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AHAJIN3 HAIPSIKEHHO-JIE®@OPMUPOBAHHOI'O COCTOSIHUSI
T'HBKOI'O KOJIECA BOJTHOBOM 3YBYATOM EPEJIAUN

B cmammi nasedena memoouka i niOCyMKu AHANI3Y HANPYICEHO-0ePOPMOBAHO20 CIAHY SHYUKO-
20 KoJleca xeunvogoi nepeoaui. [ GU3HAUEHH HANPYIICEHb BUKOPUCTNOBYEMbCS MEXHIYHA MOMEHMHA
meopis yuninopuuHux 0601010k, Le 0036014€ 6U3HAUUMU HANPYICEHHS 32UHY 8 Nepepi3ax, AKi Micmsams
ma nepnenouryiapHi oci 060a0HKU. TTiIOCYMKU PO3DAXYHKIE NOPIBHIOIOMbCS 3 RIOCYMKAMU MEH308UMi-
DIOBAHHS.

B cmamve npusedena memoouka u pe3yibmamol aHANU3A HANPSIICEHHO -0eDOPMUPOBAHHO20 CO-
CMosaHUs 2UDK020 Koleca 80IHOBOU nepedayu. /[na onpeodeneHus HanpaXCeHUll NPUMeHsemcs mexHuye-
CKAsi MOMEHMHAsL MeopUst YUNUHOPUHECKUX 060104eK. MO NO360J5em Onpedesisimy HANPSANCEHUsL U32U-
ba 6 ceyenus coOOePHCAUUX U NePNEHOUKYAPHBIX OCU 0DOIOUKU.

V.N. TKACHENKO

THE ANALYSIS OF THE IS INTENSE-DEFORMED CONDITION OF THE FLEXIBLE WHEEL
OF THE WAVE TOOTH GEARING

The article presents the results investigation supple wheels harmonic drive. To determine the ten-
sion the technical general theory of cylindrical shells is used. This allows us to determine the bending
tension in sections containing and perpendicular compared with the results of experiment.

N3rubnas mpo4HOCTh U BEIHOCIUBOCTH ruOKoro koneca (I'K) BomHOBOM 3y6ua-
Toit mepemaun (B3Il) B 3HaUMTENBHON CTEMEHHM ompenenseT paboTocrocoOHOCTH
Bcel mepenaun. ['K — nunuaapuyeckas 000104Ka, KOTOpasi COSTUHSETCS € BBIXO-
HBIM BaJIOM 4€pE3 FH6KyIO KPYTIJIYIO INIACTUHY, WJIH NUIMIEBBIM COCIUHCHUEM.

Onpezienenue HanpsbKeHU ¢, BO BIAJUHAX Mexny 3yObsamu Benna I'K B3I1
MO3BOJISIET IPOBECTH €ro MPOBEPKY Ha M3rMOHYIO BHIHOCIHBOCT, C LEIBIO MIPEAOT-
BpalleHus MOJOMOK BO BHaauHax. ['eHeparop BOJH negopManuy Ha BEpIIMHE
BOJIHBI, TaM, TJie TMOKOE M KECTKOE KoJieca IOJHOCThIO BXOJSAT B 3allelJICHHUE,
NPYKUMAET 3y0uaThlii BEHEIl K KECTKOMY KOJIeCy TaK, 4TO B MECTE Iepexoia OT
3yOuatoro Benua k 'K pesko yBenmmumBaeTcsi MEPHIMOHAIBHBIH HM3rHOarOnIMH
MOMEHT M, ¥ COOTBETCTBEHHO HANpsiKeHUsA O . [loaTOMy NpoOBEpOUHBIH pacyer

Ha M3rMOHYIO BBIHOCIMBOCTH 110 HAlPSUKEHUAM O, CJIEAyIT JONOJHUTH aHaNo-
TUYHBIM 110 HAPSDKEHHSIM O .
OmnpeneneHne HANPSDKCHUH B MUIMHAPUIECKON 000JI0UKe CBOIUTCA K pere-

HHIO CHCTEMBI TpeX Au(depeHITHanbHbIX YPAaBHEHUH B YACTHBIX TPOM3BOIHBIX [1]
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LU+L,V+LW=F,
LU+L,V+LW=F,
LU+L,V+LW=F,.
3nece U,V u W - mepemeleHus TOYEK CPEIMHHON MOBEPXHOCTH 000JIOUKU

B OCEBOM, OKPY>)KHOM DaJMaJbHOM HaIlpaBJleHHAX; F, - BHEIIHHE CHIIOBBIE BO3-

JIeUCTBUSA
he =ta :HTyaZ;a;
o= Lo =
L, :1_7#86—;2+a{2 1-u aa—;+aa—;};

a 5 63 3
L,=L,=——+a"| 2- +—
w=be="5, { * oe%00 503}

L, =1+a’*A’A?,

, & &
=4t —
287 067

2 2 2
6@ u - yrioBas ¥ OTHOCHTENbHAs OceBasi koopauHatel ; a° = H /12R*. T'ne

- onepatop Jlamnnaca.

