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B cmamve paccmampusaiomea HeKOmopuvle 80NPOChbl KOHCIMPYUPOBAHUA MAUWUHbI, NPEOHASHAYEHHOU O pabomuyl
8 20pHbIX yCn06uAx. H3éecmHo, umo 015 HOPMANbHOU pabomvl Oueameis 6HYMPEHHe20 C20PAHUA HeOOX00UMO e20
20pUBOHMATIBHOE NOJONHCEHUe, A O NCUXONOSUYECKU YBePEeHHOU pabombl Onepamopa Mauluhbl €20 KOPnyc OONHCEH
HAXOOUMbCA 8 6ePMUKATILHOM NON0dCEeHUU. Bvinonnenue smux ycnosuii obecneveno 6 mawune no namenmy Poccuu
Ne 2059502. B smoui mawiuHe Ha 2yceHuuHoe Waccu yCmaHosieH MOMOPHO-MPAHCMUCCUOHHBL ONIOK KONECHOU Mauiu-
Hbl, KOMOpulll 6KII0Yaem 6 cebs 0gueameinnv, CULOBYI0 nepedayy u Kabuny eooumens. MomopHo-mpancmuccuoH bl
00K C8A3AH C 2YCEHUUHOU MEeNeHCKOU NOOWUNHUKOBLIMU V3NAMU, YCMAHOBIEHHBIMU HA 8bIXOOHLIX 6A1aX MOMOPHO-
MPAHCMUCCUOHHO20 ONIOKA, U 2UOPOYUNUHOPOM, KOMOPULILL 0becneuusaen nogopom MOmMopHO-mMpaHCMUCCUOHHO20 bo-
KA OMHOCUMENbHO 2YCeHUUHOU MeNeHCKU 051 2OPUSOHMATLHO20 NOJIONCEHUA O8ULAMEN BHYMPEHHE20 C2OPAHUA U 6ep-
MUKANLHO20 NOA0JICeHUs. onepamopa. [Ipu Koncmpyuposanuu maxou MauwiuHbl 603HUKAEM 80NPOC O KOOPOUHAMAX
IMUX MOUEK U NAPAMEMPAX 2UOPOYUTUHOPA.

Hns pewenus smozo eonpoca 6 cmamve NpeocmasieHa CXema NpoeKyuu NOOUUNHUKOBO20 Y31a MOMOPHO-
MPAHCMUCCUOHHO20 ONIOKA U MOYEK KPenaeHus 2UOPOYUTUHOPA K MOMOPHO-MPAHCMUCCUOHHOMY OIOKY U K pame 2yce-
HUYHOU MeNeXHCKU HA 6ePMUKANLHYIO NPOOOTBHYIO NIOCKOCHIb, NPOXOOAWYIO Uepe3 Mauuny. Ananus npedcmagienou
cXembl NO360UI NOTYHUNb YPAGHEHUe, Onpedenioujee KOOPOUHAMbL MOYeK KPenaeHus cUOPOYUIUHOPA OMHOCUMENbHO
NOOWUNHUKOB020 Y314 U ONUHY SUOPOYUTUHOPA 6 3ABUCUMOCMU OM 3A0AHHLIX 3HAYEHULl Y208 HAKIOHA MOMOPHO-
mparcmuccuontoeo onoxa. Onpeodeneno ycunue cuOpoyuruHopa 01a Co30aHUs OMHOCUINETbHO NOOWUNHUKOBO20 V3ld
KpymAuje2o MOMeHma, Komopbli 00nxceH Obimb He MeHbUle CYMMAPHO20 KpymAue20 MOMEHMA, 8Kuouanuezo 6 cebs
KpYMAWUIL MOMEHI OM 8eca MOMOPHO-MPAHCMUCCUOHHO20 OJIOKA U PeaKmMuGHbLil KPYymAwuil MOMEHM Ha MOMOPHO-
MPAHCMUCCUOHHOM OJIOKe, onpeodensiemvill KpYmAuWUM MOMEHMOM HA 6bIXOOHBIX 8ANAX MOMOPHO-MPAHCMUCCUOHHO2O0
6110Ka npu pabome 0gueamens BHymMpeHHe20 C2OPaHU.

