IHlanoean Cepzen Huxonaeeuu
Mmazucmpanm, ghedepaibHoe 20Cy0apcmeeHHoe 0100JcemHoe 006pazo08ameibHoe
yupedxcoenue gvicuieco obpazosanus « Mockoeckuii aguayuOHHbIU UHCTUMYM

(HayuonabHBLU UccIedosamenbekull yuusepcumem)y, Poccus, e. Mockea

PA3PABOTKA AJITOPUTMA ABTOMATU3UPOBAHHOI'O
IMMPOEKTUPOBAHUS IIATYHA JIBC 10 OKCINIYATAIMOHHBIM
IHAPAMETPAM

B pabote paccmarpuBaeTcs 3ajaya aBTOMAaTU3allMM MTPOCKTUPOBAHMS IIaTyHa
JBUTaTellsl BHYTPEHHETO CrOpaHHWsl Ha OCHOBE 3aJaHHBIX JKCIUIyaTallMOHHBIX
napaMeTpoB. OCHOBHOE BHHMAHHME  YJEJIE€HO CHWXEHUIO  TPYAOEMKOCTHU
[IPEABApPUTEIIbHBIX PpPACYETOB M YMEHBIICHUIO 3aBUCHUMOCTH pe3yjibTara OT
CyOBEKTUBHBIX PEHICHUI KOHCTPYKTOPA.

[IpensioxkeH anropuT™, MO3BOJISIONINN (OPMUPOBATH T€OMETPHUIO IIaTyHa C
YYETOM JEUCTBYIOIIMX HArpy30K, XapaKTEpPUCTUK MaTEepUala U KOHCTPYKTHBHBIX
orpaHudeHuil. B kadecTBe KpUTepus ONTUMHU3AINUKA BHIOpAaHA MUHUMM3AIUS MACCHI

pu oOecredeHnu TpeOyeMoi MPOYHOCTH U YCTOMYHBOCTH.

ANTOpUTM BKITFOYAET TOCJIECIOBATEIBHBIC JTalbl: pacdéT HArpy30K, 3aJaHuc
UCXOAHOW  TEOMETPUH,  OIpPEIeICHHEe TI'eOMETPUYECKMX H  TPOYHOCTHBIX
XapaKTEPUCTHK, & TAKKE€ ONTUMM3AIMIO TApaMETPOB C MOCIEAYIOIEH MPOBEPKON B
CAD-cpene. B pabore mokazaHa BO3MOXKHOCTh TMIOJYYEHUS palMOHAIBHBIX

KOHCTPYKTUBHBIX PELICHUN HA PAHHUX CTaAUAX IPOCKTUPOBAHUS.

The paper considers the problem of automating the design of an internal
combustion engine connecting rod based on specified operating parameters. The main
focus is on reducing the labor intensity of preliminary calculations and decreasing the
dependence of the result on subjective decisions of the designer.

An algorithm is proposed that allows forming the geometry of the connecting
rod taking into account the acting loads, material properties, and design constraints.

The optimization criterion is the minimization of mass while ensuring the required



strength and stability.

The algorithm includes sequential stages: load calculation, definition of initial
geometry, determination of geometric and strength characteristics, as well as parameter
optimization followed by verification in a CAD environment. The paper demonstrates

the possibility of obtaining rational design solutions at the early stages of design.
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BBenenue

[latyn — 3TO ojxHa W3 HambOOJee OTBETCTBEHHBIX JETaled KpPUBOIIMUIIHO-
matyHHoro mexanmsma [1, 5]. B mpomecce paGoTel nBuratensi OH BOCIPUHUMAET
3HAaKoNepeMeHHble Harpy3ku [1, 8], cBsS3aHHBIE C JE€HUCTBHEM JaBJICHUS Ta30B B
HWIMHAPE U MHEPLIMOHHBIX CHJI BO3BPaTHO-IIOCTYNATENbHO ABMXKYIIUXCSA Macc. [Ipu
TOM K JIeTalu MNPEAbSIBISAIOTCA OJHOBPEMEHHO NPOTHMBOPEYMBBIE TPEOOBAHUS: C
OIHOM CTOpPOHBI, INATyYH JOJDKEH 00JajaTh JOCTaTOYHOM NPOYHOCTBIO U
YCTOMYUBOCTBIO, C IPYTOi — UMETh MUHUMAIIBHO BO3MOKHYIO MACCY, TOCKOJIbKY POCT
MaccChl yXyAIIAeT JUHAMUYECKHE MTOKA3aTENN MEXaHU3Ma U MOBBIIIAET HHEPLIUOHHBIE
Harpy3ku. B TpaaumoHHONW MHKEHEPHOU MpaKTUKE MOAO0P pa3MEpOB IIaTyHa YacTo
BBIITOJTHAETCSI UTEPALMOHHO [9]. HacTo ¢ omopoi Ha SMIIMPUYECKUE PEKOMEHIAINH,
IpeaBapUTeNIbHbIE PAcu€Thl M MOCIEAYIOUIYI0 NpoBepKy. Takol moaxoa TpeOyeT
3HAYUTEIBHBIX BPEMEHHBIX 3aTPAT U BO MHOTOM 3aBHCHUT OT OMbITa KOHCTPYKTOpA.

