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Hucepraiiss Ha 3700yTTS HAYKOBOTO CTyINeHs JokTtopa (inocodii 3a
cnerianphicTio 133 ‘TanyseBe mamuuoOynyBanus’ (13 “MexaniuHa iHKeHepis'). —
Hamionansuuit yaiBepcutet “JIbBiBchbka momiTexnika’, JIpBiB, 2021.

Juceprailisi mpucBsiu€Ha AOCTIIKEHHIO, PO3POOJICHHIO METOJIMKU PO3PAXyHKY Ta
BIOCKOHAJICHHIO ~ KOHCTPYKIIi  TAroBo-3uimHux  mpuctpoiB  (T3II)  komicHux
TPWJIAHKOBUX TPAHCIIOPTHUX 3aco0iB (aBromoi3miB). HaykoBe oOrpyHTyBaHHS Ta
OTpALIOBAaHHA METOAMKMA BHU3HAUYEHHS KIHEMATHMYHUX Ta CHUJIOBUX XapaKTEPUCTHK,
po3paxyHkiB Ha MminHicTh T3Il 1 Ha iX OCHOBI PO3pOOJEHHS Ta BIPOBAIKEHHS Yy
BUPOOHUIITBO MPOTPECUBHUX KOHCTPYKLIM TAKUX MPUCTPOIB JAIOTh 3MOTY MiJBUILUTH
3arajioM eKCIUTyaTalliiiHi TMOKa3HUKKA TpuiankoBux apromoizmie  (TJIAII), 1o
Ha0yBarOTh MOMMPEHHA y AesKuxX KpaiHax €C Ta akTyanbH1 i 11 YKpainu.

O6’exTOM JOCHIKeHb BUOpPAHO TIPOIEC PyXy TPUIAHKOBOTO aBTOMOi3Aa 3
IPYKHO-AEMII(PYIOUUMU TATOBO-34IMMHUMU MPUCTPOSIMU B MEPEXITHUX PEKUMAX.

[IpenmeToM noCHiKEHb € MiABUIIECHHS €()EKTUBHOCTI POOOTH TATOBO-3UIMHUX
NPUCTPOIB TPUIIAHKOBOTO aBTOMOI3/]a Y IEPEXITHUX PEKUMAX PYXY.

Metoto pobOTH € 3MEHINIEHHSI TUHAMIYHUX HABaHTa)XCHb TATOBOTO MPHUBOAY Ta
MIJBUIICHHS CTIMKOCTI PyXy TPHJIAHKOBHUX aBTOIOI3/1B BEJIMKOI TOHHAXXHOCTI HMUISIXOM
BJJOCKOHAJICHHSI KOHCTPYKIII Ta €PEeKTUBHOCTI MPY>KHO-AEMIPYIOUUX XapaKTEPUCTUK
TATOBO-3YIMHUX MPHUCTPOiB. JJI MTOCATHEHHS MOCTABICHOI METH y3arajJbHEHO BiJIOMI
JOCIIDKEHHS 1110710 OaraTosiaHkoBUX aBTomnoi3iB 1 T3I1 Ta Ha X OCHOBI OOIPYHTOBAHO
OCHOBHI MNpUHIUNN BAockoHanmeHHs KoHcTpykuii T3II, po3pobieHo meToauky
KOMIUIEKCHOTO  JIOCTIJKEHHS JUHAMIKM (YHKI[IOHYBAaHHS Ta ONTUMI3AIIMHOTO
pO3paxyHKy iX mapameTpiB.

HaykoBa HOBHW3Ha OJepKaHMX pe3yJbTaTIiB MOJSATAaE y TOMY, IO BIIEpPIIE
OmpalbOBaHa METOAMKA JOCIIPKEHHS OUHaMIKM HaBaHTaxeHb T3I1 TpumaHkoBux

