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MeXaHi3My MiJBiCKY TATOBOI paMu

2. Increasing the efficiency of motor grader working equipment use by stabilizing the load mode of the traction
frame suspension mechanism

Pedepar:

1. Incepralito NpUCBSYEHO BUPIIIEHHIO aKTyalbHOI HAYKOBO-TIPUKJIAAHOI IPOGIEMH MiIBULIEHHS €(EeKTUBHOCTI
po60TH aBTOrpeiepa 3a paXyHOK 3MEHIIEHHS HaBaHTa)KE€HHS BUKOHABYOTo 06J1aIHaHHA. Lle ocsraeTbes MIISIXOM
crabisnizallii pe>xuMy HaBaHTaKEHHSI MeXaHi3My MiaBicku Tarosoi pamu (MITTP) MmogepHizatiielo po6o4yoro
0671aHaHHS IIJISIXOM BUKOPUCTAHHS IOOATKOBOTO €JIeMEHTA MifBiCKU. BOHa 103BOJIMTE 3MEHIINTH
aCUMeTPUYHICTh HaBaHTaKeHHS BUKOHABYMX TiIPOLMIIIHPIB po604YOoro 06agHaHHS aBTorpeiinepa Ta, K HaclifoK,

BifOyBaeThCsl BUPiBHIOBAHHS HAaBAaHTAKE€HHS MalIMHU IIPU eKCITyaTalii. ¥ poboTi 06IpyHTOBAHO aKTyaJIbHICTb



