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B.A. Epmuues, B.I1L Tuxomupos

Epmiuce Bragumup Anexccepudy ponunca B 1937 1., okondun 3 1959 r. [lepmokuii
CETBCROXOIMACTBEHABIN  MHCTHTYT, NOKTOP TEXHUIYECKHX Hayk, npodeccop kadeapel
TEXHHHECKOTO  CepBHCA  BpANCKOH  rocyaapcTREHHON  HMHKEHEPHO-TEXHONOMHYECKOH
AKANEMWH, 33CnyokeHHbIfl padoTHUK Bbiclielt wkonn P Hueer Gonee 130 nevatnbix
pﬂﬁDT B pOnacty I']]}OCKTH]}OB&HH?I CENBCKOXOIRACTREHHBIX B AECHBIX MALIHH, WX
IKONOTHYECKOH OLLEHKH H paGOTOCHOCE)ﬁHDCTH.

Tuxomupos [lerp Buktoposwy poawica s 1978 1., oxomymn a 2000 r. Bpasckyk
FOCYJApCTREHHYIKDY  HHKECHEPHO-TEXRHONOTHYECKYID  AKANCMHK), KAHAWIAT TEXHHYCCKHX
Hayk, cT. MPencAaBaTCAR Kafeapel MEXAHMIAUHN NeCHON NPOMBILACHHOCTH H NECHOrO
xomdcTea BIHTA. Mwveer 10 nevathwx Tpyaos B ofnacTH  MOLENKPOBANHA
TPHOOIOrMECKIIN BPOLECCNB B 3YOHATEIX KONECX.

PACHET NEPEJAY INHWIAHAPHYECKHX 3YBYATBIX
KOJIEC JECOXO3AUCTBEHHBIX MAIIIHH

Y CTaHOBNEHO, YTO HAMHUAE CMa30dHOMo MaTEPHNANA YBEITHYHBALT HKECTKOCTE 3y6!,e3 3)/6-
YATLIX KQJCC, HPHBEJ‘leHﬂ METOAHKA OUPLACNeHKHA q)aKTH‘IeCKOﬁ mmowaik KoHTakTa, 4To
MO3BONACT BBISBHTD TpHﬁO.l']OFH‘IECI(He XAPAKTCPHCTHKH NMEPENAY 3aUCIUTCHHEM,

Kriovesnie c108a; NNOWALL KOHTAKTa, WePOX0BaATOCTh, CMazoUHbIil MarepHUan, 3)'6‘-]&Tble
Komeca.

PaboTocnocobHOe COCTORHHE JIECOXO3AMCTBEHHBIX MALIHE B OCHOBHOM
OMpefienAeTCs HAAGKHOCThIO konec 3yOuaTeiX mepeaad. B xome aHanmsza ycra-
HOB/EHO, YTO OCHOBHASA NMPHYHHA 0TKa3a 3y0uaThiX KOJEC — YCTANOCTHOE paspy-
IEHKE, BbI3BAHROE H3IHOCOM 3y0pes. Tak, ouennsaemblii 30 %-i pecype pabotsi
syOuateix nepenay wia Tpakropa TAT-55A cocrasni no morocuerunky 2200 «,
ans Th-1 - 1600 v {1].



[TosbiIeHe AONrOBEHHOCTH Mepegay 3yOYaTLIMM KOJECAMH ¢ YYETOM
0coBEHHOCTeI JKCIUTYaTalMH NeCOXO3AHCTBEHHBIX MAalIUH, YCTAHOBJIEHHE U Teo-
peTHuecKoe 0OOCHOBaHHe pecypca 3y0HaThiX KONeC Mo JKOHOMHYECKHM NoKasa-
TelAM ABAAIOTCS AKTYANLHBIMHM 3a/134aMH, HMCKOIUWMHK BaXKHOS 3HAUYeHHe Ans
npakTHky. Pemienne nonoGHEIX 3a1ay TPeOYeT HOBRIX MOAXOAOR K OlieHke pabo-
TocnocoOHOro cocTofHUA 3y6uaThix Konec. CyLIECTRYIOIMHI MeToA pacueTa Ha
npovHocTs {(TOCT 21354-87) He yuuThiBaeT B ABHOM BHAE peanbHOe COCTOSHNE
KOHTaKTa (HalHY4e CMaz0MHOro MaTepHara B 30HE KacaHHs W lIEpPOXOBATOCTh
pabounx nosepxHocteil 3y0beR).