aBTOMOI3/IB Ta BIAMNOBIAHOTO PO3PaxyHKY HEOOXIIHUX MPYKHO-AEMIPYOUnX
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xapakrepuctuk T3I1 3 ypaxyBaHHAM crenu@iki KOHCTPYKLIM TPHIAHKOBUX
aBTOMOI3/1B. /{7151 3MEHIICHHS MIKOBUX JUHAMIYHUX HABAaHTAKEHb, HACAMITEPE]] TIiJ] 9ac
pymianHs 3 wicisg BenukoToHHaXHMX TJIAIL, omparboBaHO pekoMmeHaaIi 11010
BBeIeHHS B KOHCTpyKuito T3Il mnpuyeniB iHepuiiHO-neMndyodoi JTaHKA Ta
3aIPOIIOHOBAHO BIJINMOBIIHI KOHCTPYKTHBHI pillieHHs. BpaxoByroun 6araToBapiaHTHICTb
cxeM QopmyBanusa TJIAII, 30kpema komOiHaIlli 13 HamiBOpUYEeNaMHd Ta OIMOPHUMH
Biskamu tuny Dolly, 3anponoHoBaHO BUKOPHCTOBYBAaTH Irpad KOHCTPYKTHBHUX CXEM
aBromnoizaiB 1 T3II mig yac koHcTpyroBaHHA HOBUX KoHCTpykiid T3II 1, BiAMOBigHO,
3aCTOCOBYBATH 1X 3BHYHE MaTeMaTWYHE OMHCAHHS Ha OCHOBI mpuHIMMyY [lamambepa.
VY nockoHaNIeHO MaTeMaTUYHy MOJIenb pyXy aBtomnoizna momao TJIATIL, sika, Ha BiaMiHY
Bl BIJOMHX, Ja€ 3MOry O€3MOCepelHbO BU3HAYUTU BEJIMYMHUA MaKCHUMAaJIbHUX
nuHaMIYHUX HaBaHTakeHb Ha TJIAII B mepeximHMX pexuMax HWOTO pyxy Ta
JOCIIJIKYBATH, MPU IbOMY, XapakTepucTuku BIUBY T3I1 pisHOMaHITHUX KOHCTPYKIIIH.
Po3BUHEHO BUKOPHUCTAHHS CYy4acCHUX METOJ1B MAaTEMaTUYHOI'O MOJEIIOBaHHS, 110 a0
MOJKJIMBICTh BCTAHOBUTH 3aKOHOMIPHOCTI BIUIMBY KOHCTPYKTHUBHUX mapametpiB TJIATI
1 T3I1 Ha MoOKa3HUKU PpyXy aBTOIOI3/1a i OOIPyHTYBaTU KOHCTPYKTUBHI napametpu T3I1
TJIAII 3 ypaxyBaHHSIM YMOB pyXy Ta NMPAaKTUYHUX PEKOMEHJAIlN IMIOAO0 3MEHIIEHHS
JUHAMIYHUX HaBaHTa)XEHb Ha HUX 1 MOKPAIICHHS EKCIUTyaTalliiHUX XapaKTEePUCTHK
aBTOIIO13/1a.

Ha ocnoBi mpunmuny J[lamambepa ompamboBaHa MaTeMaTHYHA MOJETh PYXY
TJIAIL. JInms AociipKyBaHOTO aBTOMOi3/a MPUHHATI MPUIYIICHHS, TUIIOBI JJI TaKOTO
KJIacy TPAHCTOPTHUX 3ac00iB, Ha 1X OCHOBI PO3pOOJIEHA TIOCKA PO3PaXyHKOBA CXeMa
TJIAII, BuOpani BiANOBIAHI Yy3arajdbHEHI KOOPAMHATH 1 CKJIQJEHI CHUCTEMHU
nudepeHIiaTbHuX PIBHSHbB, SKI ONHWCYIOTh JuHaMiKy HaBaHTaxeHb TJIAIT B
HNEPEeXIAHUX peXuMax pyxy. Y MaTeMaTH4HIi MOJENi BPaxoBaHO KOPCTKICTHI i
NPYXKHO-IeMNyroUl XapaKTePUCTUKU TATOBO-34inmHux npuctpiB TJIAIIL, iHepiiiini
XapaKTepUCTUKN TPHUBOAY 1 MOYATKOBI YMOBH, 3aj7aHi BIAMOBIIHO a0 3amayl Komr. Y
cuctemMax audepeHIialbHUX PIBHSIHb BPAaXOBAHO CHJIM TSDKIHHS TATayda, MPUYEMiB i
BaHTAXIB, CWJIM TMPYKHOCTI B SI3KO-TIPY)KHUX €JIEMEHTIB TSATOBO-3UIMTHUX MPHUCTPIB

TJIAII, cunm cyxoro i B'SI3KOro TepTs MDK BaHTaKEeM 1 Ky30BOM IIpHYeIna, SKi
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POMOPIINAHI BIAHOCHIHM iX IIBHIKOCTI, CHiIA 1 MOMeHTH onopy pyxy TJIAII, a takox
CHJIM, SIKI 3aJeXaTh BiJl 3yCUJIb y KIHEMATHUYHUX Mapax TATOBO-3YIMHHUX TMPHUCTPIB
TJIAII 1, K1 3yMOBJIFOTb MEPEMIIIICHHS JJAHOK aBTOMOI3/1a.

Amnpobariito MaTeMaTHYHOT MOJIeJIi BUKOHAHO B TPH €TaIlH.

