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OCOBJIMBOCTI MOJAEJIOBAHHSA HABI'AHHSA KPYTHUX MOMEHTIB B
HIACUCTEMI PO3IIOAIVIBHOI'O BAJTY BATTATOLHUJIITHAPOBOT'O
TEIIJIOBO3HOI'O JU3EJIA

Cmammsi npucesiuena sUceimieHtio 0CcoOIUe0Cmel MOONOGAHHS HADIeAHHS KPYIMHUX MOMEHMI8 8 niocucmemi
Po3n0dinbHo20 sany ousens. Ilpedcmasneno nioxio 00 MoOent08anHs QOPMYBAHHL KPYMHUX MOMEHMIE 8 nepepizax
PO3NOOIILHO2O ANy 3 YVPAXYBAHHAM OCOOIUBOCMEU KOHCMPYKYIL Mexaniynoi cucmemu ouzens. Onucaunus
HAnpys’ceH020 Cmamy elemenmie KOHCMpYKYii HeoOXiOHo 0Ji1 MOOe08AHHS 0eqhOPMOBAHO20 CIMAHY PO3NOOLILHO20
sany. Hasedeni pexomenoayii ujo00 nooansuio2o GUKOPUCTNAHHSL OMPUMAHUX Pe3YIbIamis.

Knrouosi cnosa: menno6os, mexaniuna cucmema, po3nooiibHUll 64Jl, HANPYICEHUL CIMAH.

ITocranoBka npodsaemu

3ami3HUYHUI ~ TpaHCIOPT € BaXJTUBOIO
CKJIaJIOBOIO TpaHCHOpTHOI Mepexi Ykpainu. Lle
O0yMOBJIEHO B HEOOXiZHOCTI  00CIyroBYBaHHSI
BEJIMKMX TOTPe0 Y 3alli3HUYHHUX TEPEeBE3CHHIX Ta
AKICTIO HAJaHHA MOCIYT AK y BaHTQXHOMY TaKk iy
Naca)XxupcbkoMy pyci. JloTpuMaHHsI HAJIEKHOTO PiBHS
SIKOCTI ~ OOCIyrOBYBaHHs, sIKMil  0Oe3mocepeaHbo
3aJIOKUTh BiJl CTAHY ICHYIOUOT'O TATOBOTO PYXOMOTO
CKJIaly, MOXIHMBO JIMIIE 32 YMOB MiITPUMKH
HAJIOKHOTO PIBHA HAIIMHOCTI Ta Mpane3laTHOCTI
JIOKOMOTUBHOT'O TIAPKy Y Kp3aJli3HUILII. 3HAYHA YacTKa
BAHTa)KHOTO 1 MACa)KUPCHKOI0 PYXOMOTO CKJIaxy, L0
€KCIUTYaTyIOThCS Ha HeelneKTpu(iKoBaHMX
3ami3HuyHuX Mepexxax Ykpainu (2TE116, TEII70),
obnagHana V-TOMIOHOI EHEPreTHYHOK YCTaHOBKOIO,
TOMY OCOOJHMBOro 3Ha4YeHHs HaOyBae mpoOiiema ix
eKCIUTyaTaIliiHol HaaidHOCTI Ta JoBroeiuHocti [1]. 3

ypaxyBaHHSM  IbOFO  BHUHHMKA€E  HEOOXIJHICTh
MPOBECHHS PO3paxyHKOBO-EKCIIePUMEHTAIBEHHUX
JOCTI[UKEHb  HANpPY)KeHO-Ie(OpMOBAHOTO  CTaHY