B ycroBusx nudpoBU3aluu MHKEHEPHOU NESITEIbHOCTH O0COOYIO0 3HAUMMOCTh
npuoOpeTaeT pa3zpaboTKa alropuTMOB, MO3BOJIAIONIMX ABTOMATH3UPOBATH PaHHUE
craauu npoektupoBanuda. [nga maryna JIBC »3To o3HawaeTr mepexoa OT PYYHOrO
BbIOOpa pa3MepoB K BBIYUCICHUSM. B HHMX reomeTpusi AeTalu OIpeAessercs o
3aJJaHHBIM JKCIUTyaTallMOHHBIM MapaMeTpaM JIBUTaTellsl, XapaKTepUCTUKAaM MaTepuana
¥ KOHCTPYKTHUBHBIM OrpaHndeHusIM. [1o100Has mocTaHOBKA 3a/1a4v TTO3BOJISIET YKE Ha
JTare MPEeABAPUTEIBLHOIO MPOEKTUPOBAHMS IOJYyYaTh TEXHUYECKH pPEaanu3yeMble
BapUaHTbl  KOHCTPYKLUWH, TPUIOJHBIE JUI  MOCIEAYIOIIEro  TPEXMEPHOIO
MOJIETTUPOBAHUS.

Pa3zpaboTaHHblii aJIrOpUTM pelIaeT 3ajady [apaMeTpUdYecKoro MOCTPOCHHUS
r€OMETPUHU MIATyHa ¢ MUHUMHU3AIUEN MACChI TPU COOJIFOJIEHUN YCIIOBUW TPOYHOCTH U
YCTOMYMBOCTU. AJITOPUTM pEAIU30BaH TaK, 4YTO: CHAyaja BBIIIOJHAETCS PACUET
Harpy30K M0 UCXOIHBIM SKCIUTyaTallMOHHBIM IaHHBIM, 3aTeM (popMHpyeTCs cTapTOBast
TrE€OMETpHS, PACCUUTHIBAIOTCS €€ MAcCOBbIE U IPOYHOCTHBIE XaPAKTEPUCTHUKH, TIOCIIE

4ero ImpousBOAUTCA 4YHCICHHAsA OITHMH3AlUs IIapaMCTPOB. B wurtore pa6OTBI



aITOpUTMA TIPOBEPSAETCS MOJYUYEHHOE pellieHne Ha ocHOBe TBepaoTenbHor CAD-

MOJICIIA, 4YTO IMO3BOJIACT CBA3aTh dHAJIUTHYCCKYIO YaCTh pacqéTa U TCOMCTPHYCCKYIO.

Bb100p BXOAHBIX JaHHBIX

OcHOBOI ke pa3paOOTaHHOTO PEIICHHUS BBICTYMAaeT BHIOOP Takoro Hadopa
BXOJHBIX JAHHBIX, KOTOPBIA, C OJHOM CTOPOHBI, JOCTATOYHO IOJIHO OMHUCHIBAET
yCJIOBHS pa0OTHI MIATYHA; & C APYTrO — OCTAETCS OTPAaHUYEHHBIM U yIOOHBIM IS
MPAKTUYECKOTO UCTIOJIb30BaHUs. BxomHast nHpOpMaIus B alrOpuTME OPTaHU30BaHA B
TPU CMBICIOBBIX Oyioka. [lepBbIii OJIOK COAECPKUT MapameTphbl JABUTATEIS: TUAMETP
HUJIMHJPA, X0 MOPIIHS, MEXKOCEBOE PACCTOSIHUE IIATyHA, MAKCUMaJIbHYIO0 4acTOTY
BpallleHHs, MaKCUMajbHOE JaBJIEHHWE Ta30B, MAacCy BO3BPATHO-MOCTYMATEIbHBIX
yacTeil. OTHU BEIWYHUHBI TO3BOJISIIOT MEPEUTH OT SKCIUTyaTallMOHHOTO OMNUCAHUS
00BbEKTa K pacuéTy MEUCTBYIOUIUMX yCWIHi. BTopoil 00k xapakTepu3yeT MaTepual:
HAaUMEHOBaHWE, TUIOTHOCTb, MpPEAesl TEKYy4eCTH, Mpeaeid BBIHOCIUBOCTH, MOMIYJIb
yOopyroctu u Kodpduiument 3amaca. Tpetuil OJ0OK 3ama€T KOHCTPYKTHUBHbBIE
OTPAaHUYCHMS, B TOM YHCJI€ AUAMETPHI MOPIIHEBOTO Tajblla W IIATYHHOW IICHKH,
MUHUMAJIbHYIO TOJIIIMHY CTEHKHW U MUHUMAaJIbHBIN pagnyc CKpyTiieHus |3, 4, 8].

