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AHOTAIIII

MamontoB A.I'. TlominieHHs MOKa3HUKIB IUIABHOCTI XOJy Ta JUHAMIYHOI
HAaBAaHT)XEHOCTI XOJOBHX CHCTEM KOJICHUX TpPaKTOpPiB Ha TPAHCHOPTHHUX
poborax. — KBamigikaiiiiHa HaykoBa mpars Ha mpaBax pyKOIHCY.

Hucepraitist Ha 3100yTTS HAYKOBOT'O CTYNEHS KaHAUJATa TEXHIYHUX HAyK 3a
crietiasibHicTIO 05.22.02 — aBTOMOOUT Ta TpakTopu. — HarioHaapHUM TeXHIYHUN
yHiBepcuTeT " XapKiIBChKUHM MOMTEXHIYHUHN iHCTUTYT", XapkiB, 2019 p.

Jucepraiisi NpPUCBSYEHA TMOJIMIIEHHIO EKCIUTyaTalliHUX BJIACTHUBOCTEH
KOJIICHOTO TpPaKTOopa B arperaTi 3 HamiBOPUYENIOM HpPH pycl Ha TPaHCIOPTHHUX
pexuMax 3a paxyHOK OOJaJlHaHHS TMEepPEeHbOrO0 MOCTa KOMOIHOBaHOIO
MTHEBMOPECOPHOIO MIJBICKOIO Ta BU3HAYEHHS i1 paIliOHaAJIbHUX MTapaMeTpiB.

JIist BUpIIIEHHS TIOCTABJICHOI 3a/Jadl B poOOTI MpoaHalli30BaHI CydacHi
TEHJEHL1i BUKOPHUCTAHHS KOJICHUX TPAKTOPIB IiJl 4Yac IMEpPEBE3€HHS BAHTAXKIB,
KOTPl € OCHOBHOIO CLIBCHKOTOCIOAAPCHKOIO MPOAYKIIIEI0, @ TaKOX IMPOIYKIIIEIO
MPU3HAYEHOIO ISl 3a0€3MeUeHHs] BUPOOHUYUX TPOIIECIB CUTHCHKOTOCTIONAPCHKHUX
M1ITPUEMCTB.

Bu3HaueHO OCHOBHI BUMOTH, SIKI BUCYBAlOThCSl 10 KOHCTPYKLII TPaKTOPIB,
Kl 3aCTOCOBYIOTHCS B SIKOCTI TPAHCIOPTY B CUIBCHKOTOCHOAAPCHKIM ramysi.
Po3risiHyTO TeHAEHIIT pO3BUTKY KOHCTPYKIIA CUCTEM MIAPECOPIOBAHHS KOJICHUX
TPaKTOPIB 3 YypaxyBaHHSIM BHUKOHAHHS BaHTAXXOTEPEBE3C€Hb 13 T1IBUIEHUMU
TPAaHCTIOPTHUMHU HIBUKOCTSIMHU.

BukoHano anami3 MeETOJIB 1 KOHCTPYKTMBHHMX 3ac00IB MOMIMIICHHS
IJJABHOCTI XOJy W 3HIKEHHS JIMHAMIYHOT HABAaHTaKEHOCTI XOJOBUX CHCTEM.
BusHaueHo ekcruiyataiiiHi BUMOTH, SIKI BHUCYBAIOThCS JI0 TIJBICOK KOJIICHHUX
TPaKTOPiB. A TaK0OX BCTAHOBJICHI IIJISTXH MOJITIIICHHS MOKA3HUKIB TUIABHOCT1 XOIY

