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MATEMATHYECKASA MOJIEJIb KOJIEBAHUM OCTOBA
T'YCEHUYHOI'O TPAKTOPA C YYETOM HEJWHEAHOCTH
XAPAKTEPUCTHUKU NIOJABECKH

3anpornoHoBaHa MaTeMaTHYHA MOJENb KOJIMBAHb KiCTSKa T'yCEHHYHOTO TPAKTOPa 3 ypaxXyBaHHSIM Helli-
HiliHOCTel GanancupHOi i TopcioHHOI minBicok. HaBeneHi HaBaHTaXyBaJIbHiI XapaKTEPHCTHKH ITiIBICOK
MOXYTb OyTH BUKOPUCTaHI B CKJIaJ[i yTOYHEHOI MaTEeMaTHYHOI MOJIEJIi.

The article presents mathematical model of caterpillar tractor frame oscillations with taking into account
the nonlinearity of balancer and torsion suspensions. Loading characteristics of balancer and torsion
suspensions can be used in precision mathematical model of caterpillar tractor.

[Ipu permenuu kpyra 3aaady, CBA3aHHBIX C 00ECIICYCHHEM KOMQOPTHBIX YCIIO0-
BHIl TpyJa OlepaTopa, CHIKCHUEM TUHAMHYICCKUX HATPY30K B y3JIaX U CHCTEMax
TpPaKTOpa BO3HUKAET HEOOXOJUMOCTh B peaH3aIid MaTEMaTHICCKONH MOJIEITU KO-
ne0aHuil 0CTOBAa TYCEHHYHOrO TpakTopa. B nmTepaType MOCTaTOYHO MOIPOOHO
U3JI0KCHBI OCHOBHBIC JIOMYIICHUSI, KOTOPBIC IPUHUMAIOTCS TIPH COCTABJICHUM Ma-
TEMATHYCCKON MOJICTH BEPTUKAIBHBIX U MPOIOJIBLHO-YTIIOBBIX KOJIEOaHUN TTOCKON
cuctemsl [1, 2]. K HUM OTHOCHUTCS M 3aMeHa pPealIbHbIX YINPYTUX AJIEMEHTOB MO/I-
BECKHU NPUBEICHHBIMU K OCH KaTKa YIPYTUMH 3JIEMEHTAMH C MTOCTOSTHHOM YKECTKO-
CThIO. B CBSI3M ¢ 3TUM IpUHUMAEMEBIC TOMYIIECHHUS BHOCSAT MOTPEITHOCTE B PE3Yiib-
TaThl PACYCTOB ¥ UMHUTAITUOHHBIX YKCIICPUMEHTOB.

[enblo JaHHOTO MCCIIEAOBAHUS SIBISCTCS COMOCTABJICHUE PE3YJILTATOB MOJIEC-
JIUPOBAHUS KOJEOAHWH OCTOBA TPaKTOpa C YINPYTUMHU DJIEMEHTAMHU ITOCTOSHHOU
JKECTKOCTU M YIIPYIMMH 3JIEMCHTAMH C HATPy30YHBIMH XapaKTEPUCTUKAMHU, MTOTY-
YCHHBIMU B XOJI¢ JTA0OPATOPHBIX UCIIBITAHUT.

MateMaTtudeckast MOJIENb KOJICOaHUH OCTOBA TYCEHUYHOTO TPAKTOPa C YUETOM
HEJIMHEHHOCTU XapaKTEPUCTUKH MOIBECKU. J[JI1 CpaBHUTEILHOI'O UMHTAI[HOHHOTO
9KCIIEPUMCHTA B Ka4eCTBE OOBEKTa HCCIICOBAHUS OBLI BBHIOPAH TPAKTOP IMPOH3-
BozctBa OAO «XT3 mm. C. Opmxonukuaze» X13-181-07 co cmemanHoii OanaH-
CHUPHO-TOPCHOHHOM MOIBEeCKOi#t (puc.1).