[lene naHHOro WccnemoBaHHA — paspaboTka METOMUKH KONHYECTBEHHOM
OLEHKH MapaMeTpoB COCTOAHHA KOHTAKTA, 4TO GyAeT cnocobCTBOBATH YTOYHE-
HHIO pacueToB 3yGyaThix mepeaad Ha NPOYHOCTh M H3HOCOCTORKOCTS.

PaccMoTpuM nuHeliHBIf HarpyKeHHBI KOHTAKT BBITYKNBIX AcTancil ¢
LIEPOXOBATLIMH TIOBEPXHOCTAMH NIPH HATHYKH Macna H Ges Hero. Ilonaraem, 4ro

OJIHZ YaCTh HOMHHAIBHOH MI0MWAZH KOHTAKTA (4, = Zb; by, roe 2b; — WHWPHHa

MACIMAAKH KOHTAKTA C YYETOM IUEepOXOBATOCTH; by — MMpHHAa 3y6a Koneca) 3aHS-
Ta MCTAMINMUCCKHM KOHTAKTOM (Iril'lld OOKpBHITA CNOEM NCOPGHPOB?AHHBIX MONICKYN
MaCJ’[ﬂ), Apyrad — NOpaMH, 3arOJHEHHBIMH MaClIoM, H KAHAaMM, N0 KOTOPLIM
NPOHEXOAHT yTeHkKa CMA30HHOIO MaTCcpHana.

Jas Toro, yTofbl OUSHUTL BENHYHHY 3THX NJIOIMAACH, NMPUMEM ClIeayio-
HIWE IPEANONOKEHUA, NO3BONAUIHE PpACCMOTPETH HecMas3aHHeIiH W CMa3aHHBI
KOHTAKTEl.

Hecmazanupiit koutakr. [o dopmyne I. Tepua nosyiwmpudy niotnan-
KW KacaHHf JIBYX BBIMYKIBIX Ten (UWIHHAPOR)} ONPERENAIOT BEIPAKEHUEM
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b, =0,798 12w,
TIEe W, — yaenbHad Harpyska, H/mm;
R|,  — paguychl cOnNpsraeMbIx LHMHAPOB, MM;

Oa=(1 —vi2)/E |3

vy — koadduuments Ilyaccona;

E) 2 — moaynu ynpyrocTi MaTepuanos fiecTept 1 Koseca.

[puBesiennan 3aBHCHMOCTL CIIpaBeARMRA AAs raakux (6e3 wepoxopato-

CTH) HEeCMAZAHHBIX TMOBEPXHOCTEN conpmkeHHbx neraneil. Hannuue wepoxopa-
TOrO €104 Aa¢T OCHOBAHUE CYMTATD, UTC €0 (HU3HKO-MEeXAHHYECKHE XapaKTepH-
CTHKU OTAWMAOTCH OT CBOWCTE OCHOBHOTO Marepuna konec. CTpyKkTypa 3Toro
CNOA XapaKTepU3yeTcd MHOKeCTBOM MMKPONeOMETPHUYECKMX BBICOTHBIX K LIAro-
BbIX nMapaMeTpoB. OAHHM M3 KOMIUIEKCHBIX NAapaMeTPoOB, OTPAXKAKILHUX 0cobeH-
HOCTH CTPYKTYPb! LIEPOXOBATOrO CAOA, ABNACTCA (PpakTaibHas pasMEpHOCTD
D (1 < D < 2). Uem Gosbuze BennnumuHa D, Tem cinoxHee npoduns (A1 NpsMoi
nurnH D = 1). U3BecTHO, ¥TO CylliecTBYET CBAZL MEXIY THAPAMETPaMH IEpOXo-
BATOCTH M (H3MKO-MEXAHHUSCKHMY CBOWCTRAMH ILEPOXOBATOro cnod. Baexem
nodsTHe d(dexTHRHOre Momyns ynmpyroctH K., ceasanHoro ¢ dpaktajibHol
PasMEePHOCTBIO CNEAYIOIUM COOTHOWEHHEM:
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3neck £ —~ MOAYAD YIPYrocTH OCHOBHOIO MaTEpUasa;
€ — OTHOCHTENLAOE cOmKeHHe nopepxHocTed, < € <1
§ — xo2durnent, BXoAAIUA B noKaszaTene CTENCHH, B NEPBOM
npubnwkennun £ = 1.
Beenenre addexTuBHOrO MOMyns E.y NMO3ZBONSET HAWTH NONYUIHPUHY
[UTOLIAAKH KOHTAKTa C YYETOM LUSPOXOBATOCTH 110 dopMysTe
2 2
b = 0,798 Ian RR,[2A-vi) 2i-vi)]
V R+ Ry | Ey, Egr ]
Hns CTanbHBIX KOJiEC, TOBEPXHOCTH KOTOPLIX MMEKT OHHAKOBYHO LIepo-
X0BaTOCTh, BEIpKeHne (1) 3anuwreM B BHAE

