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Bompoc y4era 31acTHYHOCTH JIBIKUTENCH B paMKaX MOJIEINCH, OMMCHIBAIOIINX BO3ACHCTBIE JIECHBIX MAIIMH Ha MOYBO-
TPYHTBI JIECOCEK (UTO MMEET MECTO NpHU paboTe KOJIECHOH JIECO3ar0TOBUTEIBHON TEXHHUKN ), Hy’KIaeTcsl B JajbHeHIel mpopaboTke.
B TexHHKe 3a4acTy0 HCIIONB3YIOTCSI OIHOCIOKHBIE (DOPMYITBI, HE MO3BOJIIIONINE MPOAHAIN3UPOBATh BIIMSHUE CBOICTB IOBEPX-
HOCTHU JIBIDKeHMsI Ha pedpopMarmm nprkutens. IIpetaraeMasi CTarhst TIOCBSIIECHA COCTABICHUIO MOJIEIH, TIO3BOJIIOIIEH y4ecTh
9IACTUYHOCTB KOJIECa JIECO3arOTOBUTENIBHOM MAILIMHBI IIPU COCTABICHUN YTOYHEHHbBIX MaTeMaTHYECKUX MOJIEIIEH B3aUMOICHCTBHS
JIBIDKHTEIIEH KOJIECHOW TEXHHKH C MOYBOrpyHTaMH. B kauecTBe 0a30BBIX (hOPMyJ MPH pacdyeTax NPUHSTH 3aBUCUMOCTH, TIOTy-
YEHHBIC B PaMKaxX TEOPUH JIBUKCHHS MAIIHH [0 OE3I0POKBIO, @ TAKIKE PE3YNIBTAThl, MOMyYEHHBIE PaHee JUTsl Cllyyasi B3auMoIeric-
TBUS KOJICCHBIX JIBI)KHMTENCH JIECHBIX MAINH C JKECTKOH MOBEPXHOCTBIO JABIKCHHUS. PacyeTsl IPOBE/ICHb! B IIMPOKOM JHANa30He
HCXOJHBIX JAHHBIX (B KA9€CTBE KOTOPHIX MCIIOIB30BAH JHAMETp Kojleca, IMPHHA [INHBI, BHYTPEHHEE JaBlIeHNe B KaMepe IIHHEI,
NIPUBE/ICHHAs HArPy3Ka Ha KOJIECO) TIPH BapbHPOBAHMHU OCAJIKH TOYBOTPYHTA IO BO3JCHCTBUEM JIBIKUTEIS. Pe3ysbTaThl pacyeToB
aNMpOKCUMHUPOBAHBI TIPU MOMOLIM METO/Ia HAMMEHBIINX KBAJPaToB, B PE3YJbTaTe YEro Mojly4eHa MHOrornapamerpuyeckas (GpyHk-
1IHs1, CBSI3BIBAIONIAS THAMETP KoJleca, IMMPUHY [IMHBI, BHyTPEHHEe aBJICHHE B KaMepe IIHHbI, TPUBEJICHHYIO Harpy3Ky Ha KOJleco,
BEPTUKAIBHYIO JeopMaInio (0caIKy) MOYBOIPYHTA U paaralibHyt0 aedopmarmo mmHblL [TormydeHHas MHOTOIapamMeTpHIecKas
MOJIeiIb KaueCTBEHHO comIacyeTcst ¢ (pu3ndeckoll KapTHHOW edopmalyy kosieca Ha 1e(h)OpMUPYEMOM IPYHTE: IPU YBEIMYCHUH
JKECTKOCTU OCHOBAHMSI (IIPH CHIDKEHNH OCAJIKH) pacdeTHbIe 3HaueHNMs iepopManiy Kojieca BO3pacTaloT, HAIIPOTHUB, C YBEIMYECHUEM
MOJIATJIMBOCTH OCHOBaHUS (IIPU YBEIMYCHNH OCAJIKH) IIPH MPOYHX PABHBIX YCIOBHSX Je(hopMaliH Kojieca CHIDKaTCs. B 3aktoue-

HHU IPUBOAATCS NPECTABIIAIONINE IPAKTHYECKUI HHTEPEC HAIPABIICHUS JATBHEHIIINX UCCIICIOBAHU.
KitroueBsie cioBa: paquaibHast qehopMariys IHHbI, KOJICCHAs! TEXHHKA, JIECHOH TIOYBOTPYHT, Ae(OPMUPYEMOE OCHOBAHHE