[IpenBapuTenbHO B JIAOOPATOPHBIX YCIOBUSX OBUIH CHSATHI HATPY304YHBIE Xa-
PaKTEpUCTUKH OATAHCUPHOW M TOPCHOHHOM TOJBECOK TpakTopa. B Xoje cHATHSA
XapaKTEePUCTHK (PUKCHPOBAIUCH YTOJl MMOBOPOTA OalaHCHUpa W HArpy3ka Ha KaTOK
ITOIBECKHU.

[To pe3ynbraTaM HPOBEICHHBIX JTAOOPATOPHBIX HCIBITAHUA OBUIH MONYYEHBI
(YHKIIMOHATBHBIC 3aBUCHUMOCTH MEXKIY BEPTHKAIHHBIM IMEPEMEIICHUEM KaTKa U
HATPy3KOH Ha KaTOK JUIs OaJIaHCHPHON U TOPCHOHHOM IMOBECOK ITyTEM amlpOKCHU-
MaIliH C UCTIOJIH30BAHUEM METO/Ia HANMEHBIITUX KBA[PATOB.
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Puc. 1. O6bexT nccnenoBanus Tpakrop X 13-181-07:
a — o0mui BuI; 6 — cXxeMa XOJ0BOM CHCTEMBI

Harpy3ouHble XapakTepuCTHKH UMEOT Buf [3,4]:

Q,,, =0,1267-h, +0,0094-h? —0,00004-h*; (1)
Q. =0,3411-h —0,001-h? +0,000004-h? @)

rae hi — BCPTUKAJIBHOC MECPEMCIIICHUC KATKaA.
B pacuerax st 6aJ1ch1/1pHoﬁ MOABCCKH MPUHUMAJIOCH:

hi =4 +Ziy,, (3)

TI€ Zj, Zi+1 — BEPTUKAJIBHBIE NTEPEMEIICHHS KATKOB OaJaHCHPHOW KapeTKHu, paccyu-
TaHHBIE C YYETOM IOJIOKEHUSI OCTOBA TPAKTOPA U HEPOBHOCTEW OMOPHOM MOBEPX-
HOCTHU.

Jl1st TOpCHOHHOM moaBecku h, =z, .

BepTI/IKaJ'H)HI)Ie NEPEMCUICHUA KAaTKOB [UIA Cliy4das ABWKCHUA 11O CUHYCOU-
JaJIbHBIM HEPOBHOCTAM OIPEACIIAIOTCA COOTHOLMICHUAMM!

Zi=—Z+|i~g0+h0~Sin[Vt—+lij, (4)
a
TZIE Z, ¢ — BEPTUKAIBHOE U IIPO/IOJILHO-YIIIOBOE MEpeMEIIeHHe 0CTOBa (pHC. 2);

li — xoOpAMHATBI OCEel OMOPHBIX KATKOB OTHOCHUTENBHO IIEHTPA TSXKECTH MOJ-
PECCOPEHHOr0 OCTOBA;

ho — aMIuTTYIa HEpOBHOCTEW OMIOPHO¥ TTOBEPXHOCTH;

a — JUTMHa HEPOBHOCTH;

V — CKOpOCTh TPaKTOPA;

t — BpeMsl TBIDKEHUS.
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Puc. 2. Pe3ynmprats! pacuera konebaHuii ocToBa TpakTopa X13-181-07
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Torz[a Harpys3ku Ha HaH(l)I)I OCTOBA C YUCTOM HATKCHHS I'YCCHUIIBI PABHBI:

F, =Q,, —T-sina,;

F3 = QTO]’)C ’

Fis = Qs —(T+P, /2)sina,; ©)
rae T- npeaABapUTCIIbHOC HATAXKCHUEC I'YCCHUIIbI;

PKp — CHJIa TSTH Ha KPIOKE;

Ol1,0lp — YIJIBI HAKJIOHA NMEPEAHCTO HAKIIOHHOTO Y4aCTKa IECNH U BEAYHICTO y4aCTKa
e COOTBETCTBECHHO.