()

by =4,644-107 |, v,
R, +R,

3aBMCMMOCTb OTHOLUEHHS MOAYIIMPUHB TIOLATKH KOHTaKTa no 'eply K
NIONYLIHPHHE ¢ YYETOM LUCPOXOBATOCTH OT YAENBHOH HATPYIKM W NPUBEHEHA HA
puc, 1. 3mecs npunato: £ = 2,15 10" Himm®, D = 1,5, w, = 100 H/mm; R, Ry /
(R + R;) = 50 mm. [pn yBenHueHHH yReAbHON HAFPY3KH {COMOKEHHE LHTUHT-
POB B OCHOBHOM 33 CueT AeQOpMaLHH 1MEpOXOBATOrO cnos) >PpeKTHBHbIE MO~
AYAb PacTeT, NPUOIKAACE K MOAYAID YIPYTOCTH OCHOBHOTO METanAa.

Pacuetnas ouenka  nomywupuHbl  B(w) |
NACWAAKH KOHTAKTa C Y4eTOM ILEPOXO- \\
BaTOCTH  3ABHCHT  OT  OTHOCHTEJLHOrO \h\
cOMMKEHUA, IHAYEHHE KOTOPOTG B HEIBHOM 3 :
Biae BXOAHT B ypaskenue (1). [lpumem N
cneayouee nonyuenne. Lllepoxoratelii cnoit i
NPeaCTagHM B BMIAE YOPYroro MOKpBITHS
OAHHAKOBOM TOMWMHEL (puc. 2), paBHOi lIO 100w H/mmt
A = Ruwa*Rpa. 34eCh TOMIMHA cAOR A
paBHa CyMME HauOONBUINX BBICOT HEPOBHO- Puc. 1. 3aBucHMOCTL OTHOWIEHNA
cTeH MepBOTrO W BTOPOro Ten, 3toT ¢ioif 0b- B{w) nonymHpHHK NNOMAAKH KOH-
nafaer NepeMeHHCH MECTKOCTBID, 3aBHCAILESH TakTd o lepiyy K monyurwpuse ¢
OT OTHOCHTEABHOro cOmkennd, Takol noa- YHETOM UIEPOXOBATOCTH OT YACHE-
X0l MO3BOMIAET HANTH OTHOCHTEsbHOE cOfin- HOW HArpY3KH w
WeHHe:
o Omx (2)
Rmaxl + Rmax?

B coOTBeTCTBHH © pHC. 2 ANA YNIPYTroTo KOHTAKTA HailieM

b; ='\j6maanp ’ (3)
rae Ry, = RiRyY(R;y + Ry).

[TpupapHas Boipakerus (1} 1 (3), 3amuutem



Puc. 2. CxeMa KOHTAKTa UMAHHAPA ¢

TIONYTPOCTPAHCTBOM  NPM  HANMYWH

UWEPOXOBATOrO CAOA B BHAC YIPYTOTO e
MOKPBITHA

0,798 |2 ks 2(I_"‘2)+ 20t-vi) =JR 5. .