BonpocaM NOBBIICHUST  3PPEKTUBHOCTH
J1€C03aroOTOBUTEIILHOTO IIPOU3BOJICTBA
TPAAUIIMOHHO yAenseTcss Ooyibllioe BHUMaHUE
[1; 2]. IIpu sTOM 3((eKTUBHOCTH JIeCO3aroTo-
BHUTEJIbHBIX pa0OT BO MHOTOM OMPEEISETCS T0-
KazareasiMU Ipolecca TPEJNEeBKH, B YAaCTHOCTH
B3aMMOJCHCTBUS TBUKUTEICH JICCHBIX MAIIHH C
MOYBOrpyHTaMH Jiecocek [3; 4; 5]. Monenu, onu-
CBIBAIOIIIE 3TO B3aUMOJIEUCTBUE, TPAJAULIMOHHO
CTPOSITCSL C HWCIHOJb30BAaHUEM pEIICHUN Kiac-
ca 3aJa4 O BJABIMBAaHUU HITAMIIA B MOJYIPOC-
TpaHcTBO [6; 7]. B cimydae kojgecHOU TpeneBoy-
HOM TEXHUKH, IITAMII, 3aMEHSIOIINNA B MOJIEIISIX
JBUKUTENTh MAIIWHBI, SBISICTCS JIACTHYHBIM.
Bompoc yyera 3macTUYHOCTH HITaMIa-IBUKH-
TeJsl Hy>KJIaeTCsl B IalibHelel mpopaboTke.

B TexHuKe 3auacTyro UCHOJIB3YIOTCS OJl-
HOCJIO)KHBIE (DOPMYJIBI IJIs1 OLICHKU paJuajbHOM
nedopmaruu muHbl [8]. Hampumep, mu3zBecTHa
dbopmyna Xeigekens UIsl pacdeTa paauaibHON
nedopmaruu npu JIBWKEHUH 110 TPYHTY [ 8]

JIECHOM BECTHUK 6/2015

h, = Gy
7 - 2
nDp,
7€ p, — BHYTPEHHEE JABJIECHUE B LIUHE;
G — npuBeJICHHAs HATPY3Ka Ha KOJIECO;
D — nuametp Koineca.

®opmyna (1) He yuuThIBaeT CBOMCTBA 1O-
BEPXHOCTH JIBIKeHUs. Bmecte ¢ TeM, sicHO, 4TO
IIPH OJIMHAKOBBIX 3HaueHusaAx G , D u p nedop-
MAalMH KOJIECa /1 Ha MPOYHBIX M CIIA0BIX IPyHTax
OyayT OTJIIMYaThCS.

OOparumcst K TeOpUM JBUKEHUS Be3Jie-
XOJIHBIX TPaHCHOPTHBIX cpencTB. OcpeHEHHOE
3HA4YE€HUE JIaBJICHUS IO MATHY KOHTAKTa MPHUHS-
TO OTPENeNIATh MO NpUOIHKeHHOH popmyre [9]

p_Putp Ty (B 3H, .(l_h_z )
B

2 B \H B
rac pO — Cp€aHEeC MAaBJICHUC 11O ITATHY KOHTAKTa

Kojeca ¢ HenehopMHpyeMOW MOBEpX-
HOCTBIO;

B — mmpuHa komneca;

H_— BBICOTA TIOKPBILIKH.

(1)
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Bennunny naenenus p, pacCYMTaeM IO
TUIONIA/IN TISITHA KOHTAKTAa KoJieca ¢ HerepopMu-
PyEMOii TIOBEPXHOCTBIO F| M 3HAYEHUIO HArpy3-
KU Ha xoneco G

P G)
k

[Tnomanp maTHA KOHTaKTa MOXHO OIIe-
HUTH 110 hopmyiie [4]

F=K_,bl, (4)

rae K, — kodpduuuenT ydera (opMbl NATHA

koHTakTa (K ;= | 11 mATHA KOHTAKTa,

OJIM3KOT0 K MPSIMOYTOJIBHOMY );

b — ocpenHeHHOE 3HAUCHUE ITUPUHBI TISTHA
KOHTAaKTa;

[ — ocpegHEHHOE 3HaueHWE AJTUHBI MSATHA
KOHTAaKTa.