Knwuesvie cnosa: MOI’I’IOpHO-mpaHCMuCC‘uOHHblZZ 6]101(', cucmema U3MeHEHUA NOJIOIAHCEHUA, eu()pouwzum)p, waprup,
COpHASA Mawiura, dsyxeyceﬂuwaﬂ Mawura.
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DETERMINATION OF TILT SYSTEM PARAMETERS ENGINE-TRANSMISSION UNIT
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The article deals with some issues of designing a machine designed to work in mountainous conditions. It is known
that for the normal operation of the internal combustion engine, its horizontal position is necessary, and for the
psychologically confident operation of the machine operator, its body must be in a vertical position. The fulfillment of
these conditions is ensured in the machine according to the Russian patent No. 2059502. In this machine, a motor-
transmission unit of a wheeled vehicle is installed on a caterpillar chassis, which includes an engine, a power
transmission and a driver's cab. The motor-transmission unit is connected to the caterpillar bogie by bearing
assemblies mounted on the output shafts of the motor-transmission unit, and by a hydraulic cylinder, which ensures the
rotation of the motor-transmission unit relative to the caterpillar bogie for the horizontal position of the internal
combustion engine and the vertical position of the operator. When designing such a machine, the question arises about
the coordinates of these points and the parameters of the hydraulic cylinder.

To solve this issue, the article presents a projection diagram of the bearing assembly of the motor-transmission unit
and the points of attachment of the hydraulic cylinder to the motor-transmission unit and to the frame of the caterpillar
bogie on a vertical longitudinal plane passing through the machine. The analysis of the presented scheme made it
possible to obtain an equation that determines the coordinates of the hydraulic cylinder attachment points relative to
the bearing assembly and the length of the hydraulic cylinder, depending on the specified values of the tilt angles of the
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motor-transmission unit. The force of the hydraulic cylinder is determined to create a torque relative to the bearing
assembly, which should not be less than the total torque, including the torque from the weight of the motor-transmission
unit and the reactive torque on the motor-transmission unit, determined by the torque on the output shafts of the motor-

transmission unit block when the internal combustion engine is running.

Keywords: motor-transmission unit, position change system, hydraulic cylinder, hinge, mining machine, two-track

machine.

BBEJIEHUE

lopHast IBYXryceHHYHas MalllWHA IO MareHTy Poccuu
Ne 2059502, nokazana Ha puc. 1, BKIIIO4aeT B ce0st TyCeHnY-
HYIO TEJICKKY ¥ CBS3aHHBIN C HEH IMOIIUITHUKOBBIMH y3JIa-
MH U THAPOLUIMHIPOM MOTOPHO-TPAHCMHUCCHOHHBIN OIIOK,
KOTOPBIil BKJIIOYACT B ce0sl BUTATENb, CUIIOBYIO Mepeaayuy
C BBIXOAHBIMH BajlaMd U KabuHy. MOTOPHO-TpaHCMHC-
CHOHHBII OJIOK MOXKET OBITh HCIIONB30BAaH OT KOJIECHOTO
Tpakropa. [1oANMIHUKOBBIE Y3JIbl YCTAHOBJICHBI HA BBIXO/I-
HBIX BaJlaXx MOTOPHO-TPAHCMHCCHOHHOTO Oj0ka. C momo-
b0 TUAPOHWIMHAPA BO3MOKHO IIOBOpAYMBaTh MOTOPHO-
TpaHCMPICCHOHHLIﬂ 6.]'101( OTHOCHUTCIIBHO BBIXOJIHBIX BaJlIOB
JUTS TIOBBIIIICHUS YCTOWYMBOCTH MAIIIMHEI M CO3/1aHus OoJiee
KOM(OPTHBIX YCIIOBHIA ISl Pa0OTHI JBUTATENST BHYTPEHHETO
cropanus U Bomutens. [lpu pa3paboTKe MamIMHBI MOTYT
BO3HHMKHYTH IPOOJIEMBI TIPH ONPEICICHUH MECT KPETUICHHS
THAPOLUIMH/PA U €r0 Pa3MepOB.

MOTOPOHO-TPAHCMUCCHOHHBIH

o MoAWLKWNHUKOBLIN Y381 HAaKNOHA MOTOPHO

TPAHCMMWCCHOHHOTO BnoKa

l'yceHu4HanA Tenemua

=
Y
.

Y

TMApOUMAMHAP HAKNOHA MOTOPHO-
TPaHCMWUCCUOHHOTO B/10Ka

LenHas nepegaya
NPUBOAA MYCEHULbI

Puc. 1. Cxema IBYyXTryCeHHYHOH FOPHOIl MAaIIMHBI

METO/bI 1 PE3YJbTATBI HCJEJOBAHUS

CrpoeKkTupyeM MOAIMITHUKOBBIM y3€ll HaKJIOHa MO-
TOPHO-TPaHCMUCCHOHHOTO 0JIOKA, OCH KPEIUICHHsI THIPO-
LUWIMHIpA K paMe T'yCEHHYHOU TENEXKU U K MOTOPHO-
TPaHCMHUCCHOHHOMY OJIOKY Ha HPOJOJIBHYIO BEPTHKalIb-
HYIO TUTOCKOCTh MAIIMHBI [TPY BEPTHKAJIHHOM I0JI0)KEHHN
MOTOPHO-TPAaHCMHCCHOHHOTO OJ10Ka (puc. 2).