Ha nepmomy erami anpoo6ariii mporpamuoi mojaeni (ITM) mpoBoauiacs nepesipka
MPABWIBHOCTI 3aMKUCy PIBHSAHL MaTeMaTH4yHOI Mojeni. ToMy Oynd pO3TISHYTI Taki
TpUBIATbHI BUMAJIKU CTaTHKY 1 quHamiku TJIATIL:

1. TJIAII nepebyBae Ha TOPU3OHTAIBHIN MPAMOJIIHINHINA 10po3i. B mouaTtkoBuit
MOMEHT 4Yacy BCi HOro €JIeMEHTH y CTaHi BPIBHOB2XEHOTO CIOKOK (piBHSHHSIMH
JTMHAMIKH OITMCAHO HEPYXOMHI aBTOMOO1JIb, TOOTO CTATUKY):

a) IBUT'YH Ta ragbMma BUMKHeHI. OcHoBHI ckiagoBi TJIAII — Tpu ekBiBajeHTHI
Macu — MOBHMHHI 30epiraTi CTaH CIIOKOI0. Y LbOMY BUNAJAKY pe3ynbratu podotu [IM
(moxuOKa TOYHOCTI) MOJIATAIN B TOMY, III0 MEPEMIllleHHs] OCHOBHUX CKianoBux TJIAIT
HE TEPEeBUIITYBATIU 10° M; IMIBUIKOCTI EPEMIIICHb — 10° mlc: NPUIIBUIIIIEHHS — 10°
m/c?; sycrst B mpykHux enementax T3I1 e nepesumtysano 100H;

0) nBuryH yBiMKHEHO, raibMa BUMKHeHO. TJIAIT pyxaerbcst y Oik 301IbIICHHS

(Bmepen) abo 3MmeniieHHs (Ha3aa) MO3J0BXKHBOI KOOPAMHATH 0)(01 BigmosigHo. Y

bOMY BHIIQJIKy pe3yJbTaTH po3paxyHky [IM Oynu aHanorivHUMHU — OJIM3BKUMHU [0
OTPUMaHUX €KCIIEPUMEHTAIILHO JIsl KOHKpeTHOT moaeni TJIAIL.
2. TJIAIl wa npsaMomiHIAHIA AUISHII TOpPOTH 3 JOJAaTHUM a0o0 BiJ €MHUM

yXujlaMd. [IBUTryH yBIMKHEHO. 3a JOJaTHOTO yXWUJy JAOPOTU HIBUJKICTH MEPEMILEHHS

of . . ..
Taraya Xor MEHIIA, HIXK 3a BiJ eMHOTO. Pe3ynbpTaTu podotu [IM Oynu aHajaorivHi.

Mertorw apyroro eramy ampoOariii IporpaMHOi MOJEINl € TepeBipKa TOYHOCTI
BUOPAHOTO YHCIOBOTO METOAY 3 YypaxyBaHHAM OCOONMBOCTEN (PYHKIIOHYBaHHS
aBTOMOOUTS (peXKMMHU pyXy, MEXKi 3MIHH HapaMeTpiB, CTIHKICTh YHCIOBOTO METOIY,
tomo) s IbOro MPOBEIECHO aHajdi3 pe3yibTaTiB BIIOMHUX JOCIKEHb Ta ix
31CTaBJIEHHS 13 pe3yJbTaTaMH, OTPUMAHUMH 3a JONMOMOrow pospodnenoi I[IM. 3
BIJOMHX JITEpaTypHUX JDKEPEN B3SATO PE3yNbTaTH PO3B S3aHHS aHAJOTIYHHUX 3a]ad

nuHamikun TJIAIL. 3a momomororo IIM mi 3amadi po3B'si3aHO 3a OJHAKOBUX 3



HABEJICHUMH Y JIITEpaTypHHUX JKeperax 3HaueHb mapameTpi TJIATL

HatypHmii excriepuMeHT TPOBEICHO 3 METOI0 3ICTABJICHHS PE3yJIbTaTiB
KOMIT' FOTEPHOTO MOJICTIOBaHHS 1 peajbHUX MPOLECIB MiJ Yac PyXy TPUIAHKOBOTO
aBromnoi3fga. /s mpoBeAEHHS HATYpPHOTO EKCIEPUMEHTY BUKOPUCTAHO BaHTAXKHHUI
aBToMo01Tp  3IJI-MM3-555 i3  naBomMa jaBoBicHMMHM — mpuuenamu. [IpoBeneHi
EKCTIIEPUMEHTAIbHI JIOCIIKEHHSI TIATBEPAUIN aJeKBAaTHICTh MaTeMaTH4YHOI MOJei
nocaiKyBaHuM nporecam pyxy TJIATL.

Ha ocHoBi po3po6iieHoi y3araabHeHOi MaremaTuuHoi mojaem pyxy TJIAIIL, mns
CTBOPEHHSl $IKOi BHUKOPUCTaHO Tpadu KOHCTpyKTuBHUX cxeM T3II, 3xilicHeHo
TEOpEeTHYHE JOCHIPKEHHS OCHOBHMX Xxapaktepuctuk T3I1 3  Bu3HaAYCHHSIM
KIHEMaTUYHHUX, TEOMETPUYHHUX 1 CHJIOBUX IMapaMETPiB iX €JIEMEHTIB.