Ha OCHOBI1 BJIOCKOHAJICHHSI CUCTEM TT1IPECOPIOBAHHS.
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Y pamkax JOCHIIPKEHHS CKIIaJieHa Yy3araJlbHEHa MaTeMaTH4Ha MOJEIb
MO3/J0OBXHBO-KYTOBUX, BEPTUKAIBHUX 1 TO3JO0BXKHIX KOJHMBaHb MAaIIHMHO-
TPaKTOPHOIO arperary Ha 0a3l KOJICHOrO TpakTopa 3 HaIiBIPUYEIOM, fKa
JI03BOJISIE€ JTOCIIKYBAaTH TUIABHICTh XOAYy W JAMHAMIUHY HABaHTA)XEHICTh XOOBOI
cucremu. CkiajieHa MaTeMaTHYHA MOJIETb JOMIOBHEHA MAaTeMATUYHUMH MOJICIISIMU
MMHEBMATHYHO1 ITMHU, THEBMAaTUYHOTO TYMOBO-KOP/IOBOTO MPYKHOTO €JIeMEHTa U
TATJI0BO-34IIMHOTO MpUCTpolo. Lle 103Bosie BpaxyBaTu HasBHICTh JeMIl(pipyBaHHS
B IMHEBMAaTHYHIM CHCTEMI KOMOIHOBAaHOI ITHEBMOPECOPHOI INIJIBICKHM, HaMOUIbII
MOBHO OI[IHUTU BIUIMB HEJIHIMHOCTI MPY>XHUX 1 JUCHUIIATUBHUX XAPAKTEPUCTUK
IIMHA Ta THEBMOOAJIOHA, a TaK CaMO HAasBHICTb 3a30py B TATJIOBO-3UIMMHOMY
MPUCTPOI Ha MOKA3HUKH TIJIABHOCTI XOAY M JWHAMIYHY HaBaHTAXKEHICTh XOJI0OBOT
CUCTEMHU KOJIICHOTO TpakTopa. Jljis HalOIbII MOBHOI OLIHKK TUIABHOCTI X0y M
JUHAMIYHOT HABAaHTAXKEHOCTI XOJ0BOi CUCTEMH KOJICHOI'O TPAaKTOpa 00JIaJHAHOTO
PI3HMMH THIIAMH CUCTEM HIAPECOPIOBAHHS MaTeMaTU4YHA MOJIENb peai30BaHa B
JNETEPMIHOBAHIA TMOCTAHOBII 3 MIKpOnpoduieM, SKAWA BIANOBIIAE PIZHUM
JIOPOKHIM TTOKPHUTTSIM.

JUis  3HMKEHHS JUHAMIYHOT HaBaHTaXEHOCTI XOJOBOI CHCTEMH U
MOJIIMIICHHS MapaMeTPiB MIABHOCTI X0y MaIlIUHO-TPAKTOPHOTO arperary Ha 06asi
KOJICHOTO TpakTopa Ta HamiBlnpuyena, Oyja po3poOieHa KoMOiHOBaHa
ITHEBMOPECOpPHA IIJIBICKA, fKa BCTAHOBJEHA Ha NepeaHiil micT TpakTtopa. llpu
pO3pOOIIl PEeryIbOBaHOI MHEBMOPECOPHOI MiJABICKM BUKOPUCTOBYBAJIWCS CEpIHHI
BY3JIM Ta JIeTajl MiJBICKK 3 JUCTOBUMH METaJeBUMHU pecopamu. [[HeBMOpecopHa
NiJBICKa pO3MIIllEHa B rabapUTHUX pO3Mipax CEpiiHOI MiABICKU, Ta CKIIAJJA€ThCS 3
JUCTOBUX METAJICBUX PECcOp M NBOXCEKIIMHUX MHEBMOOAJIOHIB 3 JOJATKOBUMU
MOBITPSIHUMU pe3epByapamu. Jlis 30uibmieHHs nemrndyBaHHS B MIABICII, B
TpyOOTIPOBOIi HA BXOJI JI0 JOJATKOBHX pe3epByapiB OYyJI0 BCTAHOBIECHO JPOCEI.
[Ipm 3pocTaHHI CTaTUYHOTO HABAHTAXKECHHS HA TMEPEIHIA MICT PETYJISITOp

IMMOJIOKCHHS paMM 3a JOIIOMOI'0I0 KJIallaHy aBTOMAaTHYHO 33663H6qy€ HaIXOIXCHHA
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CTHCHEHOTO MOBITPS /10 MHEBMOOAJIOHIB MO TPyOONpOBOAAax, a MpH i1 3MEHIIECH] —
BUITYCK MOBITPs A0 atMocdepu. Takum uuHOM 3a0e3medyeThCs MIATPUMaHHS
MOCTIIHOTO 3a30pYy MIXK MPY>KHUM YIIOPOM CTUCKAaHHS Ta MEPEAHIM MOCTOM.

