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MHorocaTe//IMTHBIE IIJITaHETapHbIe Nlepefaul HALUIM IMPOKOe paclpocTpaHeHNe B TeXHU-
Ke 61arofapsi CBOMM TEXHUKO-3KOHOMMYECKUM IIOKa3aTe/IsIM: BBICOKOI HeCYIell CIoco6-
HOCTV TIpY HeOONbLIMX TabapUTHBIX pasMepax M Macce, MajbIM IIOTepPsIM MOLIHOCTYM Ha
TpeHMe U XOPOIIMM BUOPOAKYCTUYECKUM XapaKTepucTukam. [lis obecriedeHns: paBHOMep-
HOTO paclHpefie/ieHNsA HAarpysKM B 3alleIUVIEHMAX KOJIeC TaKMX Iepefad MX COMHEeYHas Iie-
CTepHs COeVMHEHa C BelyIVM BaJIOM IIOCPE[CTBOM 3y64aToil My(Thl, a caTe/UIMThI PacIo-
TIO>KeHbI Ha ceprdecknx nopmnnamnkax. OfHaKo IpU OrpaHNYeHHOM PafiMaJbHOM pasMe-
pe mepefayy HEBO3MOXXHO HOROOpaTh MOJIIMITHUK CaTe/UINTA TpeGyeMoil Harpy3odHOI
criocobHocTH. PacmosnoyxeHne >xe caTe/UINTa Ha ABYX MOAIIMITHMKAX BeleT K HepaBHOMep-
HOMY pacIipefie/IeHIIO HarpysKy 110 IMMpUHE €r0 BEHLIa, II09TOMY CaTe/UIUT Lieleco0OpasHo
BBITIOJIHUTD B BUZIE /IBYX 3y04aThbIX KOJIEC, YCTAHOBIEHHBIX C IOMOILIbI0 CheprIecKmx Iof-
IIMITHUKOB Ha OfHOIT ocu. Torma Harpyska pacIpezensercs 1o IIpPYHEe KaKTO0To BeHIa ca-
TeJI/INTAa PaBHOMEPHO, a IIO OTHE/IbHBIM BEHIIaM HEPAaBHOMEPHO. B CBA3M ¢ 3TMM BaXHOM
3ajja4ell ABMAETCA MCCIeNOBaHNe PAlMOHAIbHOM KOHCTPYKLUM IUIAHETAPHON Iepefadn, B
KOTOPOM IIeKa BOAM/IA PACHOIOKEHA MEXAy PAfaMyU CaTe/IMTOB, YTO IIO3BOJIAET IOBbI-
cnTh feOpMAaTUBHOCTD OCY M COIPATaeMOll C Hell 1eK) BOAWIA, a TAK)Ke B 3HAYNTEIbHOI
CTeleH) KOMIIEHCHPOBATh HeM30e>KHbIe MOTPEIIHOCTY MeXaHM3Ma U OTpULjaTe/IbHOe BIINs-
Hue flepopManyy KpydeHus COTHEYHOI IIeCTePHN Ha pacIpefieieHIie Harpy3Ky 10 BeHLjaM
CaTe/UINTA M Ha TEXHMKO-3KOHOMMIYECKNE ITOKa3aTeny npusoga. IIpu pemennn sagadn och
caTe/UIMTa B MeCTaX ee COIPSDKEHVS CO INeKOI BOAMIA paccMaTpyBajach Kak Oalka Ha
YIOPYroM OCHOBaHMM. TakuM o0pasoM, OIpefie/ieH 3aKOH paclpefie/ieHNs HArpy3Ku IO
TOJIIVHE LKV, OKa3bIBAIOLINIL OO/bIIOe BIMAHNE Ha IOATIMBOCTD OCU U pacIpefie/ieHIe
Harpy3ku B 3aljelyieHNsXx Komec. KoadduimeHT HepaBHOMEPHOCTM paclpefeneHus
HarpysKu IO BEHIJaM IBYXPANHOIO CAaTe/UINTA ONPENEIA/ICA U3 PEelleHNs YPaBHEHMI COB-
MECTHOCTY IlepeMellleHNI], BKTIOYaoIIMX B ce0s IMOAaT/INBOCTD 3/IEMEHTOB Iepefadn (co-
HEYHOJl ILIeCTepHY, 3yObeB KOJeC, OCY ¥ IMOAUIMITHMKOB CaTe/UINTa, LIeKM BOAWIA) U
HavyajabHOE Helpuieranue 3yobes. [/ opefenieH s HAPsKEHUI B 30HE COIPSKEHMS OCH
CaTeJyINTa CO LIEKOI BOAM/IA MCIOIb30BaIaCh KOMIBIOTEPHASA MOJENb 3TOrO Y3714, I03BO-
JAI0IAsAg OCYLIECTBUTD €T0 PacdeT Ha IPOYHOCTD.
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Multi-planet epicyclic gears are widely used in engineering due to their technical and
economic indicators: high bearing capacity with small dimensions and weight, low power
losses due to friction, and good vibroacoustic performance. To ensure the uniform load
distribution in meshed gears, the sun gear is connected to the drive shaft through the clutch
gear, and the planets are mounted on spherical bearings. However, due to the limited radial
dimension, it is not possible to select a planet gear bearing of the required load capacity; while
mounting the planet on two bearings leads to an uneven load distribution across the width of
the planet gear crown. It is advisable that the planet consist of two gear wheels mounted by
means of spherical bearings on the same axle. In this case, the load across the width of the
crown of each planet gear is distributed evenly, while load distribution on the individual
crowns is uneven. In this regard, it is important to study the rational design of the planetary
gear where the carrier cheek is located between the series of planet gears. It improves
deformability of the axle and the carrier cheek mating with the axle. It also significantly
compensates for the inevitable errors of the mechanism and the negative effect of the sun gear
torsional deformation on load distribution along the planet gear crowns and on technical and
economic indicators of the drive. When solving the problem, the planet axle at the point of
interface with the carrier cheek is considered as a beam on an elastic foundation. Thus, the law
of load distribution over the thickness of the cheek is determined. It has a great influence on
yielding of the axle and the distribution of the load in the meshed wheels. The coefficient of
uneven load distribution along the crowns of a two-series planet is determined by solving the
equations of displacement compatibility that include the yield of the gear train elements (sun
gear, wheel teeth, axle and bearings of the planet gear, carrier cheek) and the initial separation
of the teeth. To determine the stresses in the coupling zone of the planet axle and the carrier
cheek, a computer model of the unit is used to perform a strength analysis.