JIist  MOCHIDKEHHST TSATOBO-3YIMMHUX TPHUCTPOIB, IO BUKOPHUCTOBYIOTHCS Y
KOJIICHOMY TPaHCIOPTI, OylIM NPUHHATI PEeKUMH POOOTH 3a HOMIHAJIBHOTO
3aBaHTAXXEHHS: HOMIHAJIbHI JIOBFOTPUBAJIl PEXKUMH HATATY-CTUCKY;, MaKCHUMaJbHI
HAaBAaHTa)XCHHSA; KOPOTKOYACHI 3HAKO3MIHHI HAaBAaHTAXCHHS, YJapHI HaBaHTAXCHHS
(puBkn). Hdami T3II mocmimpkyBaia 3a pI3HMX BapiaHTIB 3aBaHTa)KCHHs aBTOIOI3Ja i
TaKUX PEXKUMIB PyXY, SIK PO3TiH, TaJbMYyBaHHsI, IEPEi3]] uepe3 NeperIKo1y.

VY nucepraltiifHiii poOOTI MEXaHIYHY CUCTEMY TPHJIAHKOBOT'O aBTOMOI3/1a MOAaHO
y BUIJIAJ1 JJAHOK 13 30CEpPEeIHKEHUMU MacaMH 13 a0COJIFOTHO >KOPCTKHX €JIEMEHTIB 13
30CEPEHKCHUMH TOIaTAMBOCTAMU. JIJIsl CripollieHHsT MaTeMaTH4HOI MOJENl JOIIBHO
30BHINIHI CHJIM, WO JIIOTh Ha JIAaHKW, 300pakaTh Ha pPO3paxyHKOBIH cxemi
CKBIBAJICHTHUMHU CKJIQJOBUMH, SKI TPHUKJIAJCHI B MEBHUX TOYKAX 1 SBISIOTH COOOIO
NPOEKIT Pe3yIbTYIOUHUX CHUJI HAa OC1 1HEpLIaIbHOI cUCTeMHU KoopauHat. Pazom 3 Tuwm, 3
METOI0 HAOYHINIOI MOPIBHSJIBHOI OIIHKM CTaHAapTHOro Ta 3ampornonoBaHoro 3IT (i
miI0UpaHHsT Kpalux MPYXKHO-AEMIPYIOUNX XapPaKTEPUCTHK OCTAHHHOTO) IWHAMIKY
pymansas All 3 micusg po3risiHyTO He Ha a0CONIOTHO TUIOCKIM MOBEPXHI JIOPOTH, SIK
3a3BMuYaid, a 3 YypaxyBaHHSIM 3BHUYHMX B €KCIUIyartalii BHUCOT MIKponpoduIto,
XapaKTEePHUX [JIS1 PEATbHHX YMOB Ha PO30UTHX JOpOrax 13 TBEPAUM MOKPUTTIM
(3BuuaiiHo, B yMOBax 0e3M0pIXOKS, 3 AePOopMaIli€r0 OMOPHOI MOBEPXHI, IS BIHCHKOBOI
YH CUIbCHKOTOCTIOAAPCHKOT ABTOTEXHIKM TaKe TMOPIBHSJIbHE JOCHIIKEHHS € IIe
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1H(OPMATUBHIIIUM, aje 3HAYHO CKJIAJHIIIMM 32 YMOBaMHU JIOJATKOBOI T€ppaMeXxaHiKu
B32€MO/Ii1 IIIMH 13 OMOPHOIO MOBEPXHEIO).

AHanizyroud OTpUMaHi pe3yJbTaTH, MM BCTAHOBUJIM, WI0 MaKCHUMAaJbHI
KOJIMBaHHSI CIOCTEPIraincs B OCTAaHHBOTO MpUYena, TOMY CTIMKICTh HOro pyxy
BH3HAYaJla CTIMKICTh pyXy BChOTO aBTOMOi3/1a. Pi3ke 3pOCTaHHS aMIUIITYId KOJHMBAaHb
criocTepiraiocs y pasi 30UIbIICHHS KUIBKOCTI MPHUYEHiB 1 MBUAKOCTI pyxXy. IIIBUAKICTS
pyXy aBTOIOI37a i3 OJHUM MPHUYETIOM CTaHOBUTH OMu3bko S0 kM/ron, aBTOmoOi3ma 3
JIBOMa IpuuernaMu — 0nm3bko 43 km/roa. 3i 30iumbmieHHsSM mBHAKOCTI 10 20 km/roa
aMILTITy/1a KoJImBaHb 3poctae Ha 24 %, no 30 km/rox — Ha 27 %, 1o 43 km/rog — Ha
29 %. JlocnmipKyouu Tpoliec pymaHHs, 0aduMo, o MBUAKICTE 2 M/c cTablTI3yeThC,
akuo t= 2,4c, gac nepexigHoro mpoiecy 110 4 c. [Ipu 1boMy 13 AeSKUM 3ami3HEHHSIM
BIIOYBa€ThCS CTPUOOK MWHAMIYHMX HABAaHTAXEHb Yy 3YIMHUX MPUCTPOSX MPUYEIB.
[To3m0BXHI 3yCWIIJIsL Y MpUUenax 3MIIMIeH] y Yacl MPOMOpIiiHO 1O BEJIWYWH 3a30piB
NEePILOro 1 APYroro 34iMHUX MPUCTPOIB.