3 MeTOI0 HANOUIBII MOBHOI OLIHKH BJIACTUBOCTI KOHCTPYKIIi po3po0iIeHOl
THEBMOPECOPHOT MiABICKM Ta I JOCKOHAJIOCTI MPU BUKOPUCTaHHI TpakTopa
MIPOBEICHO EKCIIEPUMEHTAIbHI JIOCHIPKEHHS MAalIMHO-TPAKTOPHOTO arperaty B
PI3HUX eKCIUTyaTaliifHuX ymoBax. Pe3ynbTaTul OTpuMaHi MiJi Yac MpPOBEICHHS
HATYpHOTO EKCIIEPUMEHTY Jlald  MOKJIMBICTh MIJATBEPIUTH JIOCTOBIPHICTH
TEOPETUYHUX JIOCHIIKEHb, Ta OLIHUTH aJ€KBAaTHICTh MaTEeMaTUYHOI MOJENi
BUKOPHCTOBYBAHOI /ISl BABYCHHS B3a€MO3B’SI3KIB MK MapamMeTpaMu KOHCTPYKIIiT
MIJBICKH Ta 11 eKCIUTyaTallliHUMHU ITOKa3HUKAMH.

Takox Oyna 3ampornoHOBaHa METOJWKA IMPOBEACHHS E€KCIEPUMEHTATbHUX
JOCIIJKEHb 10  BU3HA4YeHHIO JemmdyBaHHS B [HEBMAaTUYHIN cUcCTeMI
KOMOIHOBaHOI ITHEBMOPECOPHOI IMIJBICKM, METOJHMKAa BH3HAUEHHS MapameTpiB
MJIABHOCTI XOJy Ta JAWMHAMIYHOI HABAHTAXKEHOCTI XOJIOBOI CHUCTEMHM MAIIIUHO-
TPaKTOPHOTO arperaty Mpyu BUKOHAHHI TPAHCIIOPTHUX POOIT.

[lin yac mnpoBeAeHHS HATYPHOIO EKCHEPUMEHTY BHU3HAUEHO CTYIEHb
aucunanli B MHEBMOPECOPHIM MIABICII MNpPU PI3HUX MPOXITHUX NEPETHHAX
Jpocelisi, a TaKOXK MPHU Pi3HUX 00’€Max JOAATKOBHX pe3epByapiB, Ta BU3HAYCHO
pallioHaIbHUM JlaMeTp MepexiIHOro TmepeTuHy apoceis. IIpoBeaeHa oliHKa
IJJABHOCTI XOJy Ta JWMHAMIYHOI HABAHTAXKEHOCTI XOJIOBOI CHCTEMHM MAIIHHO-
TPaKTOPHOTO  arperaty OOJIaJIHAHOTO  CEPIfHOI0  PECOPHOI0  MiJBICKOIO,
KOMOIHOBAHOIO MTHEBMOPECOPHOIO MiABICKOIO 3 TIAPaBIIYHUMHU aMOPTU3AaTOpaMu
Ta 0€3 riApaBIIuHUX aMOPTU3ATOPIB, IPU PYCl TpaKTOpa MO J0po3i 3 ac(haabTHUM 1
IPYHTOBHM TIOKPUTTSIM, & caMe MPOBEICHA MOPIBHSIbHA OIlIHKA THEBMATUYHOTO U
ripaBIigyHOTO neMiiipyBaHHs, MOPIBHSAIbHA OIIHKA TUIABHOCTI X0y TpakTopa i3
CEpIHOI0 Ta MHEBMOPECOPHUMHM IiJBICKAMH, IIISXOM BH3HAYCHHS TapaMeTpiB

