness of ridges between the edges.
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In the Ansys program texts, written on the parametric programming language APDL, set
limits on construction parameters and the variable state. [2] As a variable state it was used an
equivalent stress, corresponding Huber-Mises criterion [3,4,5]. The minimizing object variable was
the weight of the structure [6,7].

As a result of done optimizations the program displays a message box with a number of best
parameters set. In the presented work the convergence was reach at 5 iterations. The equivalent
stresses increased from 140 MPa no 157 MPa that is actually located in allowable limits.

References

Bagenov V.A. Chislennie metody v mehanike, [Numeral methods in mechanics]. / V.A.
Bagenov, A.F. Daschenko, L.V. Kolomiec and others — Odessa, STANDART, 2005. — 563 p.

Kalinichenko P.M. Stress state of a thick-walled cylinder concentrators / P.M. Kalinichenko,
O.M. Limarenko, U.V. Zyblov — Proceedings of Odessa National Polytechnic University — 2006.
Ne2 (26). — s.20 — 23.

Orobej V., Kolomiets L., Limarenko A. Boundary element method in problem of plate
elements bending of engineering structures // Metallurgical and Mining Industry, 2015, Ne 4 p. 295
- 302.

OpoGeit B.®. dynpamenrtanbHble (QyHkumu, (QyHkims [puHa W BEKTOp HArpy30K JUIs

TOHKOCTeHHbIX cTepkner / B.®. Opobeit, A.®. Jlamenko, A.O. Hemuyk, A.M. Jlumapenko //

Mexaynapoanoe nepuoandeckoe u3nanue SWorld Hayunsie Tpyast Tom 2, Homep Ne 3, 2016, ¢
50-58.

Orobey V. Mathematical modeling of the stressed-deformed state of circular arches of specialized
cranes[Text] / V. Orobey, O. Daschenko, L. Kolomiets, O. Lymarenko, Y. Ovcharov // Eastern
European Journal of Enterprise Technologies. — 2017. — 5/8 (89). — p. 4-11.

Jlumapenko A.M. Onrumuzans matyHa aBToMoOwinbHoro apurarens / A.M. Jlumapenko, A.A.
PomanoB, M.A. Anekceenko. // Tpynst OHITY, 2012r., Bemn 2 (39). c. 98 — 100.

JHamenko O.®. Po3paxyHok HampyxeHo-ae(GopMOBaHHOTO craHy craHuHu rigponpecy / O.D.

Hamienko, B.JI. Koansos, O.M. JIumapenxko. // Tpyast OHITY, 2012r., Bbin 2 (39). c. 35 —43.

21


http://elibrary.ru/item.asp?id=28102831
http://elibrary.ru/item.asp?id=28102831