VY pasi BUKOPUCTaHHS 3alpOMOHOBAHOTO €KCIIEPUMEHTAILHOTO TATOBO-34IMTHOTO
npuctporo (ET3II) xonuBaHHS mpudyemiB BiAOYyBalOTHCS 3 MEHIIUMHU IEPiOAAMHM, HIX
06e3 Hporo (pisHuns nepiomiB 0,26—0,38), 1m0 MOSACHIOETHCS JIOCUTH €(HEKTHBHOIO
POOOTOO MPUCTPOIO. 3HMKEHHS TIepioay KonBaHb cTaHoBUTH 18,3—-20,2 %.

ITix yac pyxy 1o IpyHTOBIH JOpO31 BUKOpUCTaHHS ekcriepuMeHTabHoro T3I1 nae
3MOTYy CKOPOTHUTH aMIUIITyly KOJWBaHb TPHUYEIIB HAa OCHOBHUX TPAHCIIOPTHHUX
mBuakoctax i3 0,18-0,21810 0,126—0,154v, 3um3uBim i Ha 0,046—-0,065v (26,5—
30,2 %).

Pesynbpratu po3paxyHKIB 3acBITYHIIM, LIO0 32 paxyHOK MiAOOpY MapaMeTpiB
enemenTa T3II Mo)kHA JOCATTH 3HMKEHHS NUHAMIYHUX HaBaHTaxxeHb y T3II mo 25 %
(BM3HAYAILHUM YUHHHUKOM € HacamIiepes MmacorabaputHi mokazHuku TJIATI).

JIJisl IpakKTUYHOTO BUKOPUCTaHHS po3pobiieHo MeToauky po3paxyHky ET3II, mo
NoJIIrae 'y TOCHIIOBHOMY PO3paxyHKy amopTtuzaTopa-iemndepa, ITHEBMOOaIOHa,
HEOOX1MHOT MPOAYKTHUBHOCTI  Kommpecopa. Ilim wac BubGopy THHOPO3MIPIB,
FCOMETPUYHUX PO3MIPIB 1 MaTepiajdiB BpaxOBaHO YMOBHU €KCILTyaTallli, CTaTHYHE

HaBaHTaxkeHHs Ha T3I1, pobounii Tuck y mHeBMOcucTeMi il pexumu pyxy TJIATL.



TsiroBo-3uinHUi OPUCTPIN 13 TPYKHO-AEMIIPYIOUOIO JTAHKOIO J1a€ 3MOTY, OKpPIM
BUII[€3a3HAYEHOT0 3HIKEHHS JTUHAMIYHUX HABAaHTAXKEHb Yy 3’ €IHYBaJIbHUX MPUCTPOAX
TAraya Ta mpudeniB, Takoxx miaBuiuTd Ha 10—15 %mBuakicTe pyxy aBTOIOI3aa 3a
paxyHOK BIATOBITHOTO 3MEHIICHHS aMIUNTYAH TO30BXHIX KOJHMBAaHb 3aJHbOTO
npudyena, mo i oOMexXyrTh 0€3leuHy MIBUAKICTh aBTOMOi3/la 3 YMOB CTIMKOCTI pyXy
3arajaoM.

Po3pobneny  MeTonuKy OpUHHSIM I  OPAKTUYHOTO  BIPOBAKEHHS
KoHCTpyKTOpChKi minpo3auu [IpAT ,,ABToKpA3” ta BAT , YkpaBToOycnpom”.

KirouoBi cjioBa: TpuUIaHKOBI aBTOIMOI3AU: MPUYENH, TATOBO-34iMHI MPHUCTPOT;
JUHAMIKa HaBaHTa)XE€Hb, MO3JOBXKHS CTIHKICTh pPyXy, MNEPeXigHl PpexXUMH pyXYy;

KOHCTPYKTHBHI CXEMH. PO3PAXYHKOBI CXEMHU: MaTEMaTUYHI MOJIEJII.



CIHHCOK IIYBJIKALIN 3JOBYBAYA, B IKUX OITYBJIIKOBAHI
OCHOBHI HAYKOBI PE3YJbTATHU JJUCEPTAIIIL
CrarTsl y HAyKOBOMY NEPiOAMYHOMY BHIAHHI IHIIOI AepKABU
1. Zinko Roman, Badejnov Oleksandr (2018).The me$eaf functioning of
three-unit lorry convoys.The Archives of Automotive Engineering — Archiwum
Motoryzacji Vol. 81, No. 3, 129-140.
DOI: https://doi.org/10.14669/AM.VOL81. ART11

Crartri y paxoBUX BUAAHHAX YKpaiHU

2. 3impko P. B. [locmimxeHHss poOOTH 3YIMHUX NPUCTPOIB PO3UICHOBAHUX
TPAaHCIOPTHUX 3aco0iB 3a gomomororo rpadis / P. B. 3inwkko, 1. C. Jlozoswuii, O. M.
baneitnos // Bicuuk HarionansHoro Texuigdoro yHisepcurery “XIII": 30. Hayk. mpaii.
Cepist: ABTromoOine- Ta TpakropoOyayBanHs. Xapkis: HTY “XIII", 2014.Ne 10 (1053).
C.121-128.