HHU3BbKOYA4aCTOTHUX KOJIMBAHb Y XaPAaKTCPHHUX TOUYKAX TpaKTOpa. Takox BU3HaAUCHa
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JVHAMIYHA HABAaHTA)XCHICTh XOJIOBOI CHCTEMH TPaKTOpa OCHAIIECHOTO Pi3HUMHU
CUCTEMaMU M1PECOPIOBAHHS.

Jl1st BUMIpIB pe3yJIbTaTiB €KCIIEPUMEHTY, a came JIJISI PeecTparlii mapameTpiB
HU3HKOYACTOTHUX KOJMBAaHb BUKOPHUCTOBYBABCS BUMIPIOBAIBHUN KOMILIEKC, IIIO
CKJIa/Ia€ThCsl 3 BIOpOBHMIpIOBaNIbHOI amaparypu. s peectparnii IUHAMIYHOTO
HABaHTAXKEHHS TMepeAHIX W 3aJHIX KOJIC TpPaKTOpa BHUKOPUCTOBYBAJIHUCS
TEH30/]JaTYMKH, HAKJICEH] Ha PyKaBaX MOCTIB, MPHU I[bOMY T€H30METPUYHI JaTUYUKU
30Mpanucs B TEH30METPUYHI MOCTH CUTHAJI 3 KOTPUX HAIXOJIMB A0 (IKCYIOUOi
amaparypu.

Ha miacraBi aHamizy OTpUMaHUX JaHUX BCTAHOBJICHO, IO 3aCTOCYBaHHS
KOMOIHOBaHOT IMHEBMOPECOPHOI MIABICKH 3 TIAPaBIIYHUMU amMOpTU3aTOpaMu B
MOPIBHSIHHI 13 CEPIMHOI0 PECOPHOIO0 IIIJBICKOIO J03BOJISE€ 3HU3UTH BEIUYMHU
CEpEIHbOKBAAPATUYHUX MPUCKOPEHDb Y XapaKTePHUX TOUYKAX TPAKTOpa W 3HU3UTHU
JMHAMIYHE HaBaHTaXKCHHS, 110 JII€ Ha KOoJieca MAllIMHO-TPAKTOPHOTO arperary.

[IpoBeneHO TeOpeTUYH1 MOCTIKEHHS, SKI JO3BOJWIM JaTH OO0'€KTUBHY
OIIHKY BIUTMBY THITY MiJBICKM Ta 1i KOHCTPYKTHBHUX MapaMeTpiB HA IJIABHICTh
X0y W JIWHAMIYHY HABaHTAXXEHICTh XOJI0OBOiI CHCTEMH KOJIICHOTO TpaKTOpa.
Bu3HaueHO HUISIXM BIOCKOHAJEHHS CUCTEMHU HIAPECOPIOBAHHS W po3po0seHi
peKoMeHAallli 3 BUOOpY pallioHaIbHUX MTapaMeTpiB MiBICKHU.

Ha mingcraBi aHamizy MPOBENECHUX EKCIEPUMEHTAIBHUX  JOCHIIKEHB
JUHAMIYHUX TPOIECIB, SKI BHHUKAIOTH IiJI Yac PyXy KOJICHOTO TpakTopa B
arperati 3 HaMIBOPHUYENIOM, BCTAaHOBJICHO, IO PE3YJbTaTH TEOPETUUYHUX
pO3paxyHKIB SIKICHO  KIJIbKICHO BIJOOpa)xaroTh XapakTep 3MIHM Ta pPIBEHb
MOKA3HUKIB TIJIABHOCTI XOJy W JWHAMIYHOI HABaHTAXEHOCTI XOJO0BOI CHCTEMU
MaIllMHO-TPAKTOPHOTO arperaty. TakoXX MIATBEPKEHI pPEeKOMEHAAIli 00
oOpaHuX pallioOHATFHUX MAPaMETPIB CUCTEMU IMIAPECOPIOBAHHS MEPETHBOTO MOCTY
KOJIICHOTO TpakTopa. 3riTHO PEKOMEHAIN HalKpallll MOKAa3HUKHU TUIABHOCTI XOAY