H,R u L - tommuua, paauyc cpeMHHON MOBEPXHOCTH U JJIMHA 000youkH; E u
M - MOZYJb yIpyroctu u koaddunueHt [TyaccoHa.

Pasencrtsa Lij = Lji , 1,]=1,2,3 cnexyior u3 TeopeMbl B3aUMHOCTH berTH,
nmpudeM anredpandeckue JOTOJTHEHUS Dij TaKOTO OIpeAeTUTENs 00Iaal0T CBOM-
CTBOM CHMMETpPHH, TO €CTh Dij = Dji . [Ipu BBIYKCIIEHUN aNreOpamdecKuX JAOMOJI-
HeHuit wienamu nopsiaka H /R 1o cpaBHeHuro ¢ equnuIeil npenedperaem.

B sToM ciydyae momydum:

1-p & pl-p &
s =~ 2T 5
2 0&6 2 o&
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D - 1-u 2+u & 1—y8_3_
% 2 0E%0 2 06°'
1-u o ot 1-u o
33=—‘u ++ 1-u T_’__,u T
2 ot 0&°06 2 060
B cBs3u ¢ tem, uro obomouka ('K B3II) nepopmupyercst cuinamu, pacroiio-

JKEHHBIMH Ha ee Topuax, rie £ =0 u £=L/R, To MOKHO CBeCTH 3aja4y K pelie-
HHIO OJTHOPOJIHOM CHCTEMBI IIPH 33JaHHBIX NEPEMEIICHUAX Ha TOpLax — HEOJHO-
POAHBIX TPAaHUYHBIX YCJIOBUSX. Tak Kak IMepeMeleHus], BHYTPEHHHE YCUIHS U U3~
rudaroue MOMEHTBI SBIISIOTCS NEPUOANYECKUMU (YHKIHMIAMU yria 6, To peuie-
HHE CHCTEMbl HINYT METOJOM pa3[eieHHs MEPEeMEHHBIX C HAJO)KCHHUEM YCIOBHH
MEePHOANYHOCTH 110 yrity 6.

WHTerpupoBaHue U 3aJaHie FPAHUYHBIX YCIOBHIl BBIIONHACTCS B OTHCIBHO-
CTH JUTS KaXKI0W TapMOHMKH € TOCICAYIONIeH Cyepo3Huueii mo m, Tak, 4To JIto-
60e U3 Tpex nepeMelleHuii, Hanpumep,

W =i[wmc & cosmd+W,,, & sinmd |
m=1

ITocne onpenenenus nepememienuit U,V u W ycuinus 1 MOMEHTBI HAXOJISTCS

IO CJIEAYIOIHUM 3aBUCUMOCTIAM

o EH [ )]
R1-4° [ 0& o6

2
N
R1-u* 0 00

EH [1(oUu au) ,a(aw ]
S=—— | Z| —+— |+a’=—| —+V ||;
Ri+u |2l2c 060) % 22\ 00
__EH.@ azw+ azw+ Ko
TR -2 o Moo Mo

E-H-.a? (oW W oV
“RE1_2 \ogf HoF Tae )
—H ¢

0 =

3necs T,N u S - cuiibl B 0ceBOM, pasiMagbHOM U OKPYKHOM HarpaBJIeHUsIX,
M, u M, - usrubaroure MOMEHTBI B CEYEHHSX MIOCKOCTAMH, COAEPKAIIMMU U

MEePIEHANKYISIPHBIMA OCH 000JI0YKH COOTBETCTBEHHO.
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PaccMoTpuM rpaHW4HBIE YCIOBHS Ul JIBYX Hauboyiee pacnpocTpaHeHHBIX
cnocoboB mpucoeauneHus 'K k Banmy — NUIMIEBOE U C TIOMOIIbIO THOKOW qua-
¢dparmer. O0a criocoba KperuieHus: 00eCIeYHBAOT BO3MOKHOCTh OCEBBIX TEepeMe-
wennii I'K. Ipu nutnieBom coepuuenun npu £ =L/ R

L u R - mmHa 1 pagnyc cpeguHHOI TOBEPXHOCTH 000IOYKH;

W =W @ -3anaercs reomerpueii reaeparopa BojiH nedopmarmu ['K;