JuddepeHunanbabie ypaBHEHNS IBH)KEHHST OCTOBA UMEIOT BHI;

m-Z
T:F12+F3+F45 Y (6)
|6
T¢=—F12~a12—F3~a3—F45~a45
(7)
rae m, G, [ — macca, Bec 1 MOMEHT UHEPIIUU OCTOBA TPAKTOPA;
aj2, a3, a45 — KOOPAMHATHI Iar() OCTOBa OTHOCUTENIFHO €0 IIEHTPa TSHKECTH.

Pe3ynpraThl pacuera konebaHnii 0OcTOBa NPUBEICHBI HA PHC. 2.

BeBonsl. IlpenokeHHas yroyHeHHass MaTeMaTH4ecKas MOJeNb KojeOaHui
OCTOBa TPAaKTOpa C y4ETOM peasIbHBIX HEIMHEWHBIX XapaKTEepUCTUK OaraHCHpHOU
U TOPCHOHHOW MOJBECOK MO3BOJISIET OOJIee TOYHO ONPEEIUTh apaMeTpsl Koieba-
TEJNBHOTO IpoIiecca.

Pe3ynbpTaThl IMUTAIIMOHHOTO SKCIIEPUMEHTA MOKA3aJIU CIEIYIOIIee:

1) s TOPCHOHHOW TOJBECKH YCHIIHS B Hamndax s peabHOW HArpy304HOU
XapaKTEePUCTUKH (CIIOMIHAS KPUBAs) M JIMHEHHOH 3aBUCUMOCTH (ITYHKTUpPHAs! KpH-
Bas) MPAKTHYECKH OJIMHAKOBBIE;

2) nnst GaslaHCUPHOM MOABECKH B CITydae JTMHEHHOW XapaKTepUCTUKH YCUIINS B
nandax umeroT donbimii pazmax (Ha 20-25%), 4TO IPUBOIUT K POCTY BEPTHKAIb-
HBIX YCKOpeHui octoBa Ha 25-30% u pocTy pa3maxa BEpTUKaJIbHBIX MEpeMele-
HHI ocToBa Ha 15-17%;

3) xapakTep MpoIOJIbHO-YIIIOBBIX KOJICOaHUH B 000UX CITydasix OJMHAKOB.

Cnucox aureparypsbi: 1. l'opawxo I1.M., Onanacenxo H.P. K Bonpocy Hcclefi0BaHUs IJIaBHO-
ctH xoxa Tpakropa T-150 // Bectnuk Xapbk. monurtexH. nH-Ta Ne 222: KoHcTpynpoBaHHe H UC-
cienoBanue TpakTopoB. — 1985. — B 6. — C. 31-33. 2. [uumpues A. A., Casouxun B. A. Omnpe-
JIeJIeHHEe MaJIbIX KOJIeOaHUil 0CTOBa I'yCEHHYHOr0 TpakTopa // TpakTOphl H CeJIbCKOX035i CTBEHHEIE
mammubl. — 2001. — Ne 4. — C. 23-25. 3. Co3anue nepcrnekTuBHbIX JBMkuTeneid:Otaer o HUP /
HTVY «XIIW».- X/n 26540. — Xapekos, 2001. — 137 ¢. 4.Meroauueckue ykazaHus K jgaboparop-
HBEIM paboTaM o kypcy «IIpoexTupoBaHUe TpaKTOpa» A CTyJEHTOB crenuansHocT «KonecHsie
U TyCeHHYHBIe TpaHCHOPTHEIE cpenctay/Coct.: Mumponan [.M., Pebpos A.10., Cepeuenxo H.E.
- XappkoB: HTY "XIIN", 2004. — 40 c.

Iocmynuna 6 peokoaneeuio 30.09.07
158