Ta JUHAMIYHOI HABAHTAXXEHOCTI XOJIOBOI CHCTEMHU KOJIICHOTO TpakTopa 3
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MIAPHIPHO-3WICHOBAHOID PaMOI0 HAa TPAHCHOPTHUX POOOTaX JOCATAIOTHCS TPHU
HACTYMHUX  OOIPYHTOBAHUX  OCHOBHUX  KOHCTPYKTHMBHUX  IapameTpax
KOMOIHOBAaHOT ITHEBMOPECOPHOI TIJABICKU: JiaMeTp IPOXIJTHOTO IEPETUHY
apocens 9 MM, 1m0 3a0e3ledye MaKCHUMalbHE TMOBITpSHE JAeMI(ipyBaHHS B
MHEeBMAaTHYHIA cucTteMi Ta KoedimienT 3aracanHs y=0,21; 06’eM m0maTKOBHX
pesepyapiB Vg =40-10"° M* Ha cTopoHy; THCK y mHeBMaTHuHIH cictemi 0,27 MITa;
BeJIMUMHA KoedillieHTa 3aracaHHs T'iIpaBiIiyHoro amoprusaropa y,=0,21.
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ABSTRACT

A.G. Mamontov Improvement of performance of smooth running and
dynamic loading of running systems of wheeled tractors at transport works. —
Manuscript.

The dissertation for obtaining a scientific degree of Candidate of Science
(Technology) on the specialty 05.22.02 — automobiles and tractors. —National
Technical University "Kharkiv Polytechnic Institute”, Kharkiv, 2019.

The dissertation is devoted to improving the operational properties of a
wheeled tractor in an aggregate with a semi-trailer during the driving in transport
modes, due to the equipment of the front axle with a combined air spring
suspension and determining its rational parameters.

To solve this problem we have analyzed the current tendencies in the
application of wheeled tractors in the transportation of the main agricultural
products, as well as products intended to support the production processes of
agricultural enterprises.

The basic requirements for the construction of tractors used as a transport in
the agricultural sector have been defined. The tendencies of development of
designs of suspension systems of wheel tractors with consideration of performance
of cargo transportation with the increased transport speeds have been considered.

The analysis of methods and constructive approaches of improving the
smoothness of the course and reducing the dynamic load of the running systems
have been performed. The operational requirements for suspension wheeled
tractors have been defined. There are also ways to improve the smoothness of the
course based on the improvement of the suspension systems.

In the framework of the study a generalized mathematical model of

longitudinal-angular, vertical and longitudinal oscillations of a machine-tractor unit



2
based on a wheeled tractor with a semi-trailer, which allows to investigate the

smooth running and the dynamic load of the running system, is drawn up. The
mathematical model is completed with mathematical models of pneumatic tire,
pneumatic rubber-cord elastic element and traction coupling. This allows to take
into account the presence of damping in the pneumatic system of the combined
pneumatic spring suspension, to fully assess the influence of nonlinearity of the
elastic and dissipative characteristics of the tire and the pneumatic cylinder, as well
as the presence of a gap in the traction-coupling device on the trajectory of smooth
running and dynamic load. For the most completed evaluation of the smooth
running and dynamic loading of the running system of a wheeled tractor equipped
with different types of suspension systems, a mathematical model is implemented
in a deterministic formulation with micro-profiles corresponding to different road
surfaces.