3. 3inpko P. B. Mopdonoriune cepenoBuine sl JOCTIPKEHHS pOOOTH 3UIMHUX
NPUCTPOIB PO3WICHOBAHUX TpaHCIOpTHUX 3aco0iB / P. B. 3inbko, 1. C. Jlo3oswii, O. M.
baneitnos /| Hayxosi nomamxu: mixBy3iBcbkuid 30. JIyupk: JIHTY, 2014.Bum. Ne 45.
C. 220-228.

4. 3inpko P. B. Metonuka excrnepuMEHTaIbHUX JTOCHIIKEHb TITOBO-34IMHUX
npucTpoiB TpuiaHkoBux apromoi3mie / P. B. 3imbko, O. M. Baxeitnos /| Haykosi
Homamxu: MiXBY31Bcbkuit 30. JIyupk: JIHTY, 2016.Bun. Ne 55. C. 168-171.

5. BageiinoB O. M. MogemoBaHHs pPyxy TPUJIAHKOBOro aBTomoizga [/
O. M. baneiinos, P. B. 3inbko, O. 3. ['op6aii // HaykoBi HOTaTKU: MikKBY31BCHKHIl 30.
Jlyupk, 2018. Bum. Ne 62. C. 21-24.

Onyo0JaikoBaHi npaui, AKi 3acBiI4yI0Th anpodauio MaTepiaaiB auceprauii

6. 3impko P. B. Mopdonoriuae cepenoBuiiie sl JOCHTIKEHHS POOOTH 3YiTHUX
IPHUCTPOIB PO3YWICHOBAHUX TpaHCHOpPTHUX 3aco0iB / P. B. 3inbko, 1. C. Jlo3oBwuii,
O. M. BazeitnoB // HaykoBo-mpukiazHi acmekTH aBTOMOOUIBHOI 1 TpPaHCIOPTHO-
nopoxuboi ramyseit: 11 MixuaapogHa HaykoBO-TexHIYHA KOH(epeHtis, (29 TpaBus — 1
yepBHs 2014 poky, Ykpaina, JIyubk, JIylpkuii HalioHAIbHUA TEXHIYHUNA YHIBEPCHUTET).

C. 220-228.



7. 3impko P. B. Meronnka ekcnepuMEHTalIbHUX IOCTIIKEHb TATOBO-3UYIMTHUX
npucTpoiB TpuiaankoBux aBromoi3aiB / P. B. 3inbko, O. M. baxeiino // Haykoso-
NPUKIAIHI aCHeKTH aBTOMOOUIPHOI 1 TpPaHCHOPTHO-IOPOXKHBOI ramyszei: [V
MixHapogHa HayKOBO-TexHiuyHa KoHpepeHuis, (6 wepBHs — 10 yepBHs 2016 poky,
VYkpaina, JIynupk, JIynpkuii HamioHaapbHHE TeXHIYHNUN yHIBepeuTeT). C. 168—172.

8. baneiinoB O. M. Ekosioriyni acmekTH BUKOPUCTAHHS OaraTojlaHKOBHX
asroroi3niB / O. M. Baneiinos, P. B. 3inpko, C. B. Illudanos, 1O. 10. Cksapox //
CygacHi TexHOJOTii mpomucioBoro komruiekcy-2019: V MixnapogHa HayKoBO-
npaktnyaa koHpepenmis, (10 — 15sepecus 2019p.). Xepcon: XHTY, 2019. C. 153—
154.

9. baneitnoB O. M. IligBuiieHHs €(GEKTUBHOCTI BAaHTAXKHUX AaBTOINEPEBE3EHb
IIJISIXOM BHKOPHCTaHHS TpriaHKoBHX aBronoi3niB / baxeiinos O. M. // IIpoGiemu 3
TPAHCIIOPTHUMHU TIOTOKaMH 1 HampsiMu iX po3B s3aHHsA: YerBepra BceykpaiHchka
HayKOBO-TeopeTHuHa KoHpepenis, (25 — 260epe3nus 2021 poky). JIbBiB: I'amuucbka
BumaBanya cminka, 2021.C. 103 — 104.

HayxkoBgi npaui, siKi 101aTK0OBO BiZ00pakaloTh HAYKOBI pe3yJbTATH AMCePTALIl

10. 3iapko P. B., JlozoBuii 1.C., baneiinoB O.M. Po6oTa AIBOJIAaHKOBOI'O
aBTOIOTSTa B yMOBax Cilbcbkoro rocmomapctsa // Systemy i srodki transportu
samochodowego. Seria: Transport. Rzeszow: PolitegehRzeszowska, 2015. Nr 6.
135-140.