BbiObop HMEHHO »OTHX BXOJHBIX JIAHHBIX SABISETCS OOOCHOBAHHBIM C
WH)XCHEPHOW TOYKHM 3peHusd. JluaMeTp HuiIMHApAa U MAaKCUMaJbHOE JAaBJICHUE Ta30B
HEOOXOAUMBI ISl BBIUUCICHUS Ta30BOM CHWJIBI, OMPENENSIONed OCHOBHOW YPOBEHb
CKUMAIOUIEH Harpy3ku. Xoj MOPIIHS, paguyC KpUBOIIWIMA, JJIMHA LIaTyHAa H
MaKCUMallbHasl 4aCTOTa BPAlIEHUS UCTIOIb3YIOTCS 1JIsSI OIPEACIICHUSI KHHEMATUYECKUX
[apaMeTPOB MEXAHW3MA M pacy€Ta MHEPLMOHHOM COCTAaBIAIOLIEH HAarpy3ku. Macca
BO3BPATHO-TIOCTYIATEIbHBIX YACTEH HANIPSIMYIO BIUSET HA BEJIUUMHY CUJIBI MHEPLIUH,
a 3HAUYUT, W Ha OMACHBIM peXHUM pacTsikeHus MiaryHa. CBolicTBa MaTepuana
ONPECIISIIOT JIOMYCKAEMbIE HAINPSKEHUs, YCTOMYMBOCTD JIETAIA MPU CHKATUU U €€
Maccy. HakoHell, KOHCTpYKTHBHBIE OTpaHUYEHUS 3aal0T OOJACTh JOIMYCTUMBIX
pelIeHU, UCKITI0Uasi TeOMETPUUYECKH Hepeallu3yeMble BApUAHTBI, HATPUMEP CIUIIKOM

MaJIbIC TOJIIMHBI CTCHOK HJIM HCCOIIACOBAHHBLIC PA3MCPLI I'OJIOBOK MW CTCPIKHA. B



COBOKYIIHOCTH TaKOU Ha6op BXOOIHBIX OAaHHBIX ITO3BOJICT OIIMCATL OAHOBPCMCHHO
PCKHUM ISKCILTyaTallid, KOHCTPYKTUBHYIO COBMCCTUMOCTD ACTAJIN C ABUTATCIICM U ee

HECYITYIO CIIOCOOHOCT.

Onucanne padoThl AJAropuT™Ma

Ha nepBoM pacu€THOM dTame anropuTMm OINpPEAENSeT OCHOBHBIE HATPY3KH,
neicTByromuye Ha maTyH. [nomans nopiHs BerauciseTcs no popmyie:
A, =mD2/4 (),
riue Ap — IUIOIIAab ITOPIIHS,

D — nuameTrp nuiamHIpa,

IOCJe dYero MakKCHMajibHas Tra30Bas CHIa HaXOAHWTCS KaK IPOU3BEICHHC
MaKCHMAaJIbHOT'O JaBJICHHS ra30B Ha IJIOMIAb TOPIIHS:
Fg = Pmax * Ap (2),
rae Fy — cuna OT 1aBJIeHHs Ia30B,
Pmax — MAKCHMaJIbHOE 1aBJICHHE ra30B.
VHepliMOHHAsT COCTABIIIONIAS PACCUMTHIBACTCSA dYepe3 MacCy BO3BPATHO-
IOCTyHaTeIbHbIX YacTel U MAKCUMAJIbHOE YCKOPEHUE TOPIITHS
mae = 02142 (3),
TNIC Qg — YCKOPEHUE,
¥ — pagnyc KPHUBOIIINIIA,
@ — yTJI0Basi CKOPOCTb,
A =r/l(rne [ — nnuHa maryHa).
NHepryonHas cuia:
Fi =mapmax 4),
rae F; — cuna unepimu,
m — Macca BO3BpaTHO-TIOCTYATEIbHBIX YaCTeH.
Torma MakcuMmalnbHas Cuja CKaTHS NPUHUMAETCS KaK CyMMa Ta30BOM M

I/IHepHHOHHOI;’I COCTaBJIAIOIIUX



Fo=F4+F; (5),
a MaKCUMaJIbHas CUJIa PACTSKECHUS — KAaK HHEPILIMOHHAS COCTABIISIOIIAS:
F,=F; (6).

Takasg cxemMa COOTBETCTBYET 3aJaue MNPEABAPUTEIIBHOIO MPOCKTUPOBAHUS U
MO3BOJIAET  OBICTPO  MOJYYUTh  pacuy€THbIE  yCWUJIUSA, JOCTAaTOYHbIE IS
aBTOMATU3UPOBAHHOIO MOJI00pa reoMeTpuu [§].

Hanee anroputm GopMUpPYET CTAPTOBYIO T€OMETPHIO IIATYHA. ITOT dTaIl HYKEH
JJI  TIOJNYyYEHUsS HCXOJHOW TOYKM pacué€ra M COINOCTABJICHUS HAYaJbHOIO M
ONTUMHU3UPOBAHHOTO BApUAHTOB. [ €OMETPHSI OMUCHIBAETCS BOCEMbIO HE3aBUCUMBIMHU
rapaMeTpaMy: HapyXHbIM JAAMETPOM MAJIOW TOJOBKH, IMIMPUHOU MAJION TOJIOBKH,
HApY>KHBIM JTUaMETPOM OOJBIIONW TOJIOBKH, IMIMPUHON OOJBIION TOJIOBKH, IIMPUHON
CTepxkHs, BbIcOTON H-00pa3Horo ceuenusi, TOMIMHON 1oJIKM H-ceueHust 1 ToNuHON
cTeHKM. HauvanbHble 3HaueHus 3a4ar0TCsi 1O  MPOCTBIM  KOHCTPYKTUBHBIM
COOTHOLIEHUSAM, IIPUBA3aHHBIM K JUaMeTpaM Iajblia U MATYHHOW LIEWKH, a TAKKE K
MUHUMAJIBHO JOMYCTUMOW TOJIIMHE CTEHKU. Takod BBIOOp MEepEeMEHHBIX
HEIOCPEACTBEHHO ONpeAeisieT Maccy JAeTald, IUIOLAdb OIIaCHOIO CEYCHMUH,
KOJIbIIEBBIE O0BEMBI TOJIOBOK M YCTOMUUBOCTH CTEPKHS, TO €CTh CBA3aHbI C OCHOBHBIMU
KpUTEPUSIMHU PabOTOCTIOCOOHOCTH IIATyHA.