U3 cxemel caenyer:

L L
@, =arctg—-; @, =arctg—"r. (1)

hy hy
ITpn HaKIOHE MOTOPHO-TPAHCMHUCCHOHHOTO OJIOKa Ha
yrou 0 (mpu HakJOHE OJIOKa BIEPEN TOT YIOJ IOJIOXKHU-
TENbHBIN, a IPU HAKJIOHE Ha3ajJ — OTPULATEIbHbII) COOT-
BETCTBEHHO M3MEHseTcs yroi HakjoHa tuauu OM. Toraa
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ITo Teopeme kocunycoB [2] s TpeyroiabHuka 0PM
Oy/eM UMETh:

2,32
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Puc. 2. IIpoexuusi NOAIUNHUKOBOIO y3J1a H TOYEK
KpeIJieHUus] THAPOLMJINHAPA HA BEPTHKAJIbLHYIO
NPOJO0JIbHYIO IVIOCKOCTh:

«0» — IOAMMITHUKOBBIN Y3€J HAKIIOHa MOTOPHO-TPAHCMHC-
CHOHHOTO 0J10Ka; «P» — 0Ch KpeIieH sl THAPOLMIAHAPA K paMe
TYCCHUYHOM TENESKKH; «M» — OCh KPEIJICHUS THIPOIMIHHAPA
K MOTOPHO-TPAHCMUCCUOHHOMY OJ10KY; L, /i, — KOOpIMHATHI
ToukH «P» oTHOCUTENBHO TOUKU «0»; Ly, /1y — KOOPIMHATHI
TOYKH «M» OTHOCUTEIBHO TOUKH «0»; [, — pacCTOSHUE MEXKIY
OCSIMU THAPOLMIMHAPA; 7' — MEPICHINKYIISP, OMyICHHBIN

u3 ToukH «0» Ha muHII0 P-M (T71€490 TUAPOIMITMHAPA OTHOCH-
TEJNBHO TOUKH «0»; R — pajilyc OMMUCaHHON OKPYKHOCTH
tpeyrombauka OPM; hyy,, Ly, — KOOpAUHATHI IEHTPA TSDKECTH
LT MOTOpHO-TPaHCMHUCCHOHHOTO OJI0Ka

YpaBaenue (5) MO3BONSET NpU 3aJaHHBIX MAaKCH-
MajbHBIX M MHHHMAJBHBIX 3HAYEHHSX YIJIOB HAKJIOHA
MOTOPHO-TPAaHCMHUCCHOHHOTO OJIOKA ONpPEIeNuTh MaKCH-
MajbHYI0 M MUHHMAJbHYIO IUIMHBI THAPOLMIMHIpA H
KOODJMHATBI KPEIJICHUS] €r0 K T'yCEHHUYHOM TeleXKe U K
MOTOPHO-TPAHCMUCCHOHHOMY OJIOKY.

[Mocne onpeneneHust TOUYEK KPEIJICHUs THAPOLMIHH-
pa K TYCeHWYHOW TeNeXKe JUIsl 3HaYeHUH JUTMH THIPOLH-
JIMHIpPA OT MHUHMMAJIBHOTO /10 MaKCHMaJBHOTO HE00Xo-
JIIMO OTIPEJIETIUTh IIJIeHY0 AEHCTBUS IMIPOLMIIMHIPA OT-
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HOcUTENBHO Touku «0». Ilnedo ruapounnuHapa omnpene-
JIUTCA KaK JJIUHA NepHeHIUKYIIApa, ONYLUIEHHOTO U3 TO4-
ku «0» Ha muHII0 PM.