11. 3ineko P. B., BazgeitnoB O. M. ExoHoMiuHA e()eKTHBHICTH BUKOPHCTAHHS
OaraTonankoBux aBtomnoizniB // Systemy i srodki transportu samochodowego.aSeri

Transport. Rzeszow: Politechnika Rzeszowska, 2816, 301-310.



ABSTRACT

Badeinov O.M. Load dynamics and the improvement elastic-damping
characteristics of three-unit tractor-trailer tranthitch devices. - Qualifying research
paper, manuscript copyright.

The dissertation on an acquisition of the Philogopbctor degree in a specialty
133 "Industrial Mechanical Engineering" (13 "Meclwah engineering”). - Lviv
Polytechnic National University, Ministry of Edugat and Science of Ukraine, Lviv,
2021.

The dissertation is devoted to the research an@lo@went of a calculation
methodology and the improvement of three-unit tettailer (road train) traction-hitch
devices (THD) design. Scientific substantiation ataboration of the kinematic and
power characteristics determination method, TH@mgth calculations and, on their
basis, the development and implementation in tbeymtion of advanced constructions
of such devices allow to increase the operatingadteristics of three-unit tractor-
trailers (TUTT) in general, which are widespreadainumber of EU countries and, as
well, are relevant for Ukraine.

The process of load dynamics of three-unit trati@fer with elastic-damping
traction-hitch devices itransientmovement modes was taken as the object of researct

The subject of research is loads dynamics and wpgothe elastic-damping
characteristics of three-unit tractor-trailer welastic-damping traction-hitch devices in
the process of starting moving from a place, botthe mode of the highest load, and
during emergency braking. To achieve this purptdse known research on multi-unit
three-unit tractor-trailers and THD were summarizedl, based on them, the basic
principles of the THD design improving were substard, a method of complex
research of the functioning dynamics and optimizaldulation of their parameters were
developed.

The scientific novelty of the obtained resultshattfor the first time the research
method of THD load dynamics of three-unit tract@ilers was elaborated and
corresponding calculations of necessary THD elakmping characteristics were

developed, taking into account specificity of threwgt tractor-trailers designs. In order
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to reduce the peak dynamic loads, first of all wgirihe starting of moving of heavy-
duty TUTTs, the recommendations on the adding efittertial damping link to the
THD construction of the second trailer were workadt and appropriate design
solutions were proposed. Taking into account theetsa of schemes for the TUTT
formation, including combinations with semi-trageand support trailers of Dolly type,
it is proposed to use graphs of structural diagrahread trains and THD in the design
of new constructions of THD and, accordingly, thee wf the usual mathematical
description based on the D'Alembert principle. Th&thematical model of road train
movement relative to TUTT has been improved, whiglgontrast to the existing ones,
made it possible to directly determine the valuethe maximum dynamic loads on the
TUTT in the extreme modes of its movement and t@stigate, at the same time, the
characteristics of the impact of various structured. The use of modern methods of
mathematical modeling was further developed, whtde it possible to establish
patterns influence of constructive parameters ofTTUand THD on road train
movement indicators and to substantiate desigmpeteas of THD TUTT taking into
account traffic conditions and practical recommeiotia for reducing dynamic loads
and improving road train operational charactersstic

Based on the D'Alembert principle, a mathematicatleh of TUTT movement
was worked out. For the researched road trainstdwedard assumptions for such class
of vehicles are accepted, on their basis the ptailculation scheme of TUTT s
developed on their basis, the corresponding gamedalcoordinates are chosen and
formed systems of differential equations that dbscthe dynamics of TUTT loads in
transientmodes of motion. The mathematical model took irtooant the stiffness and
elastic-damping characteristics of TUTTs tractiotcth devices, inertial characteristics
of drive characteristics and initial conditions, iefh were set in accordance with the
Cauchy problem. The systems of differential equestidake into account the
gravitational forces of the tractor, trailers anohds, the elastity forces of the
viscoelastic elements of TUTTs traction-hitch desicforces of dry and viscous friction
between the load and the body of the trailer, wtach proportional to their relative

speed, forces and moments of TUTT movement resistaand also the forces which
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depend on forces in kinematic pairs of TUTTs ti@ethitch devices and which cause
movement of links of a road train.

Approbation of the mathematical model was carriedio three stages.

At the first stage of the software model (SM) ajyatoon the following trivial
cases of statics and dynamics of TUTT was considere

1. TUPP is located on a horizontal straight roakh& initial moment of time, all
its elements are in static equilibrium state:

a) engine and brakes off. The main components otW&T are three equivalent
masses, which must remain at rest. In this casagtults of the SM work were that the
displacement of the main components of the TUTT bt exceed 10m; speed of
displacements was Pan/s; acceleration was T0n/’; the force in the elastic elements
of the THD did not exceed 100 N.