[locme 3amaHuss TEOMETPUYECKUX  MAPAMETPOB  BBINOJHAETCS  PaCu€r
FEOMETPUYECKUX XapPaKTEPUCTUK. BHYTpeHHME AuaMeTpbl T'OJIOBOK NPUHHUMAKOTCS
PaBHBIMU JUAMETPY MOPIIHEBOIO TMaiblla W JUAMETPY WIATYHHOM UIEWKHU
COOTBETCTBEHHO, a JUIMHA CTEPKHS OMPEAEISIETCS KAK PA3HOCTh MEXKIY MEKOCEBBIM
PAcCTOSIHUEM U MOJIOBUHAMU HApY>KHBIX TMaMeTpoB rosioBok. [nomans H-o6pa3znoro
CEUCHMS PACCUUTHIBACTCS KaK CyMMa IUIOMIAIEH ABYX MOJIOK U CTEHKH:

A= thf +t,(h— th) (7),
rae b — mupuHa ceyeHus,

h — BBICOTA CEUEHUA,

tf — TOJIIIAHA IOJIKH,

t, — TOJIIIMHA CTCHKHU.



OOBEMBI TOJIOBOK OIPEACIISIIOTCSA KaK 00BEMBI KOJIBLIEBBIX 3JIEMEHTOB, 2 00bEM
CTEP)KHSI — KakK MPOU3BEJeHUE TUIONIAAN CeYeHUsl Ha JUIMHY ctepxHs. [locie aToro
CyMMapHbIi 00bEM YMHOKAETCs Ha TUIOTHOCTh MaTepHalia, 4To MO3BOJISIET MOJIYYUTh
Maccy maryHa. Takoit moaxo 7a€T JO0CTaTOYHO TOYHYIO M TIPU STOM BBIYUCITUTEIHHO
JEmEBYI0 OIEHKY MAacChl, HEOOXOIUMYIO NJisi BKJIIOUEHHUS B IENEBYI0 (YHKIIUIO
OTNTUMU3AITIH.

[TpouHOCTHAs OIIEHKA B aITOPUTME CTPOUTCS IO IBYM KPUTEPHUSIM: CTaTHIECKAs
MPOYHOCTH 10 HOPMATbHBIM HANPSDKCHHUSIM U YCTOWYMBOCTH CTEPXKHS MPHU CIKATHUU.
Jlommyckaemoe HamnpspDKeHUEe OMpeeNseTcs AeIeHneM Ipejiesia TEKy4ecTH Marepuana
Ha kod(dunment 3amaca [3]. Hampsokenuss cxarus (0o.) U pactsokeHus (o)
BBIYHCIISTIOTCS KaK OTHOIICHUE COOTBETCTBYIOIICH CHIIBI K TUTOIIA N CEUSHUS CTCPIKHSL:

o.=F c/ A (8),
o, =F/A ),

JIJ1st OLIEHKM yCTOMYMBOCTH MCTIONB3yeTcs popmyiia Ditnepa. [IpeasapurtenbHo
Omnpe/eNsieTCsl MEHbIIMK MOMEHT wuHepiu H-o0pa3sHoro ceueHust B ciiaboi

IIITIOCKOCTH:

b3t (h=2tp)t3
Lipin = 2 12f + 12 (10),

MOCJIE Yero KpUTHUYECKas Ccuja TOTepU YCTOMYMBOCTH BBIUYMCIACTCA TIO
BBIPXCHHUIO:
F o =m2El i/ (ul)? (11),
rae £ — Moyib ynpyrocrty,
I1in, — MUHUMAaJIbHBI MOMEHT UHEPIIUH,
[ — pacuéTHas 1JIMHA CTePXKHS,

U — K03 GUIIUESHT TPUBEACHUS JITTUHBI.

3arem ompenensercs Ko3(hGUIMEHT 3amaca yCTOWYMBOCTH KaK OTHOIIECHUE

KPUTUYECKOM CHJIBI K MAKCUMAJIbHOW C)KUMAOIIEN CHUJIE:

nbuckling = Fcr/Fc (12)



TeM caMbIM aJITOPUTM YUUTBIBAET HE TOJIBKO IPOYHOCTH MO ILIOMIAAN CEYEHUS,
HO M CKJIOHHOCTh YJUIMHEHHOTO 3JIEMEHTa K MOTEPE YCTOMYMBOCTU, YTO OCOOEHHO
BYKHO JIJIsI IATYHOB, Pa0OTAIONIKUX MPU 3HAYUTEITBHBIX CKUMAIOIINX HArpy3Kax.

Oco0oe 3HavyeHWe WMeeT crmocod (opmanu3anuu 3aadyd ONTHUMH3AIUU. B
KauecTBe IIeJIeBOM (DyHKIMM TpHUHITA Macca maTryHa [6], K KoTopou no0aBisieTcs
mTpad 3a HapyIIeHUEe KOHCTPYKTUBHBIX U TIPOYHOCTHBIX OTPaHUYCHUN:

d=m+P (13),

/i€ m — Macca IIaTyHa,

P — wrtpaduas GyHKIms.