R+R, E, E 4

Pewinm nony4eHHoe ypaBHEHHE ¢ y4E€TOM BbIpaXeHHA (2) OTHOCHTENBHO
g, NpUHAB V| =V, = v WE| =F, = F.
Torga
-0

2 s
W, (l -V )

E(Rmaxl * Rmaxz )

[Tonyuexnas dopMyna MOBONAET HAHTH MapaMeTPhl KOHTAKTHPORAHWA
TBEPABIX TeN C WEPOXOBATEIMM NOBEPXHOCTIMH.

KonTakT 3y0beB HPH RAIRYHH CMAZOMHOro marepHana. Onpeneinm
MACLIAAb, 3AHATYIO 3aNOAHSHHBIME MACIOM NOPaMU,

Ipupeaem mekoTopsie BoIBOAB, cAcnaHHbie B paboTte [1] Ha ocHoBauHH
AHANN2A IKCTICPUMEHTATILHEIX JaHHBIX:

1. YIpH nocToAHHOM KOHTAKTHOM HABACHWH C YBENWHEHHEM HOMMKHAMDb-
HO# NNOWIAAN KOHTAKTa HAOMOAaeTes POCT KOHTAKTHON KECTKOCTH KaK B CThIKE
Oea macsia, TaK ¥ MpH RAMYNHA CMA30YHOTO MaTepuaia. JTO MOXHO OOBACHHUTE
TEM, YTO TEMN POCTA HArpy3KH APEBBILACT YBEMHYSHNE NeOPMALTHH.

2. Ing cmMa3aHHOTO CTLIKA COOTHOLIEHWE MEXIY KOHTAKTHOH »KeCTko-
CTBIO M HOMWHRIBHOH IUVIOWAABI0 KacaHWs HmeeT BHR j=cd, (rae ¢ —

k02PGULMEHT NPONCPUKOHARBHOCTY, 33BUCALIMA OT BAKOCTH CMA304HOTO Ma-
Tepuana u MMerowni pasmepHocts HAMKM-MMT); 4, — HOMHHaIEH22 MNontans
koHTakta). Koadduuuent ¢ npeacrariseT coboil yaensHY0 KOHTAKTHYIO XKeCT-
KOCTb /,, BEJIHYHHA KOTOPOH C YBENHUYEHUEM JlaBNeHns Bo3pacTaer [2, 3],
Pe3ynpTaThi JKCNEPHMEHTOB ABH/INCh OCHOBZHHEM JUIS paspaboTku mo-
AeNY KOHTAKTHORO B3aWMOACHCTBHS TBEPABIX Tell, HMEIOLIMX BIEPOXOBATHIC NO-
BEPXHOCTH, ¢ y4eTOM CMa3OUHOr0 Marepuana B 30He KOHTakTa. PaccMoTpm
CTPYKTYPHBIE 0COOCHHOCTH 30HEI KACAHHS CONPAXKEHHBIX HOoRepxHocTedl. Kapru-
Ha pacnpeneneHns Top, NATEH KACAHHA W KaHAIOB, NIOAYYEHHAS COBMEIEHHEM
IEPOXOBAThIX MOBEPXHOCTEH, MeHAETCA npH yeeaudeHwd cONibKeHUA, W Tno-
Wafkb, 32HATAN METANIHYECKHMH KONTAKTaMH, pacTtet. [Iph ckaTum cThika onHa
YaCTh MACAa BEDKHMAETCS W3 30HBI KOHTAKTa [0 KAMWINAPaM, MPOHU3BIBAIOILIM
3ITY 30HY, Apyras OCTAeTCd B CThIKE, 3aNOAHAR 3aMKHyThIe nopsi. [Tonaraem mac-
J10, 3aTOJIHAOLIEE 3aMKHYTBIE fTOPHI, HECXKHMAEMOH XKHUAKOCThIO. B 3TOM ci1yuae
3aMOJIHEHHYH) MAcROM TTOpY B HATPYAEHHOM CTbIKe MOMKHO PaccCMaTpHBaTe Kak

£=!4,636




TENO, HAX0AALLEECH B MJACTHYSCKOM COCTOAHNN, W CYNTATh, YTO JABJIEHUE Macna
PABHO TIpEACAY TEKYYECTH Oy.