Keywords: planetary gear, deformability of elements, manufacturing errors, uneven load
distribution.

3y6uarble IIaHeTapHble MEXaHU3MBI IINPOKO pac-
IPOCTpaHeHbl B TeXHMKe O1arofapsi XOpOLINM
TEXHUKO-9KOHOMMYECKVM IOKa3aTeJIsIM, B CBSA3U C
4eM NPUBJIEKAIOT OO/bIIOe BHMMaHME KaK OTede-
CTBeHHBIX [1, 2], Tak u 3apyOexxHbIx [3-5] mHxe-
HEpOB U y4EHbIX B 00/1aCTV 3yOUaTBIX Ilepefad.

ITorpemrHocT¥  M3rOTOB/IEHMs IIAHETAPHOI
nepefayy ¥ MOAATINBOCTD €e 3/IeMEHTOB OKa3bl-
BAaIOT CYLIECTBEHHOE B/IMsAHNE Ha paclpefie/ieHye
HAarpy30K B 30HAaX UX CONIPsDKEHMsA, a C/IefjoBa-
TeJIbHO, U Ha HArpy304HYI0 CIOCOOHOCTb MeXa-
HusMa [6, 7]. IIpudyem HepaBHOMEpHOe pacripepe-
JIeHVe Harpy3Ky B CONPSDKEHMSX OfHUX JieTanel,
BBI3BaHHOE UX JlepopMaryeil, MO>KeT CII0COOCTBO-
BaThb BBIPAaBHMBAHNIO HArpy3Ku B CONPSDKEHUAX
APYTUX 371eMEHTOB Ilepefjadil.

B BBICOKOHArpy>KeHHBIX MHOTOCATE/UIUTHBIX
IUIAHeTapHBIX IlepeiadyaX, COAep KalMX CaMoyCTa-
HaB/IMBAOIIYIOCA COTHEYHYIO IIeCTepPHI0, HeIo-
ABVDKHOE LIEHTPaJIbHOE KOJIeCO VM BOAWIIO, IIPYU MX
OTPaHMYEHHOM paJMaJbHOM pa3Mepe CaTeINT
BBIIIO/IHAIOT [JBYXPSJHBIM, COCTOSIIMM M3 [BYX
3y06uaThIX KOJIeC, KaKI0e U3 KOTOPBIX YCTaHOBJIEHO
Ha ceprdecKknit MOAMNITHUK U IOCAKEHO Ha OCb,

PAacIIONIO’KEHHYIO B IIeKaX BOAWIA. DTO MO3BOJAET
CYILIeCTBEHHO IIOBBICUTb HAarpy3odHyI0 CII0CO0-
HocTb nepefayy. OfHAKO IIOTPEHIHOCTU ee M3ro-
TOB/IeHNsA ¥ fAedopManyss KPy4eHUs COTHEYHON
HIECTEPHU NPUBOJAAT K HEPABHOMEPHOMY pacIipe-
TeNeHNI0 HAarPy3KM IO BEHIIaM CaTe/UINTA, 9TO OT-
PMLIATENIBHO CKa3bIBA€TCA Ha TEXHMKO-3KOHOMMU-
YeCKMX ITI0Ka3aTeNAX IPUBOJa.