TeMu, cPOpMyIbLOBAHO OG'EKT, IPEIMET, METY i 3aBIaHHS TOCIIIPKEHHS], OIIMCAHO METOU NOCIiIKeHHS], a TAKOXK
BM3HAYEHO 3B'SI30K POOOTH 3 HAYyKOBUMHU IIpOrpamamu, IjaHamy, TemaMu. HagaHo iHpopmariiio rmpo anpobauii ta
ny6Jlikalii pe3ysbTaTiB JyucepTaLifiHOro AOCiIyKEeHHs, IPOBeleHU I JliTepaTypHUil MOIYK Ta 10ro aHai3
BiATIOBIHUX JOCJIiIXEHb, PO3PO0JIEHI CTATUYHA Ta AUHAMIYHA MOZEJI, IPOBEIeHI HaTypHI €KCIIEPUMEHTH Y
I0JIbOBUX YMOBax 3 icHytounm MIITP, po3po6sieHa BipTyasibHa MOJ€JIb pO60OYOro 06J1aJHAHHS Ta IIPOAHAi30BaHA
KiHeMaTHKa iCHYI04Ooro Ta MOJlepHi30BaHOTro 00JIaiHAHHS, Ha/laHi IPaKTUYHI peKoMeHallii 1o palioHaIbHOMY
BHUOOpY napameTpiB KOHCTPyKLii MIITP Ta BcTaHOBJIEHa €KOHOMIYHA €(EKTUBHICTb 3aIIPOIIOHOBAHOIO METOLY
nigBuIeHHS e(PeKTUBHOCTI poOOTH aBTOrpeifepa. HaykoBa HOBU3HA OTPUMAaHUX PE3yJIbTATiB MOJIATAE Y
HACTYITHOMY: 3a JJOIIOMOT'00 pO3p006JIeHOi CTaTUYHOI IIPOCTOPOBOI CXeMH i BiATIOBiTHOI MaTeMaTU4HOI Moei OyIu
BA3HAYEHI 3aJI€KHOCTI 3yCUJIb Y BUKOHABYMX TiPOLWJIiHIpaXx Bif] BXiZHNX KIHEMAaTUYHUX XapaKTEPUCTUK Ta
CHJIOBUX 30BHIIIHIX HABAHTAXXEHb 3 YpaxXyBaHHIM crielndivHux ocobnmBoctel KoHCTpykuii MITTP; 3a gornomororo
PO3p0o06JIeHOI IMHAMIYHOI IPOCTOPOBOI CXeMH i BiZIIOBiAHOI MaTeMaTuyHOI MozeJli 6yJIi BU3HA4YeHi 3aJ1e5KHOCTI
3yCWJIb Ha IPENJIEPHUN BiZjBaJl Bif BXiHMX 30BHIIIHIX HABaHTAXXEHb 3 YPaXyBaHHSIM aCUMETPUYHOCTI KOHCTPYKIIil
MIITP; BcTaHOBJIEHO PiBEHb HEPIBHOMIPHOCTI 3yCUJIb Y BUKOHABUUX rizpounninapax MIITP nipu BUKOHaHHI
TEXHOJIOTYHYX Ollepaliil; BCTAaHOBJIEHI HOBi 3aKOHOMIPHOCTI pO3TalllyBaHHS 3MiHHMX KOOPAMHAT TOYOK
[IpUENHAHHS BUKOHABYUX Trifpouutinapis MIITP i peskxumiB po60o4oro rpoiecy Ha epeposInofiij HAaBaHTa>)KeHOCTI
rigpounniHgpis. Pe3yspTaTy HAYKOBUX AOCIIIPKEHD IACEPTAalliiiHOi pO60TH 3HAMIIIM BIPOBAIKEHHS Y HisI/IbHOCTI
Ha TOB «Maurigponpusiny, TOB «Xapkiscnenoyn-1», mpoekTHo-MoHTaXHiN ¢ipmi JIT «CnenianizoBane
yIIpaBJIiHHS MEXaHiI30BaHUX POOIT», a TAKOXK Y HABYAJIbHOMY TPOLeCi 17151 MiArOTOBKM O6aKajaBPiB 3a CHELia/bHICTIO
133 «T'any3eBe MalIMHOOYAYBaHHS» Y XapKiBCbKOMY HalliOHaJIbLHOMY aBTOMOOI/IbHO-JOPOKHbOMY YHiBEPCUTETI.
PesynbTat po60TH MOXKYTb O6YTH BUKOPUCTaHi P CTBOPEHHI HOBUX Ta MOZEPHizallii HASIBHUX CUCTEM KEPYBaHHS
pobounm obsagHaHHIM aBTOrpeigepa. OCHOBYIOUNCH IIPOBEIEHUM aHATi30M HASIBHUX MiAXOiB 010 3MEHIIEHHS
HepiBHOMIpHOCTI HaBaHTaXeHH MIITP aBrorpeiiepa BCTaHOBJIEHO, 1110 CyYyaCHA TEHIEHILiSl BUPIlIEeHHS 3a3HAa4Y€HOI
npo6sieMy MOB'sI3aHa 3 HETOYHICTIO [1pY BU3HAYEHH] 3ycuJb B rifpouuingpax MIITP. JlonyckaioTs, 10
rigpoUMIiHIPY NiIAOMYy-0IyCKaHHSI TSArOBOI paMU CIIPAMMAIOTh Hal6iIbIII 3yCULIs IPU BEPTUKATIBHOMY
posramyBaHHi. [Ipy IbOMY He BPaxOBYIOTb 3yCHUJLIIA, 10 IIPUIAJAI0Th Ha MIPOLMIIIHAD BUHECEHHS TATOBOI pamMu
y6iK. [laHe momyuieHHs [103HaYa€eThCs [IpY BUKOHAHHI TEXHOJIOTIYHMX OIlepallili KOCOBCTaHOBJIEHHOTO OCHOBHOIO
BiZlBaj1a 3 BUHECEHHSIM TITOBOI paMu abo BifBasa. MaremMaTH4yHa MOJi€Jb BAOCKOHAJIEHA IPYU CTAaTUYHOMY Ta
IVHAaMIYHOMY HaBaHTAXXEHHI CTOCOBHO BUKOPMCTAHHA iX [1J151 BCIX TUIIIB aBTOIPENEPIB 3 ypaxXyBaHHAM
KiHeMaTU4HUX 3ayexxHocTet MITTP, mo rapanTye oTpUMaHHS LOCTOBIPHOCTI 3HaY€Hb PO3PAaXyHKIB 3 BiTHOCHOIO
IIOXMOKOIO Y IPUNYCTMMUX MeXKax (IoBipeHuM iHTepBasom 0,9) Ta nizpuieHHs epeKTUBHOCTI MallMHY 6JIM3bKO
25%. Yriepiie ekcriepruMeHTaIbHO JOCJIiIKeHUI BILJIMB MIOJIOKEHHS TOUKY MTPUKJIaIeHHS 30BHIIIHIX HAaBaHTaXXEHb
Ha OCHOBHOMY BigBaJsii Ha HaBaHTaXeHicTs MIITP, 10 CBiTYMTL IIPO HETOYHICTL BUKOPUCTAHHS paHille iCHYIOUNX
METOJMK PO3paxyHKiB. [IpoaHani3oBaHO BIIJIUB 3MillleHHS TOYKY MTPUKIJIAJEHHS 30BHIITHBOTO HABAHTAXKEHHS Y3[IOBXK
pizasibHOI KpaliKy OCHOBHOTO BifiBajla, BCTAHOBJIEHO, 110 3MiHa 3ycuud B rigpounningpax MIITP aBrorpeiinepa He
Jiiiie B abCOJIIOTHOMY 3HA4Y€HHI, a i 3MiHa y HAaNPSIMKY Zilo4ux peakuiil. PO3po61eHo KOMITIOTEPHY MOJEb
MO/JIEPHI30BAaHOTO MEXaHi3MYy MiABICKM TATOBOI paMu aBTOTPeNAepPa, O JO3BOJINIIO PE3YIbTaTaM BipTyalbHUX
IOCTiIKeHb 3allpONIOHYBAaTH METOJ, 3MiHM KiHEMaTHKU IiJBiCKU TSTOBOI paMy, KOTpa 3abe3revye 3MeHIIEHHS
HABaHTaXEHOCTI IpX pOOOTi aBTOrpeNiepoM. BIIpoBapKeHHS Oflep>KaHUX Pe3YJIbTaTiB BUKOHAHUX JOCIIiI)KEHb Ha
aBToOrpeiizepax 3 MOJIEpHiI30BAaHUM POOOYMM OGIAAHAHHAM Y BUTJISALI OOATKOBOTO MEXaHi3My ITifBiCKU TSATOBOI
pamMu J03BOJIMTbh 3MEHIIUTU HaBaHTakeHHsT MIITP i aBTorpeiinepa, B LiijIoMy, 3aBASKA YOMY 301IbIIMTHCS Yac
BMKOPHMCTaHHS MAllMHU [0 PEMOHTY, @ TaKOXK 3MEHIINTHA MaTepiajibHi BUTPATH, IO B MiJICYMKY JO3BOJIUTD