P =k A (14),

riae k; — ko3 dunneHTs! mrpada,

A; — OTKJIOHEHUS MAPaMETPOB OT JOMYCTUMBIX 3HAYEHU .

Ecnu reomeTpust He yJI0BIETBOPSET MUHUMAIIbHBIM TPEOOBAHUSM IO TOJIIKUHE
MOJIOK, CTEHKH, HAPY>KHBIM IHaMETPaM roJI0BOK, COOTHOILLIEHHIO pa3MepoB H-ceueHus
WIN KOHCTPYKTHMBHOW TOJIIIMHE CTEHOK TOJIOBOK, B II€JIEBYI0 (DYHKIIMIO BBOJMUTCS
mrpad. JomomHuTensHbI mmTpad BO3HUKAET MPU MPEBBIMICHUH JIOMYCKAEMbIX
HalnpsDKEHWM W 1OpPU  HEJOCTaTOYHOM 3amace yCTOM4YMBOCTH. B pesymbrare,
ONTUMU3ATOP CTPEMHUTCS YMEHBIIIUTH MAacCy, HO HE MOXET BEIOpaTh POPMATLHO JIETKOE
pelIeHne, ECIIU OHO OKa3bIBAETCSl KOHCTPYKTUBHO HETpUeMIIeMbIM. Takasi TOCTaHOBKa
0COOEHHO ym00Ha Il YUCICHHBIX METOOB TNIOOATBHOW ONTUMM3AIUH, TOCKOIBKY
MO3BOJISIET paboTaTh ¢ €AWMHOW CKAJIAPHOM IEeNeBON (PYHKIMEH HaKe MPU HATWYUU
Habopa orpaHUYEHUMN.

YucneHnHas ONTUMU3AIMS Pealn30BaHa B MPOCTPAHCTBE BOCKMHU MEPEMEHHBIX C
UCIIONB30BaHuEeM MeToaa auddepennuanbHoil »Bomounu  [7]. dns  xaxmow
MEPEMEHHOM 3a/1aI0TCsI IOMYCTUMbIE MHTEPBAJIbI U3MEHEHUS, CBSI3aHHBIE C pa3MepaMu
compsiraeMbIX JeTanei, MUHUMaJIbHBIMU TOJIIMHAMUA U OOIIMMH KOMIIOHOBOYHBIMU
orpannueHUsIMUA. OTAEIBHO KOHTPOJHUPYETCS T'E€OMETPUYECKasl pPeain3yeMOCTh
3a/laud: CYMMapHbI€ pPaJuyChl TOJIOBOK HE JOJDKHBI TMPEBBIIIATh MEXKOCEBOE
paccTosiHue maryHa. Ha kaxmoil urepanuu OonNTUMHU3ATOp (QOpPMUPYET OuepeaHOU

BCKTOp IrcoOMCTpUH, nepez:aéT €ro B IIpoucaypy OLCHKHU, I'IC 3dHOBO BBITHCIIAIOTCA



Harpys3Ku, Macca, HalpsHKEHUS U 3a11ac yCTOMYMBOCTH, ITOCIIE YETo M0JIy4aeT 3HaueHue
neneBol QyHkuMu. Pesynbrarom paOoThl ONTUMHU3ATOpa SIBISIOTCS CTApTOBas U
ONTHUMAaJbHAsl T'€OMETPHUM, MAcChl 1O M TOCJIE ONTUMHU3ALMM, 3HAUYECHHUS LIEJIEBOM
(YHKIMM, YUCIO UTEpAalUil M MPU3HAK YCHEHIHOCTH BBIYMCIUTEIBHOTO Mpolecca.
Hcnonbs3oBanue auddepeHunanbHoNl 3BOIOIUH OMPABAAHO TEM, YTO 3a/aya UMEeT
HEJIMHEHHBIN Xapakrep, InTpadHble J00aBKM W MOXKET COJAEpKaTh O0JIacTH
HEJOMYCTUMBIX PEIIeHWH, B KOTOPBIX TpaJWEHTHBIE METOJbl paboTalOT MeEHee
YCTOWYHBO.

Baxnas ocoOeHHOCTh pa3pa0OTaHHOTO aJIropuT™Ma —  MOCIEAYIoIas
reoMeTpuyeckas Bepu@ukauus pesyibraTa. Ilocne 3aBepuieHuss ONTUMHU3ALMH I10
HaWJIeHHBIM napameTrpam ctpoutcs TBepaorenbHas CAD-moxens maryna [10]. Tlo
MOJIENIM OMNpeAeNsIoTcss 00bEM, Macca W rabaputHble pasmepbl. Kpome Toro,
BBITIOJTHSIETCS JOTIOTHUTEIbHASI TPOBEPKA OMACHBIX CEUEHUH BJIOJb CTEPXKHS: B PsIe
XapaKTEPHBIX TOYEK MO JUIMHE ATyHa BIYUCIISIETCS IUIONIA b TONIEPEYHOTO CEUECHHUS,
[OCJIE 4Yero ONpelesieTcss MHUHUMAJIbHOE CEYeHHME U 3aHOBO OLEHUBAIOTCS
HaMpsDKEHUS. M 3amac yCTOMYMBOCTH. DTO TOBBIIIAET JOCTOBEPHOCTh PE3yJibTaTra U

JIeJIaeT arOpUTM MPUTOIHBIM s AanibHel el narerpaiuu B CAD/CAE-miporiecchr.