0) engine on, brakes off. TUTT moves in the direttad increasing (forward) or
decreasing (backward) the longitudinal coordinegspectively. In this case, the results
of the calculation of SM were similar - close tw¢k obtained experimentally for a
particular model of TUTT.

2. The TUTT is located on a straight section of tbhad with a positive or

negative slope percentage. Engine included. Wplosative percentage of the slope of

the road, the speed of the tractor displacemoé[m Is less than with a negative
percentage of the slope. The results of the SM wae similar.

The purpose of the second approbation stage aatteare model is the analysis
of results of known researches and their compangtinthe results received by means
of the developed software model. The results o¥isgl similar problems of TUTT
dynamics were selected from known literature saird®ith the help of a software
model, these problems were solved at the samesrafube TUTT parameters as in the
literature.

Full-scale experiment was conducted to compare rdsilts of computer
simulations and real processes of a three-unitardmiler movement. A ZiL.-MMZ-
555-555 truck with two two-axle trailers was usemt the full-scale experiment.

Experimental researches have confirmed the adeafdbg mathematical model.
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On the basis of the developed generalized matheahatnodel of the TUTT
movement, for developing which, graphs of the desighemes of the THD were used,
theoretical research of the basic characteristic§HD with the determination of
kinematic, geometrical, and force parameters af #lements was carried out.

Thus, for the research of traction-hitch deviced@) used in wheeled vehicles,
the operation modes at nominal load were adoptediimal long-term modes of
tension-compression; maximum loads; short-ternrradténg loads; shock loads (jerks).
Further THD were investigated at various optiondoaiding of a road train and such
modes of movement as: acceleration, braking, bitim obstacle.

In the dissertation, the mechanical subsystemtbfee-unit tractor-trailer in the
form of links with concentrated masses of absojutigid elements with concentrated
compliance is presented. To simplify the mathematimodel, it makes sense to
represent the external forces acting on the linkthe design scheme with equivalent
components applied at certain points, which areptiogections of the resulting forces
on the axis of the inertial coordinate system. Heavein order to the more clearly
comparative estimation of the standardized andqseg hitch devices (and selection of
better elastic-damping characteristics of the fgttbe dynamics of road train, when it
starts the movement, is considered not on a coeipléat road surface, as usual, but
taking into account usual in operation heights té ticro profile, specific to real
conditions on damaged roads with a firm coverc@irse, in off-road conditions, with
deformation of the supporting surface, for militawy agricultural vehicles such a
comparative research is even more expressive, liehmore difficult in terms of
additional interaction of tire with the supportisgrface).

Analyzing the results, it was found that the maxamascillations were observed
in the last trailer, so the stability of its movemheéetermined the stability of the whole
road train. A sharp increase in the amplitude dfillagions was observed with the
increasing number of trailers and speed. The spéedroad train with one trailer is
about 50 km/h, of a road train with two trailersalsout 43 km/h. When the speed
increases to 20 km/h the amplitude of oscillatiomtseases by 24%, to 30 km/h — by

27%, to 43 km/h — by 29%. Researching the procéssowement, it can be seen that
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the speed of 2 m/s stabilizes at t= 2,4 s, thestiian time is to 4 s. At the same time
with some delay, there is a jump of dynamic loadimg hitch devices of trailers.
Longitudinal forces in trailers are shifted in tinmeproportion to the values of the gaps
of the first and second hitch devices.

When using the proposed experimental traction-raevice (ETHD), oscillations
of trailers occur with smaller periods than withaoutdifference of periods is 0,26-
0,33s), which is due to the very efficient openatiaf the device. Reduction of the
oscillations period is 18,3-20,2%.

When driving on a dirt road, the use of experimeiitdD allows reducing the
trailers oscillations amplitude at basic transgpeeds from 0,18-0,218 to 0,126-0,154
m, lowering it by 0,046-0,065 m (26,5-30,2%).

The results of the calculations showed that, bimgethe parameters of the THD
element, it is possible to achieve a reductionyofagnic loads in the THD to 25% (the
determining factor is primarily the mass and smaators of TUTT).

For practical use, the method of calculation of BTHonsisting of the
consecutive calculation of the shock-absorber-dapgeneumatic cylinder, necessary
productivity of the compressor is developed. Ahaice of standard sizes, geometrical
sizes and materials, it is considered operatingditions, static loading on THD,
working pressure in the pneumatic system, and mofdl@8/TT movement.

Traction-hitch device with an elastic-damping liakows, in addition to the
above-mentioned reduction of dynamic loads in titehtdevices of tractor and trailers,
also increase by 10-15% tractor-trailer speed dycimg the amplitude of longitudinal
oscillations of the rear trailer, which limits teafe speed road trains in terms of traffic
stability conditions in general.

The developed methodology is adopted for practiogllementation by the
design departments of HC "AvtoKrAZ" and OJSC "UKkodwsprom®.

Keywords: three-unit tractor-trailers, trailers, tractiondmt devices, loads
dynamics, longitudinal movement stability, transigmtion modes, structural diagrams,

calculation schemes, mathematical models.
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