Toraa wacTe Harpy3xku, PUXOAALLAACT HA MOPL, ONPEACNAETSS BLIpaXe-

HHEM
FM = Anc‘r‘
rae A, — nnouaak NONepevHOre ceHeHHA NOPLI, MM.

Ha puc. 3 npupeaens 3aBUcHMOCTH cBamkeHUA & OT Harpyskd F ans uy-
rYHHBIX aetaned §e3 HAIMYMA B 30He KOHTAKTA CMA304HOI0 MaTepuana (kpusas
[) v npu Hannyuu macna (kpyueas 2).

HoMUHANBHAR MUIOMAAb KOHTAKTA COCTARMANA O, MKM

A, = 17600 MM IpuseneHHbie KPHBHIE CRHCHIBAKOTCS 3,07

CTEMEHHOMN 3aBUCHMOCTBIO 8 = cF" (Tae ¢ — koadipuum- 2.3

eHT: # — nokazatens ¢rTenend, # < 1). Obpamaer wva 201

cebs BHHMaH#We TOT $aKT, YTO 3aBHCHMOCTE Pa3HOCTH L5

cOruwkeHuH B CTeIKe 083 Macna W MPH HANTMYWKM Macha L0

OT Harpy3Kd HOCHT JHHEHHBIH XapaxTtep. J7to 0,5

onpeaeneHHbIM  00pa3OM  MOATBEPXKAAET  paHee 0 5m

CHENAHHOE  NPEAMOAOKEHHE O  MIACTHYECKOM
COCTOSIHHH 30H, OFPAHHYEHHBIX 3AMKHYTHIMH M 3apoi- Puc. 3.  3asucHmoctb
HEHHBIMH Mac/IOM TIOPaMH. COAMKEHHS OT HArPYIKM:
Kak NOKasb{BAIOT IKCMIEPUMEHTANIbHEIE NaHHble, [ — 0€3 CMa30MHOTO Ma-
pa3Mepsl ¥ KOIMUECTBO NOp OKAa3bIBAIOT CylllecTBeHKoe TSPHANa, 2 — mpy Hanu-
BAHARME Ha NapaMeTpLl KOHTaKTa. Onpeaeam cpeauuit M1 Macna, 3 - [‘;‘”’DCT”
paimMep Nop H HX YHCIO, OT KOTOPbIX 3aBHCHT KOHTAKT- negopmaus
HA8 KeCTKOCTh, FEPMETHYHOCT CTRIKA H PEXKHM CMaikH. Beenem oSo3Hauenue:
X = An/Amaxs TAE Amax — MAKCHMATBLHOE 3HAYEHHE TUIOWAAM TIOPH B PACCMATPH-
BaeMoM CThike. Floniaraem, uTo pacnpedenenne OTHOCHTENEHOH BEHUMHE! THTO-
WaAN 0P NOAYMHSETCR CHENYIOWEMY CTEMECHHOMY 3aKOHY:

Flx)=x"*, xelo]l].

T1ioTHOCTE pacnpeeneHus NOp ONPeaesaeM U3 BhIPKeHUR

. dF{x) D Za

f)=4_ D5
dx 2

Marema’rmecxoe OAHINaHHE BETHYHHLI X,

{x)= i xf{x ¥ = I)% .

Torna (An> = DD + 2)Ana. llpn D = 1,5 epemHee 3HaveHHe nnoniaau
nop (Au> = 0,42840x

Metoz onpeaeneHys Yucna fOp, 3aAHOMHEHHBIX MaclOM, S HarpyKeH-
HOPQ CTBIKA COCTOMT B ciiedytoweM. [IpH pasHbiX YpOBHAX HArPY3KH ONpeflenaioT
KOHTaxTHBIE AedopMaLyM B CThIKE €3 CMA304HOro MaTepHana d, W MpH HATUYUH
Macna 0., 3aTeM HaXOAAT Pa3sHOCTB O, = &, = Oy H OMPEAeNdIOT 3aBUCHMOCTD