BbIxoaHble JaHHBIE

BoixonHbIe TaHHBIE AITOPUTMA MOXKHO Pa3AeNIUTh HA HECKOJIbKO rpymi. Bo-
NEPBBIX, POPMUPYIOTCS pe3yabTaThl 0A30BOTO pacyéTa Harpy30K: IUIONIA/lb TOPIITHS,
paanuyc KpUBOIINIA, YTIIOBask CKOPOCTh, MAKCUMAJIbHAS Ta30Basi CUJIa, MAKCUMAaJIbHAs
WHEPLUUOHHAS CWia, MAaKCHUMallbHbIE CHWJIbI CXaTUsl W pacTshKeHusa. Bo-BTOpBIX,
BBIJIAIOTCS] TTapaMEeTPhl CTAPTOBOM I'€OMETPUU U UX XapPAKTEPUCTHUKHU, YTO MO3BOJISET
OIIEHUTh MCXOJHBI ypOBEHb MacChl M MPOYHOCTH. B-TpeThUX, COXpaHSIOTCA
pe3yabTaThl ONTUMU3AIMKU: ONTUMAJbHBIE pa3Mepbl BCEX BOCBMHU I€OMETPUUYECKHUX
MEePEeMEHHBIX, Macca, 00béM, momans H-ceueHus, gomyckaembie W JIEHCTBYIOIINC
HanpspDKeHUs, Kod(PUUUMEeHThl 3amaca W (aKkT BBINOJHEHUS OrpaHuvyeHui. B-

4eTBEPTHIX, BBIBOIATCS naHHble CAD-aHamu3a: oObEM M Macca TBEPIOTEIBLHOMN



MOJIeNId, TabapuThl, pe3yJbTaThl 0a30BBIX T€OMETPUUECKUX MPOBEPOK, IUIOMIAIH
KOHTPOJIBHBIX  CEYEHWI, TOBTOPHO pACCUMTAHHBIE HANPSHKEHUS W 3amac
ycTounBocTU. [loMuMO uncioBoro oT4é€ra anroputm (GopMUpPYyeT U IKCIOPTHUPYET
utoroByto 3D-mozens B STEP-popmare, uTo nemaer noiydeHHbINH pe3yabTaT ya00HIM
JUISL TIOCTICAYIOIIEH KOHCTPYKTOPCKOM TOpabOTKH.

Jlst ipoBepku pabOTOCIIOCOOHOCTH aNrOpuTMa OBII BBITIONHEH Pacd€éT MpH
CIEAYIOIMX TNapaMeTpax: AuaMeTp LuiauHApa 82 MM, XOJ MOpIWHA 75 MM,
MaKcuMaJibHOE AaBieHue razos 6 MIla. B pesynprare onTuMu3anuu yaanoch CHU3NUTH
Mmaccy matyHa Ha 10—15 % 1o cpaBHEHHIO CO CTapTOBOW reOMETPHUEN ITPU COXPAHEHNUU

TpeOdyeMbIX K03 (HUIIMEHTOB 3amaca Mo MPOYHOCTH U YCTONYMBOCTH.

3akioueHue

B urore, pa3paboTaHHbI adrOPUTM aBTOMATHU3WPOBAHHOTO MPOEKTHUPOBAHUS
maryHa JIBC mpexacraBnsier co0oil mocneAoBaTellbHYI0 BBIYHUCIUTENIBHYIO CXEMY,
00BEIMHAIONIYIO0 3KCIUTyaTallUOHHBIE MapaMeTphbl JABUTATENs, CBOMCTBA MaTepuara,
KOHCTPYKTHUBHBIE OTPAHUYEHUS, AaHATUTHUECKUN pacu€T HArpy30K, OLIEHKY IIPOYHOCTH
U YCTOWYUBOCTH, ONTUMM3AIMOHHBIA TmOUCK W CAD-BepuduKaluio HUTOTOBOMN
reomeTpuu. [IpakTrnueckas HEHHOCTh AITOPUTMA COCTOUT B TOM, UTO OH MO3BOJISIET 32
OTpaHUYCHHOE BpeMs MEPEUTH OT Habopa UCXOJHBIX MMapaMeTpPOB K 0OOCHOBAHHOMY
MPOEKTHOMY PEIICHUIO0, MPUTOJHOMY IS TOcHeAyrouen aeranu3auvu. HayuyHas
HOBHU3HA Pa0OTHI 3aKITIOYAETCS B UHTETPAIIMU TapaMETPUUECKOTO0 CHHTE3a T€OMETPUN
IaTyHAa C aBTOMAaTHUYECKOW IMPOBEPKOM KaK IO aHAIUTUYECKOM MOJENH, TaK U IO
Ir€OMETPUYECKA ITIOCTPOCHHOMY TBEPAOTEIBHOMY IpeAcTaBieHuI0. [lepcrniexkTuBsl
pa3BUTHA NOAXOJA CBS3aHBI C YYETOM YCTaJIOCTHOM JOJTOBEYHOCTH, IEPEMEHHBIX

PEXXUMOB HArpy>KeHUsI B 00JIee MOAPOOHON KOHEUHO-3JIEMEHTHON BepUpUKAIIHECH.