M,=0; T=0; V= JW 60 d@ - ycnosue HepactTsukerust 'K B 0kpyKHOM

HarpaBJIeHHUH.
Ipu §=0 W=V =T=M,=0.
[Tpu coepnHeHun Koeca ¢ BaJoM TMOKoOi nuadparmMoil H3MEHsFOTCsl TpaHu -
Hple ycnoBus Toiapko mpu =0 W=V =T=M,=0. Ocesble c™mewmenuns
U=U M,,T uyron nosopora obpasytomeii y=y M, T MOKHO onpenenuts

METOJIOM TIOCJIeIOBATENbHBIX NPHOIMKEHUH pPEIIeHHeM ypaBHEHHUs u3ruba nua-
(bparMel — THOKOM KPYTJIOH INTACTHHKH, )KECTKO 3aKPEIUICHHON K BBIXOIHOMY Bally
u neopmupoBanHoi B mecte coenunennus ee ¢ 'K momentom M, u ocesoii cu-

noit T, ¢ KOTOPBIMH 000JI0YKA U TIIACTHHA B3AUMOJICHCTBYIOT JAPYT C IPYTOM.
Bravanre gna 'K mpum &=0 W=V=T=M,=0 3ajaeM
W=V =y=U =0, 4To COOTBETCTBYET CiIyd4ar0 >XEeCTKOH 3ajenku Topua. Ha

IMPAaKTHUKC TaKo# crocod 3aKpCIUICHU HE IMPUMCEHACTCS, TaK KaK 3HAYUTCIBHO yBC-

JMYUBACT HAIPY3KH HA TCHEPATOP BOJIH U HATPSDKEHUS! O . BRIUHCICHHBIC yCHITHA
T n M, s sToro ciy4as 3aJai0TCsi B Ka4eCTBE TPAHMYHBIX YCIOBHil 3a1a4u

n3ruba IIACTHUHBI, YTO IIO3BOJIACT HaWTH YToJI MoBOpoTa 06pa3y10u_[ef/'1 Yy H O0CEBOC

cmemienre U B MecTe coeJMHEHMs MIACTHHBEI U 00010uku. OHU B CBOIO Ouepesib
00pa3yloT rpaHUYHbIE YCIOBHS 3a/1a4d M3ruba 000J0YKH B MOCIEyIOIel nrepa-

uu [2] .

OO0paboTKa pe3yNnbTaToOB pacyeToB MO3BOJSAET CHENATh CIEAYIOIUMA BBIBOA:
HanpspkeHust ¢ 6 , moMHHHpYomue B obnactu 3ybuaroro BeHua, I'K 3aBucar, B
OCHOBHOM, OT 3akoHa nedopmanuu W 6 1pu 3amanHoi Tommmuae H .

3akoH pacrpeeneHus HanpspkeHnid o £ npuBeieH Ha puc. 1a .

B ob6nactu 3y6uaToro BeHIla TeHEpaTop Ha BOJHE AehopManyy MPHKAMAeT

I'K x KECTKOMY, TaK 4YTO 3AE€Ch Yrojl ) IOBOpOTa 06pa3y101116171 3HAYUTCIIBHO
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yMmeHbmaercst. st camoro HeGuaronpusitHoro ciydast y =0 . IIpu stom nHaOmio-
Haetcs Bospactanue o, (puc. 16), KOTOpoe clieyeT yuuThIBaTh [IPH IPOBEPKE Ha

BBIHOCJIUBOCTD.

G;Mm
200

(50 / ’

" |

2 /

o =T
| ae \{

0.2 Q4 fy

50

Pucynok 1 — Pacnipenesnenne HanpsokeHuii o, 1o obpasyrouieii 0601049ku

Pe3ynbraThl pacuyeTOB CPaBHUBAIKNCH C pPe3yJbTaTaMH TEH30METPUPOBAHUS
I'K npu cratmueckoM HarpyxeHuu nepenadu. OTHOCHTENbHAs MOTPEUIHOCTh HE
npesbimana 7%.

Panguanbubie nepemernennst W 6 MakcumaibHBI B 00JaCTH 3y04aToro BeH-
1a ¥ YMEHBIIAOTCS TT0 Mepe yaajeHus oT caedopmupoBannoro kpas I'K, npuuem
B CedeHHH TiepreHankyisipaoM ocu I'K Ha paccrossanu L =2R pamnanbHble me-
pememienuss W 6 oOpamaroress B Hostb. OueBuano, uto npu mmuae ['K L=2R,

pa60Ta, H606XOI[I/IMa$I JJIA €10 ,He(l)OpMI/IPOBaHI/IH TCHEPATOPOM BOJIH, MUHUMAJIbHA.
B stoMm CJIy4ac TAKKC YMCHBIIAOTCS HAIPY3KH HA OIIOPBI Ka4YCHU I'€HEpAaTOpa.
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