B pabote [9] mpemnoxeHa ciemyromas

dbopMyna J71s OnpeieieHus IUPUHBI b
=B+ O , (5)
1-h+H,-h,
rIe 7 — BepTHKaJbHAs jaedopmarus TpyHTa
(ocangka), COOTBETCTBYIOIIas TIIyOHHE
00pa3yrolencs KoJieH.

C yderom paauanbHON aedopManuu Ko-

neca hZ JUTSL JUTAHBI [ MOYKeM 3anucarh [4]

1=2[Dh, 2 ++D- (1, + h)- (b, — h) - (6)

Jlist pacuera F| ucnionbsyem (Gpopmysibt
(4)—(6), nomaras h=0wu h,=h,,

Fy =K byly = KHB\] Dhy, - h§0 > (7

e h,, —nepopmanus Kojaeca Npu KOHTaKTe C He-
nedopmMupyemMoit TOBEpXHOCTHIO.
Torna mocne momcTtaHoBKU B (Gopmyny
(2) 3aBucumocreii (3), (7) u Belpaxkasi 1aBjieHUE
P uepes Harpy3ky G W IIOIA/b MATHA KOHTaK-
Ta, MOJTY4YUM YpaBHEHHE

G, 1 G,

== pw + x
Kbl 2 K, B\|Dh,, — 1, (8)

The (B 3Hp | (k.
B \H, B B

3HayeHue i, 171 KOJIEC JIECHBIX MAIIIWH,
C YYETOM crieliu(PHKU UX KOHCTPYKIIHH, OTIPec-
JIAETCs 1O BEIMYMHAM Harpy3ku Ha koneco G
Y BHYTPEHHETO JIABJIEHUS B KAMEPE LIUHBI P 11O
sMIpudeckoit 3apucumoct [10]

h,, =0,0008+0,001- [0, 000365 + @] -G, 9)
P,
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[Tpoananmmu3upyem Beipakenue (8). Mox-
HO 3aKJIIOYUTH, YTO TIOCIIE MOJICTAHOBKHU B YPaB-
Henue (8) popmyn st pacuera b, I, h, — BbIpa-
)eHus (5), (6), (9) COOTBETCTBEHHO — YpaBHEHHE
(8) Oyzmet cBSI3BIBATH MEXKAY COOOM BETUUYHHEI /1,
h,D,H,B,p,G, K.

[Ipu sToM ypaBHeHue (8) He UMEeT aHa-
JIUTUYECKOTO PEIIEHHS] OTHOCUTEIBHO /1, B CBS-
3M C 3THM peaM3yeM €ro YHCICHHOE PEelIeHue,
pe3ynbTaThl KOTOPOro 00paboTaeM Mpu MOMOIIH
METO/Ia HAUMEHBIITNX KBaJIPaToB.

Hcxonnble naHHBIE U pacyeToB NpH-
MEM I10 TadiuIe.

3nauenue H  npunsaro paBueiM 0,758 B
COOTBETCTBUU C peKoMeHAanusIMu [9], K, =1

Brruncnenus npoBeieHbl B PUKIATHOM
nakete Maple (oOpa3oBarenbHas BEpCUs).

[To pe3ynsraram 00pabOTKH ITOTyIEHHBIX
3HAYEHMH /1, IPH TIOMOIIM METO/Ia HAMMEHBLINX
KBaJ[paToOB MOJIyY€Ha CIEAYIOIas 3aBUCUMOCTb
(R*=0,9775)

h.=X-h"
X — 0,0715 . G3,691BO,3OSp;}O,677D—O,394;
Y =—0,0891- G;O’zol370’057p3,’193D0’558- (9)

Ha puc. 1 npencrasien npumep rpadu-
YeCKOW MHTEepIIpeTanuu ypaBHeHus (9) mis Tpex
3HaUYEHUI NTyOMHBI KOJeU /i Tpu BapbUPOBAaHUU
Harpy3Kku Ha Kojeco, rpaduk Ha pHc. 2 TOKa3bl-
BAaCT 3aBUCHUMOCTh paJHaIbHON nedopmanuu
KoJIeca OT TITyOMHBI KoJieH (TIPH TPOYMX PaBHBIX
YCIIOBUSIX).