Introduction

The connecting rod is one of the most critical components of the crank
mechanism [1, 5]. During engine operation, it is subjected to alternating loads [1, §]
associated with the action of gas pressure in the cylinder and inertial forces of
reciprocating masses. At the same time, contradictory requirements are imposed on the
component: on the one hand, the connecting rod must have sufficient strength and
stability; on the other hand, it must have the minimum possible mass, since an increase
in mass worsens the dynamic characteristics of the mechanism and increases inertial
loads. In traditional engineering practice, the selection of connecting rod dimensions is
often performed iteratively [9]. Often based on empirical recommendations,
preliminary calculations, and subsequent verification. Such an approach requires
significant time and largely depends on the experience of the designer.

In the context of the digitalization of engineering activity, the development of
algorithms that allow automation of the early stages of design becomes particularly
important. For an internal combustion engine connecting rod, this means a transition
from manual selection of dimensions to calculations. In these calculations, the
geometry of the component is determined based on the specified operating parameters
of the engine, material properties, and design constraints. Such a formulation of the
problem makes it possible, already at the preliminary design stage, to obtain technically
feasible design options suitable for subsequent three-dimensional modeling.

The developed algorithm solves the problem of parametric construction of the
connecting rod geometry with mass minimization while satisfying strength and
stability conditions. The algorithm is implemented in such a way that: first, loads are
calculated based on the initial operating data; then, an initial geometry is formed; its
mass and strength characteristics are calculated; after which numerical optimization of
parameters is performed. As a result of the algorithm, the obtained solution is verified
using a solid CAD model, which makes it possible to link the analytical part of the

calculation with the geometric representation.



Selection of input data

The basis of the developed solution is the selection of such a set of input data
which, on the one hand, sufficiently fully describes the operating conditions of the
connecting rod, and on the other hand remains limited and convenient for practical use.
The input information in the algorithm is organized into three semantic blocks. The
first block contains engine parameters: cylinder diameter, piston stroke, center-to-
center distance of the connecting rod, maximum rotational speed, maximum gas
pressure, and the mass of reciprocating parts. These values make it possible to move
from a descriptive representation of operation to the calculation of acting forces. The
second block characterizes the material: name, density, yield strength, endurance limit,
modulus of elasticity, and safety factor. The third block defines design constraints,
including the diameters of the piston pin and crankpin, minimum wall thickness, and
minimum fillet radius [3, 4, 8].

The choice of these particular input data is justified from an engineering point of
view. The cylinder diameter and maximum gas pressure are required to calculate the gas
force, which determines the primary level of compressive load. The piston stroke, crank
radius, connecting rod length, and maximum rotational speed are used to determine the
kinematic parameters of the mechanism and to calculate the inertial component of the
load. The mass of reciprocating parts directly affects the magnitude of the inertial force
and, consequently, the critical tensile loading condition of the connecting rod. Material
properties determine allowable stresses, the stability of the component under
compression, and its mass. Finally, the design constraints define the feasible solution
space, excluding geometrically unrealizable options, such as excessively small wall
thicknesses or inconsistent dimensions of the heads and the shank. Taken together, this
set of input data makes it possible to simultaneously describe the operating conditions,
the design compatibility of the component with the engine, and its load-bearing

capacity.



Description of the algorithm operation

At the first calculation stage, the algorithm determines the main loads acting on
the connecting rod. The piston area is calculated using the formula:
A, =mD?/4 (1),
where A, — piston area,
D — cylinder diameter,
after which the maximum gas force is determined as the product of the maximum
gas pressure and the piston area:
Fg=Pmax-4p (2),
where F, — gas pressure force,
Pmax — Maximum gas pressure.
The inertial component is calculated using the mass of reciprocating parts and
the maximum piston acceleration:
Amax =TW2(1 + 1) (3),
where a,,,, — acceleration,
r — crank radius,
w — angular velocity,
A =1/l (where [ — connecting rod length).
The inertial force is:
Fi =mapqy 4),
where F; — inertial force,
m — mass of reciprocating parts.
Then the maximum compressive force is taken as the sum of the gas and inertial
components:
Fc=F4+F, (5),
and the maximum tensile force is taken as the inertial component:

F,.=F, (6).



This scheme corresponds to the problem of preliminary design and makes it
possible to quickly obtain the calculated forces sufficient for automated geometry
selection [8].

Next, the algorithm forms the initial geometry of the connecting rod. This stage
1s required to obtain the starting point of the calculation and to compare the initial and
optimized variants. The geometry is described by eight independent parameters: the
outer diameter of the small end, the width of the small end, the outer diameter of the
big end, the width of the big end, the width of the shank, the height of the H-section,
the flange thickness of the H-section, and the wall thickness. Initial values are assigned
based on simple design relationships linked to the diameters of the piston pin and
crankpin, as well as to the minimum allowable wall thickness. Such a choice of
variables directly determines the mass of the component, the area of the critical section,
the ring volumes of the ends, and the stability of the shank, that is, they are related to
the main performance criteria of the connecting rod.

After defining the geometric parameters, the calculation of geometric
characteristics is performed. The inner diameters of the ends are taken equal to the
diameter of the piston pin and the diameter of the crankpin, respectively, and the shank
length is determined as the difference between the center distance and half of the outer
diameters of the ends. The area of the H-shaped section is calculated as the sum of the
areas of two flanges and the web:

A =2bts + t,(h — 2ty) (7),

where b — section width,

h — section height,

tr — flange thickness,

t,, — web thickness.