[To Teopeme KocuHYyCOB a1 Tpeyronbauka 0PM

b =a*+ Ly —2alcosa. (6)
Torma
a’+1, b
cosoL = ——= (7
2al

T

Ilneyo ruapoLUIMHIPA ONIPENETUTCS:
2
a*+1, b’

r=asino=a(l-cos’a)=al1-
2al

Vewnre, co3maBaeMoe THAPOLIINHIAPOM, MPOTHBO-
JEHCTBYET NEHCTBYIOIIEMY KPYTSIIEMy MOMEHTY Ha MO-
TOPHO-TPaHCMUCCHOHHOM OJIOKe NpH ero pabore:

P — TI] , (9)

rae M, — NeHCTBYIONUIMH KPYTAIINUHA MOMEHT Ha MOTOPHO-
TPaHCMUCCHOHHOM Onoke, HM; 7y, — JIMHA nepHeHanKy-
JApa, OIMYIIEHHOrO0 M3 LEHTpa TSHKECTH MOTOPHO-
TPaHCMUCCHOHHOTO 0JIOKa Ha BEPTUKAIBHYIO OCh, IIPOXO-
JiIyo 4gepe3 Touky «0» (och TOBOpOTa MOTOPHO-
TPaHCMHCCHOHHOTO OJIOKa), M.

HeicTByromuii KpyTSIMA MOMEHT Ha MOTOPHO-
TPAaHCMUCCHOHHOM OJIOKE cO031a€Tcsi PEakTHBHBIM MO-
MEHTOM OT paOOThl BEAYIIUX 3BE3NOUEK M MOMEHTOM OT
BECa MOTOPHO-TPAHCMHUCCHOHHOTO OJI0Ka.

PeakTuBHBIE MOMEHT MOTOPHO-TPAHCMMCCHOHHOTO
0JI0Ka OTIpeIeTUTCS:

Mpeak = MJ:[BCqunTp ’

(10)

rae My, — MaKCUMaJbHBIN KPYTSIUUA MOMEHT JIBUraTels
MOTOPHO-TPAHCMHCCHOHHOIO OJIOKA; U, — MaKCHMallb-
HOE TIepeaTOYHOe YHUCIIO CHJIOBOH Tepenayd MOTOPHO-
TPaHCMHUCCHOHHOTO OJI0KA; #,,, — KO3 (ULUEHT OJIE3HO-
ro IeUCTBUS CUIIOBOM Mepeiayu.

U3 cxemsl (puc. 2) cienyer, 4To

L
sing,, =—-, (11)
luT
OTKY/1a TIOJTy4YaeM:

Ly
¢, = arcsin—-.

(12)
igy
Ilpn HakIOHE MOTOPHO-TPAHCMHCCHOHHOTO OJI0Ka
YTOJI COCTABHUT
!
Prr = Pyr +0. (13)

Torma muedo MACWCTBUS CHWIBI Beca MOTOPHO-
TPAaHCMUCCHOHHOTO OJI0OKa OyIeT paBHO
fow = L sin(@, +0). (14)

MowmeHT, co31aBaeMblii BECOM MOTOPHO-TPAHCMUC-
CHOHHOTO OJI0Ka!

M Gurslir = Gunolie SIN(Q,, +0). 15

CyMMapHBIH KPYTAIIAA MOMEHT MOTOPHO-TPAHCMHUC-
CHOHHOTO 0JI0Ka

MT6

My =M, +M (16)

Ycunue, pa3BuBaeMoe THAPOLMIMHAPOM, Torna Oyaer
paBHoO:

peaxk *

P - M, M; Grgli SIN(Q ;. + 6)+MﬂBcqur|Tp
o - - .
T Ty Ty

(17)

[Tpn omnpeneneHNH UIMHBI THAPOLMIMHIPA MO YpaB-
HeHnio (5), MOMEHTa, CO3[JaBacMOTO BECOM MOTOPHO-
TPAaHCMHUCCHOHHOTO 0JI0Ka TI0 ypaBHEeHHIO (15) u ycwmmus,
Pa3BUBAaEMOT0 THUAPOIMIMHAPOM IO ypaBHeHHio (17)
HeoOxoanMo OpaTh OfHY M Ty )K€ BeNMUYMHY O yria Ha-
KJIOHa MOTOPHO-TPaHCMHUCCHOHHOTO OJI0Ka.

3AK/IIOYEHHUE

IIpoBen€HHOE TEOPETHUECKOE HCCIIENOBAaHUE IIO3BO-
JSeT aHAJUTUYECKH MOJIYYHTh ONTHMAaJbHBIE KOOpAHMHA-
THI KPETJICHNS THAPOLIMINHAPA K TYCEHUYHOH TeNeXKe 1
MOTOPHO-TPAHCMHUCCHOHHOMY OJIOKY, ONTHMAJIbHBIC MH-
HUMAaJIbHbIE U MaKCUMaJbHbIe pa3Mephl THAPOIMIUH/IPA,
a TaKXe OIMpPEJIEIUTh €ro MapaMeTphl.
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