NiABUIIMTY €(PEKTUBHICTb BUKOHAHHS aBTOrpeliepa pY BUKOHAHI TEXHOJIOTIYHUX ONepaliil.

2. The thesis is devoted to solving the actual scientific and applied problem of increasing the efficiency of motor-
grader at the expense of reducing the load of working equipment. The thesis is devoted to solving the actual
scientific and applied problem of increasing the efficiency of working equipment (on the example of middle class
motor graders). It is achieved by stabilizing the load mode of the traction frame suspension mechanism (TFSM) by
modernizing the working equipment with an additional suspension element. It will improve the machine efficiency



by reducing the asymmetry load of hydraulic cylinders of motor grader working equipment, and, as a result,
increase the machine’s working life at operation. In the thesis the relevance of the topic is substantiated, the
object, subject, purpose and objectives of the study are formulated, the research methods are described, and the
thesis connection with scientific programs, plans, topics are determined. Information on approbation and
publication of the results of the thesis research is provided, the literature search and its analysis is made,
appropriate static and dynamic models are developed; field experiments were carried out in field conditions with
the existing TFSM, a virtual model of the working equipment was generated and the kinematics of the existing and
modernized equipment were analyzed, practical recommendations for the rational choice of design parameters for
the TFSM were developed and economic efficiency of the proposed method of increasing the durability of graders
was calculated. The scientific novelty of the results is the following: using the developed static spatial scheme and
mathematical model, the dependencies of the forces in the actuating cylinders on the input kinematic
characteristics and external power loads were determined taking into account the specific features of the TFSM
design; using the developed dynamic spatial scheme and mathematical model, the dependencies of the efforts on
the grader blade on the external input loads were determined taking into account the asymmetry of the TFSM
design; the level of efforts asymmetry in the TFSM hydraulic cylinder during operations was established; new
regularities of the variable coordinates location of the TFSM hydraulic cylinders and modes of the working process
to the TFSM hydraulic cylinders’ load have been established. The results of the research were implemented in the
LLC «Mashhidropryvid», LLC «Kharkivspetsbud-1», the design and installation firm LLC «Specialized Management
of Mechanized Works», and in the educational process for bachelors in specialty 133 «Mechanical Engineering» in
Kharkiv National Automobile and Highway University. The mathematical model is improved for static and dynamic
loading with respect to their use for all types of motor graders, taking into account kinematic dependences of
TFSM, which guarantees the accuracy of calculations with a relative error within acceptable limits (confidence
interval 0,9) and increase of machine efficiency of about 25%. For the first time, the influence of the location of the
point of application of external loads on the main blade to the load of TFSM was experimentally investigated, which
indicates the inaccuracy of the use of previously existing calculation methods. On the basis of additional tasks, an
engineering method was developed to determine the rational parameters of the working equipment load, which
allowed us to offer a modernized design of the mechanism for securing the hydraulic cylinder to pull the traction
frame to the side, which results in reducing the uneven loading of the TFSM actuating hydraulic cylinders, which,
in turn, leads to the increase of durability and performance of motor graders. The influence of the displacement of
external load application point along the cutting edge of the main blade has been analyzed, not only the change of
force in the hydraulic cylinders of the TFSM motor grader has been established in absolute value, but also the
change in the direction of the existing reactions. A computer model of the upgraded motor graders TFSM has been
developed, that allowed for the results of virtual research to offer the method of changing the kinematics of
traction frame suspension, which ensures reduced load at motor-grader operation. The implementation of the
results of the studies performed on the motor graders with modernized working equipment in the form of an
additional mechanism for the suspension of the traction frame will increase the durability of the TFSM and the
motor grader, as a whole, which will increase the machine’s efficiency and material costs. Eventually it will
increase motor grader efficiency during operations.
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