9TO#l patHOCTH OT YCHIIHA CHKATHA CThiKa Fp(8y). Kak noxaspiBaloT pe3y/biaTh
IKCTIEPHMEHTA, 3Ta JABHCHMOCTD HOCHT NMHETHEIN XapakTep:

F,=F, +¢,8, =F, +¢,0,4,, 4
rae ¢, — yriaoBoi Ko>PpPHHHENT; ¢; = ¢) /A, Fy — NoporoBoe 3HaueHUe YCHIIMA,
COOTBETCTBYIOIEE MOMEHTY BOIHHKHOBEHHUS 3aMKHYTBIX HOP.

Tlpu aTom
F.=A4p¢0,.
M3 Beipakenus (4) haiizeM mnowanp, 3aHUMAEMYH0 3aMKHYTBIMH TOpaMH:
: A, =(Fy +¢,8,4,)/a, .
Toraa uueno nop Ha paccMarpisaemoll HOMHHANBHOMH NNOWAAN KOHTAKTa

N=4,[(4).

O6paboTka IKCMEPHUMEHTANLHBIX AAHHBIX NpH (PHKCHPOBAHHOM 3HAYE-
HHH HOMMHANBHOH DAOLAAH CTHIKA NO3BONWIA HaliTH alPOKCHMHPYIOLIHE
(hYHKHMM, 3A€KBATHO OITMCHIBAIOUIAE 3ABUCHMOCTU cOMIKeHus (puc. 3) OT Ha-
rpyskn Oe3 cmasounoro Marepuata (kpusas /), cO CMa3OMHBIM MaTepHaloM B
cThike {KpuBas 2) v pasHocTy Aedopmaunii (kpueas 3):
&, =19014 +2,45991g F ;

5, =0,9287 +181361g F.

JlunefineA yvacTOK HUKHEH TuHMK (2}, COOTBETCTRYIOWHI AMANAIOHY
yeunuit ot 5 go 15 kH, MoxHo onmucarts ypaBHeHUEM

8, =1,297 +0,03034F,

Hnxree 3HaveHne paccMaTpHBaeMOro AHanNasoHa YCHUAHH COOTBETCTRYET
Ha4any BOSHHKHOBEHHS 3aKPbIThIX NOP.

JainM KONHHECTBEHHYIO OLEHKY TUIOIIAAN, 3aHHMAeMOH NOpaMH B CMa-
sanHoM KoHTakTe. [Tycrs Fy = 5 kH. Ipu yeunnu F, = 10 kH, ucnene3ys spiige-
npuBeeHHble GOpMyNbL, HaliieM xoddduiment ¢y = 3,125 kH/mMxm. Torna onpe-
ACMM FUI0UIAZEb TIOp B CThike ApH F, = 10 kH u o, = 100 H/mm®:

4 _5¥3125 (1,297 +0,0303410) _ 100 wnd’.

" 100-107°

OtnocuTenbHas nnomans nop A,/4, = 100/17600 = 0,0057.

Taxum 00pasoM, ycTaHoBAeHa ¢uspHeckas NpUpoRa YBETHYEHHA KOH-
TAKTHOMN JKeCTKOCTH A1 CMa3aHHOTO KOHTAKT2. [IpiBefeHHas METOINKA onpene-
nenns dakTHYeckoi NMIOLIATN KACAHUA, 3aHATOH MacyIoM, TIO3BOJIAET PACCHHUTATE
KO3PHUUHEHT TPEHHA, M3HOCOCTOMKOCTh H OUSHMTE pecypc pabotbl 3ybuarbix
KoJec.
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BpssHckas rocyaaperBentan
MHKEHEPHO-TEXHOAOTHYEC KA AKAAEMHA

V.A. Ermichev, P.V. Tikhomirov
Calculation of Spur Gears Transmissions for Forestry Machines

It is established that oil lubricant presence enhances stiffness and rigidity of gear wheel
teeth. The technique for determining the actual contact area is provided allowing to reveal
tribological characteristics of transmission by toothing.