BIMOBIJANIEHUX JeTajJeld Ta arperaTiB AWU3eNs, cepes
SIKFX 0cOoOJIHBE Miciie mmocifae po3noainsHuii Bai (PB).
Taki JoCHmiPKeHHS, B CBOIO dYepry, MOTpPeOyIOTh
MPOBENEHHS B SKOCTI OTHOTO 3 €TamiB 3aXO.w,
CIpsSIMOBaHI Ha PO3POOKY BiANOBITHOI MaTEeMAaTHIHOL
MOJIeNi, $Ka BpPaxOBYE OCOONUBOCTI (OpPMYBaHHS
KpYTHUX MOMEHTIB, 110 HabirarTh, B miacucremi PB.
ToMy mocmikeHHS, CHOPSIMOBaHI Ha PO3POOKY
MaTEeMaTH9IHOI MOJIENi, SKa BpPaXOBYE OCOOJIMBOCTI
KOHCTPYKIIii MEXaHITHOT CHCTEMH
0araTOMWIIHAPOBOTO  TEIUIOBO3HOTO  OW3enms i
JI03BOJSIE  OTPUMATH  PE3yJAbTaTH  MOIETIOBAHHS
HaIIPY>KEHOI' O CTaHy PB Om3BKOTO 0
eKCIUTyaTaIliIfHNX  TMOKa3HWKiB, CIil  BBaXKaTH
aKTyansHuMHE [2].

AHaJii3 ocTaHHIX J0caizKeHb 1 myOaikamii

Amnani3 nmitepatypHux prepen [3 — 5] mokasas,
0 Ha TeMepiliHi Yac NPOBOMATHCS YHCENbHI
TEOpETHYHI  BHUIIYKYBAaHHA  IOAO  HANpyXeHOo-
neopMoOBaHOr0  CTaHy  €JIEMEHTIB  KOHCTPYKIIi
MEXaHIYHUX CHCTEM TEXHIYHHX  3aco0iB,  sIKi
3/1e01IBIIOrO CIPSIMOBAHI Ha TEOPETUYHI JJOCIIKEHHSI
sBUIA (GOPMYBaHHS HANPYXEHb ITiJ] €0 30BHILIHIX
HaBaHTaXkeHb. B TOH K€ yac NUTaHHA, NOB’sA3aHI 3
MPaKTHYHAM BUSBJICHHSIM Ta OITUCAHHAM
ocobnmuBocTell  (opMyBaHHsS ~ HaBaHTQXEHb  Ha
EIEMEHTH MEXaHIYHOI CHCTeMH 3 YypaxXyBaHHIM
0COONMMBOCTEH KOHCTPYKIII Cy4acHOro pyXxOMOTo
CKJIaJly HE 3HAWIUIM J0CTaTHHOrO BHCBITIEHHs. lle
VYCKJIAIHIOE ~ BUPIIICHHS  aKTyalbHOi  3aja4i 3
I IBUILEHHS HaAIMHOCTI Ta JOBIOBIYHOCTI MEXaHIYHOI
CHCTEMH CY4aCHOTO TSTOBOTO PYXOMOIO CKJIaay B
LJIOMY.

MeTor0 CTaTTi € BHCBITJIEHHS PO3POOJIEHOTrO
MiIXOMy  MOJENIOBAaHHS  HABAHTAKEHOIO  CTaHY
PO3MOAITBFHOrO BaIy 3 BHKOPHCTAHHSAM PO3POOICHOL
MaTeMaTHYHOI MOZENI, IO BPaxOBYE OCOOIMBOCTI
KOHCTPYKIIil MEXaHIYHOI CHCTEMH TATOBOTO PyXOMOT'O
CKJIANTY.