I'paduku Ha puc. 1, 2 MOKa3bIBAIOT, YTO
noxy4yeHHas ¢opmyna (9) KadecTBEHHO cCOrvia-
cyercs ¢ (usmueckoil kapTHHON nedopmanuu
Kosieca Ha JIe(hOpMUpPYEMOM TPYHTE: IIPH yBEIH-
YEHWU KECTKOCTH OCHOBAHHS (IIPU CHIKEHUH
ocanku h) nedopmaruu Koiieca BO3pACTaloT,

TaObnuua

HUcxonHble JaHHBIE K YUCJICHHOMY

pelieHuI0 ypaBHeHus (8)
Initial data for the numerical solution of the equation (8)

Ilepe- |MunumanbHoe| Makcumalb- Wurepsan
MEHHasi | 3HAuUCHHE HOE 3HaYEHHE | BApbHPOBAHUS
B, m 0,5 0,9 0,2
P, [1a 100000 700000 100000
D, m 1,2 1,8 0,1
G,, H 15000 75000 15000
h, m 0,01 0,75 0,01
JIECHO! BECTHHK 6/2015
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h,. M
0.025 —
0.02
0.015 :;./
0.01
20000 30000 40000 50000 60000 G.H
—@—h=0.1mMm -—#—h=02mM —4*—h=03m
Puc. 1. 3aBucumocTh pamuanbHOW nedopManuu Kojieca OT MPUBEICHHON Harpysku (D = 1,6 M,
B=0,7m,p =350000 ITa)
Fig. 1. The dependence of the radial deformation of the wheel on the reduced load (D = 1,6 m,

B=0.7m,p_=350000 Pa)

h,, M

0.03 X

0.025
oo M

0.015
0 0.1 0.2 0.3 0.4 hM

Puc. 2. 3aBUCHMOCTh pajuaabHON AeopMariu Kosieca oT aedopmanuu moyporpynra (D = 1,6 M,
B=0,7m,p =350000 Ila, G = 45000 H)
Fig. 2. The dependence of the radial deformation of the wheel from the deformation of soil-ground

wheel (D= 1,6 m, B=0.7 m, p,_ = 350000 Pa, G, = 45000 H)

HaNpOTHUB, C YBEJIMYEHUEM NOAATIUBOCTH OCHO-
BaHUs (IIPH YBEJIIMYCHUHU OCAIKHU /) TIPU MIPOUUX
PaBHBIX yCIOBHAX AedopManuu Koueca /1, CHu-
KArOTCA.

IIpencraBnsieTcss MNEpCIEKTUBHOW pas-
paboTka SKCHEPUMEHTAIbHOW METOIUKU ISt
IIPOBEPKH COCTABJIIEHHOW MOJEINHU, a TaKXXe HH-
Terpanus Mozieiu (9) B METOMKY OLIEHKH 3aTpar
MOIIIHOCTH MPHU Ka4Y€HUH KOJIECa, COCTABICHHYIO
Ha 0a3e pe3ynbTaroB padoThI [9].
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MODEL FOR ESTIMATING TYRE DEFLECTION OF FOREST MACHINES
WHEELS REGARDING FOREST SOIL SINKAGE
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The problem of accounting movers’ elasticity in models which describe the impact of forest machinery on soils (which is
the case when using the wheel logging machinery) needs to be further described. Monosyllabic formulas, which are often used, do not
allow analyzing relationship between wheel’s elasticity and the ground strains. Present article is devoted to working out models taking
into account elasticity of forest machine’s wheel, which is required for a refined mathematical model of wheeled vehicles and forest soil
interaction. As the basic formulas for calculations, relationships obtained in the framework of the theory of off-the-road locomotion,
as well as results obtained previously for the case of interaction of forest machines with a rigid ground are used. Calculations were
carried out in a wide range of input data (the inputs are: diameter of the wheel, tyre width, tyre’s inner pressure, related wheel load)
regarding soil strain (sinkage). The calculation results are approximated using the least squares method, whereby obtained multi-
parameter function describing relationship of the wheel diameter, tyre width, tyre’s inner pressure, wheel load, soil’s sinkage and radial
tyre deflection. The resulting multi-parameter model is nearly consistent with physics of elastic wheel rolling on strained ground: an
increase in the stiffness of the ground (with a decrease in sinkage) increases the calculated numeric of tyre’s deflection, while a decrease
in the stiffness of the ground (with an increase in sinkage) decreases the calculated numeric of tyre’s deflection.

Keywords: tyre deflection, wheeled machinery, forest soil, strained ground
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