To reduce the dynamic load of the running system and improve the
parameters of the smooth running of the machine-tractor unit based on the wheeled
tractor and semi-trailer, a combined pneumatic spring suspension have been
developed, which was mounted on the front axle of the tractor. Developing the
adjustable pneumatic spring suspension we used serial units and suspension parts
with sheet metal springs. The pneumatic spring suspension is housed in the overall
dimensions of the serial suspension, and consists of sheet metal springs and two-
section pneumatic cylinders with additional air tanks. In order to increase the
damping in the suspension, throttles were installed in the pipeline at the inlet to the
additional tanks. As the static load on the front axle increases, the regulator of the
frame position by means of a valve automatically ensures the supply of
compressed air to the air cylinders through the pipelines, and with its reduction —
the release of air to the atmosphere. This ensures that there is a constant gap

between the elastic compression stop and the front axle.
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With the purpose of the most complete evaluation of the design properties of

the developed pneumatic spring suspension and its perfection when using the
tractor, experimental studies of the machine-tractor unit under different operating
conditions have been performed. The results obtained during the full-scale
experiment made it possible to confirm the validity of theoretical studies and to
evaluate the adequacy of the mathematical model used to study the relationship
between the suspension structure parameters and its performance.

Also, a method of conducting experimental studies to determine the damping
in the pneumatic system of the combined pneumatic spring suspension, the method
of determining the parameters of smooth running and the dynamic load of the
running system of the machine-tractor unit in the performance of transport works
was also proposed.

During the full-scale experiment, the degree of dissipation in the pneumatic
spring suspension was determined at different throttle cross-sections, as well as at
different volumes of additional tanks, and the rational diameter of the throttle
cross-section was determined. The estimation of the smoothness of the course and
the dynamic loading of the running system of the machine-tractor unit equipped
with a serial spring suspension, combined pneumatic spring suspension with
hydraulic shock absorbers and without hydraulic shock absorbers, when driving the
tractor on the road with asphalt comparative estimation of the smooth running of
the tractor with serial and pneumatic spring suspensions, by determining the
parameters of low-frequency oscillations at the characteristic points of the tractor.
The dynamic loading of the running gear of the tractor equipped with various
suspension systems is also determined.

To estimate the results of the experiment, namely to record the parameters of
low-frequency oscillations, a measuring complex consisting of vibration measuring

equipment was used. To register the dynamic load of the front and rear wheels of
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the tractor were used strain gauges glued to the sleeves of the bridges, while the

strain gauge sensors were collected in the strain gauge bridges signal from which
came to the fixing equipment.

Being based on the analysis of the obtained data, it has been found out that
the application of a combined pneumatic spring suspension with hydraulic shock
absorbers in comparison with the serial spring suspension allows to reduce the
magnitude of the rms acceleration at the characteristic points of the tractor and to
reduce the dynamic load acting on the wheels of the machine-tractor.

Theoretical researches allowed to give an objective estimation of influence
of a type of a suspension bracket and its design parameters on smoothness of a
course and dynamic loading of a running system of a wheel tractor are carried out.
Ways to improve the suspension system were identified and recommendations
were made for choosing rational suspension parameters.

Based on the analysis of the experimental studies of the dynamic processes
that occur during the movement of a wheeled tractor in a semi-trailer unit, it is
established that the results of theoretical calculations qualitatively and
quantitatively reflect the nature of the change and the level of smoothness and
dynamic load of the running gear of the machine-tractor system. Recommendations
for the selected rational parameters of the front axle suspension system of the
wheeled tractor have been also confirmed. According to the recommendations, the
best performance of smooth running and dynamic loading of the running system of
the wheeled tractor with the articulated frame on the transport works are achieved
with the following substantiated basic design parameters of the combined
pneumatic spring suspension: diameter of the throttle cross-section 9 mm, which
provides the maximum air damping in the pneumatic system and attenuation

coefficient y=0,21; volume of additional tanks Vy =40-10"° m® per side; pressure in
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the pneumatic system 0,27 MPa; the value of the damping coefficient of the

hydraulic shock absorber y,=0,21.
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