Buxiax ocHOBHOro Marepiasry

Cepen psiiy eTamiB OCIHIHKEHb HABAHTa)KEHOT'O
CTaHy €IIEMEHTIB MEeXaHIgHOT CHUCTEMHU
OaraToIIIiHAPOBOTO TEMIIOBO3HOTO M3
TIEPIIIOYESPTOBHM € OIHCAHHS 0COOIMBOCTEN B3a€MOJIIT
MDK MIICHCTEMaMH JIOKOMOTHBHOI CHEPTeTHYHOI
YCTaHOBKH. 3 METOIO AOCIIKEHHS TaKoi B3aEMOIii Ha
TOTIepeAHROMY eTari Oyma po3pobiieHa CTPYKTYPHO-
(yHKIIIOHaTBHA ~ CXe€Ma  MEXaHIYHOi  CHCTeMH
JIOKOMOTHBHOI eHepreTnyHoi ycraHoBku (puc.l) [6].
[Tpu po3pobiii cxemy BUIIIIEHO HACTYIIHI MiACHCTEMH:
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- TIPB — migcucrema poO3NOIIIBHOTO Bally - IIIIM - migcucreMa  mepegaTOYHOTO
(Bxutouae psin cexuiit CPB); MeXaHi3My;
- TIIIM — migcucrema MUIIHAPOBUX MOIYIIB; - IIIO -  migcmcreMa  JONMOMIKHOTO
- TIKB — migcucTeMa KOIHIATOrO Bamy, o0JIagHaHHS.
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Puc. 1. CtpykTypHO-(pYHKIIIOHAIbHA CXeMa MEXaHIYHOI CHCTEMH JIOKOMOTHUBHOT
€HEPreTUYHOI yCTaHOBKHU.
BuiHO, 110 HaBaHTaXEHHS B  IiJICHCTEMI nopsinky poborn. Tak Ha puc. 2 — 5 HaBeneHO

PO3IIOAUTFHOrO Bally (hOPMYIOTBCS Bif Aii BXiJHOTO
kpyrHoro momeHty II[IM Ta HaGiraHHs KpYTHHX
MomeHTIB psay CPB, sxi B CBOIO uepry BKIIIOYAIOTH
HAaBaHTAKEHHSA B Iepepi3zaxX KyJauKOBHX MEXaHi3MiB
razoposmoniry (KMI'P) Tta mpuBomy mammBHHX
Hacocis Bucokoro ticky (ITITHBT). Ipu mibomy cimin
3ayBa)KHTH, III0 OCOOIUBOCTI KOHCTPYKIIi V-TI0miOHIX
JM3eNiB nepeadadaroTh (JOPMYBAHHS HABAHTAKCHH B
niepepizax CPB Bix aii muniaapis 3 ocaoarM (OLL) Ta
mpu npudinaM (I11) maTyHamu y BiIHOBITHOCTI 10
nopsiaky ix poboru. Hampuwman 16-umninaposa
eHepretmgHa ycraHoBka 2B9JATI 16UH26/26 wmae
MOPSIOK podoTH WIiHAPIB 11p-41-5np-20-71p-6:1-
3np-11-8mp-5n-4mp-7n-2mp-31-6mp-81, 20-
mwriegpoBa - 11-10mp-7n-4np-2n-9np-671-S1p-3i1-
8mp-10:1- 1 1p-41-711p-911-211p-511-611p -8 11-3 11«

I[le  BH3HAYWIO  HANPSIMOK  IOAAJBIINX
JOCHi/KeHb, [0  TIOJsra€e y  BHU3HAYCHHI
HaBaHTa)KEHHS, 110 Jii€ B epepizax okpemux KMI'P ta
[ITH 3 momapIINM iX 3MIIIEHHSAM Y BiAIIOBITHOCTI 110

pe3yabTaTd MOJENMIOBaHHA (OPMYBaHHS KpYTHHX
MOMEHTI B Tepepi3ax BIYCKHHX Ta BHITYCKHHX
(KMI'P), mamuBuux (ITITHBT) kymaukiB, a Takox B
mepepizi MPUBIAHOI IIeCTepHI PO3MOAUTFHOTO Baly
(Bximumit kpyrtHmid MomeHnt Bim aii [IIIM). Cmin
3a3HAYMTH, 10 3HAYCHHS KPYTHOTO MOMEHTY, LIO JIi€ B
nepepisi KyJaukiB OTpHMaHi 3 y3aralbHeHoi (opMyITH:

Top=(F+Fyp+F)sing, (@
ne F — cuima, 1m0 BU3HAYAETHCS 3aKOHOM 3MIHH

THCKY B HaJl IUTyH)KEPHOMY IIPOCTOPI IS TTAJMBHOTO
Kyllauka, abo TpWBEeHI IO PpOJHMKA CHIXA Bim il
UITIHAPIB TS BIYCKHOTO Ta BUITYCKHOTO KYJIAUKiB;

F., — cuna npyxus;