The volumes of the ends are determined as the volumes of ring elements, and the
volume of the shank is calculated as the product of the cross-sectional area and the
shank length. After that, the total volume is multiplied by the material density, which

makes it possible to obtain the mass of the connecting rod. This approach provides a



sufficiently accurate and computationally inexpensive estimate of mass required for
inclusion in the objective function of optimization.

The strength assessment in the algorithm is based on two criteria: static strength
in terms of normal stresses and stability of the shank under compression. The allowable
stress 1s determined by dividing the material yield strength by the safety factor [3].
Compressive (o.) and tensile (og;) stresses are calculated as the ratio of the
corresponding force to the cross-sectional area of the shank:

o.=F./A (),
o, =F/A ),

To evaluate stability, Euler’s formula is used. First, the minimum moment of

inertia of the H-section in the weak plane is determined:

b3ty + (h—2tp)t3)
12 12

Lpin = 2 (10),

after which the critical buckling force is calculated as:
Fer =m2EDLpin/ (U2 (11),

where £ — modulus of elasticity,

I nin — minimum moment of inertia,

[ — length of the shank,

u — effective length factor.

Then the stability safety factor is determined as the ratio of the critical force to
the maximum compressive force:

Npuckling = Fcr/Fc (12).

Thus, the algorithm takes into account not only strength based on cross-sectional
area but also the tendency of a slender element to lose stability, which is especially
important for connecting rods operating under significant compressive loads.

Of particular importance i1s the formulation of the optimization problem. The
objective function is taken as the mass of the connecting rod [6], to which a penalty is
added for violation of design and strength constraints:

d=m+P (13),



where m — mass of the connecting rod,



P — penalty function.

P=Yk-8 (19,

where k; — penalty coefficients,

A; — deviations of parameters from allowable values.

If the geometry does not satisfy the minimum requirements for flange thickness,
wall thickness, outer diameters of the ends, proportions of the H-section, or structural
wall thickness of the ends, a penalty is introduced into the objective function. An
additional penalty occurs when allowable stresses are exceeded or when the stability
margin is insufficient. As a result, the optimizer seeks to reduce mass but cannot select
a formally lightweight solution if it is structurally unacceptable. Such a formulation is
particularly convenient for numerical global optimization methods, since it allows
working with a single scalar objective function even in the presence of a set of
constraints.

Numerical optimization is implemented in an eight-dimensional variable space
using the differential evolution method [7]. For each variable, admissible ranges are
specified, associated with the dimensions of mating parts, minimum thicknesses, and
general layout constraints. Geometric feasibility is also controlled: the sum of the radii
of the ends must not exceed the center distance of the connecting rod. At each iteration,
the optimizer generates a new geometry vector, passes it to the evaluation procedure,
where loads, mass, stresses, and stability margin are recalculated, and then obtains the
value of the objective function. The result of the optimizer is the initial and optimal
geometries, masses before and after optimization, objective function values, number of
iterations, and a success flag of the computational process. The use of differential
evolution is justified by the nonlinear nature of the problem, the presence of penalty
terms, and possible regions of infeasible solutions in which gradient-based methods are
less stable.

An important feature of the developed algorithm is the subsequent geometric
verification of the result. After optimization, a solid CAD model of the connecting rod
is built based on the obtained parameters [10]. From the model, volume, mass, and

overall dimensions are determined. In addition, an additional check of critical sections



along the shank is performed: at several characteristic points along the length of the
connecting rod, the cross-sectional area is calculated, after which the minimum section
is identified and stresses and stability margin are recalculated. This increases the

reliability of the result and makes the algorithm suitable for further integration into

CAD/CAE processes.

Output data

The output data of the algorithm can be divided into several groups. First, the
results of the basic load calculation are generated: piston area, crank radius, angular
velocity, maximum gas force, maximum inertial force, maximum compressive and
tensile forces. Second, the parameters of the initial geometry and their characteristics
are provided, which makes it possible to assess the initial level of mass and strength.
Third, the results of optimization are stored: optimal values of all eight geometric
variables, mass, volume, H-section area, allowable and actual stresses, safety factors,
and verification of constraint satisfaction. Fourth, the data of CAD analysis are output:
volume and mass of the solid model, overall dimensions, results of basic geometric
checks, cross-sectional areas at control sections, recalculated stresses and stability
margin. In addition to the numerical report, the algorithm generates and exports the
final 3D model in STEP format, which makes the obtained result convenient for further
design refinement.

To verify the performance of the algorithm, a calculation was performed with
the following parameters: cylinder diameter 82 mm, piston stroke 75 mm, maximum
gas pressure 6 MPa. As a result of optimization, it was possible to reduce the mass of
the connecting rod by 10—-15% compared to the initial geometry while maintaining the

required safety factors for strength and stability.



Conclusion

As a result, the developed algorithm for automated design of an internal
combustion engine connecting rod represents a sequential computational scheme that
combines engine operating parameters, material properties, design constraints,
analytical load calculation, strength and stability assessment, optimization search, and
CAD-based verification of the final geometry. The practical value of the algorithm lies
in the fact that it allows, within a limited time, to move from a set of initial parameters
to a justified design solution suitable for further detailing. The scientific novelty of the
work consists in the integration of parametric synthesis of the connecting rod geometry
with automatic verification both by an analytical model and by a geometrically
constructed solid representation. Prospects for further development of the approach are
associated with taking into account fatigue durability, variable loading conditions, and

more detailed finite element verification.
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