Fi — cuna imepuii mnymxepa abo MexaHi3My
NPUBO/IA KIIAIaHiB;

y — KYT THCKY.
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Y ne Vq — aHamor IMBHIKOCTI IUTyHXepa abo
y = arctg q (2) mToBxada,
Rpou +S+Rp Ry0v — paziiyc MoYaTKoOBOro Kola Ky/IauKa;
S — mepeMinieHHs IUTyH)Xepa abo IToBXaya;
R, — paniyc ponuka.
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Puc. 2. ®opmyBaHHsI KDYTHOTO MOMEHTY B Tiepepisi

BITYCKHOT'O KyJIauKa B 3aJIEKHOCTI BiJl KyTa OBOPOTY
KOJIIHYaTOro BaJly
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Puc. 3. ®opmyBaHHsI KDYTHOTO MOMEHTY B Tiepepisi
MAJIMBHOTO KyJIayKa B 3aJIGKHOCTI BiJ KyTa IIOBOPOTY
KOJIIHYaTOr0 Baly

Ha ocHOBI BUKOpUCTaHHS y3arajibHeHUX (HOpMYI
[7,8] orpumani wmacuBu KpPYTHHX MOMEHTIB B
mepepizax kymaukiB KMIP Ta ITIIHBT. Hlxixom
BUKOHAHHS TPAHCIO3WIIN 1 JIHIHHUX ONeparmii Has
MAaTPHUIIMH, MOKIIMBO OTPUMATH GJI0UHY MaTpuito [9,
10] HaBaHTaKEHHS PO3TIOIIIBUOTO BATY, KA BKIIFOUAE
BEKTOP-CTOBIIELlb HABAaHTAXXCHHS, IO (OPMYETHCS B
mepepisi mpuBigHOI mectepHi. [Ipu boMy BpaxoBaHO
0COOJTMBOCTI KOHCTPYKINI MOAYMSA Ta30pO3MOILTY,
cepex SKUX MO)KHA BHIUIMTH T€ IO KOXKEH KYJIa4oK
crpuiiMae HaBaHTAXKEHHA BiJ MEXaHI3MIB OIHOTO
AT HIPOBOT'O MOIYIISAL.

Po3pobrena mareMaTndHa MOAETH Ta TPOBEICHI
PO3paxyHKOBI HOCTiIKEHHS 3 BHUKOPUCTAHHIM IIi€l
MOJIeITi Ta 3alpPONOHOBAHOTO MiAXOMY, M0 0a3yeThes
Ha BU3HAYEHHI KPYTHHX MOMEHTIB B nepepizax KMI'P
ta [IITHBT 3a nomomoroto y3araabHeHHX (OpMyn Ta

METOIIB JIO3BOJIHIIH OIHCATH

MaTpUIHUX
CTaH pO3HO,Z[iJ'IBHOI‘O Balty

HaBaHTaKCHUH

Puc. 4. ®opmyBaHHS KPYTHOTO MOMEHTY B Iiepepisi
BUITYCKHOT'O KyJIauKa B 3aJI€KHOCTI BiJ KyTa
MOBOPOTY KOJIIHYATOrO BaJly
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Puc. 5. ®opmyBaHHs KpyTHOrO MOMEHTY B TIepepisi
MPUBIIHOT IIECTEPHI B 3aJIKHOCTI BiJl KyTa IIOBOPOTY
KOJIIHYATOro Baty

0araToLIiHIPOBOTrO TEIUIOBO3HOI'O IU3eIs.
MonentoBanHs ~ mokasaynio,  I0  (opMyBaHHS
HaIlapyBaHHA KPYTHUX MOMEHTIB IO IMIIHAPOBHUX
MOIyJAsX  BigOyBaeThbcs y  BIONOBIOHOCTI 10
0CcOONMMBOCTEH KOHCTPYKINI MEXaHIYHOI CHCTEMH
JIOKOMOTHBHHX €HEPTeTHYHHUX YCTaHOBOK. Cmif
3a3HAYUTH, M0 Take HEPIBHOMIpHE pPO3MOAiITICHHS

KPYTHUX MOMEHTIB TI0 TTepepizax po3MOAIIFHOTO Bally
MOJAJTBIIHX

MOBMHHE  OyTH  BpaxoBaHE B
PO3paxyHKOBHX  JIOCHIDKCHHAX  HANPYXEHO  —
neOpPMOBAHOTO CTaHy €JEMEHTIB  KOHCTPYKIIii
MeXaHIgHOT CUCTEMH OaraTONMIIHIAPOBUX

JIOKOMOTHUBHHUX ,I[I/ISGJ'IiB.
BucHoBKH Ta npono3uuii moaaJbIIux
JOCJIIKEHD

PosrnsHyTI B cTAaTTi OCOOMUBOCTI MOJCITIOBAHHS

HaOiraHHs! KPYTHHX MOMEHTIB B  MiAcCHCTeMi
PO3TIOITEHOTO Bally 6araToIIiHAPOBOTO
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3aniznuunuil mpancnopm

TETUIOBO3HOI'O JIM3ENIsl, 3alpONOHOBaHA MaTeMaTUYHA
MOIENlh Ta peKOMEHAamii 3 1 BUKOPHCTaHHS
JIO3BOJISTIOTH TIPOBOJUTH MOJICITIOBAHHS (hOPMYBaHHSI
HaBaHTaXXEHb B TIiepepizax PB, mo BUHWKAIOTE B
MEXaHIYHUX CHCTEMaxX CHEPreTHYHHX YCTAaHOBKaX
JIOKOMOTHUBIB. OTpHMaHi pe3ylIbTaTd MOXYTh OyTH
BUKOPDHCTaHI Uil JIOCHIDKEHHS  OJHM3BKOrO  JI0
EKCIUTYaTaIlifHOr0 HANpYyXeHO — Je(hOopMOBaHOIO
crany PB, mo mae BakiMBe 3HAYEHHS I OIIIHKH
eKCIUTyaTaIlifHOl ~ HaJIHOCTI Ta  JOBTOBIYHOCTI
0araTOIMIIHAPOBUX TETUIOBO3HUX JH3CIiB.
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Of particular importance is the problem of operational reliability and durability of locomotive power units
(diesel engines), which equip a significant portion of freight and passenger rolling stock operating on non-electrified
railway networks in Ukraine. This necessitates conducting computational and experimental studies of the stress-strain
state of critical diesel engine parts and assemblies, among which the camshaft holds a special place. At the same time,
such studies require, as one of the stages, measures aimed at developing an appropriate mathematical model that
considers the peculiarities of formation of accumulating torque moments in the camshaft subsystem. Therefore,
research aimed at developing a mathematical model that considers the design features of the mechanical system of a
multi-cylinder locomotive diesel engine and allows obtaining simulation results of the camshaft stress state close to
operational indicators should be considered relevant.

The article highlights an approach to modeling torque accumulation in the diesel engine camshaft subsystem
using a mathematical model developed by the authors, which takes into account the design features of the mechanical
system of modern traction rolling stock. A structural-functional scheme of the locomotive power unit (LPU)
mechanical system is presented, which was developed to study the interaction between its subsystems, the description
of which is paramount among the series of stages in studying the loaded state of the LPU mechanical system elements.
This scheme contains several subsystems, namely: the camshaft subsystem; cylinder modules; crankshaft;
transmission mechanism; and auxiliary equipment. Its analysis allowed noting that loads in the camshaft subsystem
are formed from the action of input torque and accumulation of series torque moments, which in turn include loads
in the sections of valve gear cam mechanisms and high-pressure fuel pump drives.

The presented results show the modeling of torque formation in the sections of intake and exhaust valves of the
valve gear mechanism, fuel cams, and in the section of the camshaft drive gear. Generalized formulas are provided,
which allowed obtaining arrays of torque moments in the sections of valve gear cam mechanisms and high-pressure
fuel pump drives. It is noted that the formation of torque layering across cylinder modules occurs in accordance with
the design features of the LPU mechanical system. Recommendations for further use of the obtained results are
provided.
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