B cBA3u ¢ 3TMM Ba)KHOV 3ajja4yell sABIAETCA pa-
IIVIOHA/IbHBIII BHIOOP KOHCTPYKLMM IIAHETAPHOTO
MeXaHM3Ma J €ro IapaMeTpoB, 00ecHedYBaoOIX
BBICOKME CTEIIEHb PABHOMEPHOCTH paclIpefieIeHN
Harpysku B 3alel/IEeHMAX KOJeC, Harpy30o4HYIo
CIIOCOOHOCTb MEXaHMYEeCKOTO IPUBOJA I YPOBEHD
TEXHOJIOTMYHOCTI IIPY HEeOOXO[VMBIX Maccoraba-
PUTHBIX ITapaMeTpax.

Ha puc. 1 npuBefieHa KOHCTPYKIA ITaHETap-
HOJI Ilepefadyyl, B KOTOPOI 1eKa BOAM/IAa PACIIOIo-
JKEHa MEeXJy pAJaMI CaTe/l/IMTOB, YTO JaeT BO3-
MOYXHOCTb IOBBICUTDH Je(OPMATMBHOCTD OCH M
COIIpATaeMOVl C Hell IIeKM ¥ B 3HAYUTEIbHOM CTe-
IEeHV KOMIIEHCHPOBAaTb HeM3Oe)XXHbIe IMOIPEIIHO-
CTU MSTOTOBJIEHMA MEXaHM3Ma M OTpUIATETIbHOE
B/IMAHNE feopMannuy KpydeHNs COTHEYHO Ie-
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Puc. 1. H]'IaHeTapHaH Iepefada ¢ AByXpATHbIMU CaTeINTaMI Y1 CAMOYCTaHaB/IVBAIOIIVIMICA 3BEHbAMU

CTEpPHM Ha paclipefie/ieHMe Harpysku II0 BeHLaM
cate/umMTa. VIcnonb3oBaHNE W3BECTHOTO METOMA
U30aB/IeHNA OT M3OBITOYHBIX CBs3ell, 3aKIHYA0-
LIEroCs B BBIIIOJTHEHUM COIPATAE€MBIX ITOBEPXHO-
CTell OCU caTe/yIuTa ¥ IeKM BOAWUIA YKa3saHHO
nepepaun chepudeckuMu, obecrednBaeT 6IM3Koe
K paBHOMEPHOMY paclpefie/iecHlie Harpy3Ku B 3a-
LEIUIEHNAX KOJIeC, HO YC/IOXKHAET KOHCTPYKIVIO
MEXaHM3Ma U CHIDKAeT YPOBEHb €r0 TE€XHOJIOTNY-
HOCTHU.

VYcraHOBUM BIMSHVE IOTPEIIHOCTENl M3TOTOB-
JIEHVA TIPUBENEHHO Ha puc. 1 IIaHeTapHON Iepe-
Hauy 1 feOpMaTUBHOCTY OCHOBHBIX €€ 9/IeMEHTOB
(ocm caremmuTa, ek BORMIIA, COTHEYHON LIeCTep-
HI1, 3yObeB KOJIeC, IIOALINITHNKOB KaueHNsI) Ha pac-
Ipefie/ieHNe Harpy30K B 30HAX MX COIPSIKEHUA.

C y4yeToM WCKpMBIEHMSI OCK CaTe/UIMTa IIOf
TEeJICTBYEM IIPWIOXKEHHON K HeMl CUIbl U IIOBbI-
LUIEHHOJ TMOJATIMBOCTA BHYTPEHHETO KOJIbILIA
IMOJIINIIHMKA y €ro TOPLIOB Harpyska Ha OCb CO
CTOPOHBI MOAUINITHIKA MOKET OBITh IpeCTaBIeHa
ypaBHeHMeM (puc. 2)

mP. . mz
w;(z) =——sin—,
41 21
rge P; — cwa, gelicTByronas Ha OCb caTe/UIUTa CO
CTOPOHBI i-TO ITOAIINITHIKA.

Torzma nmporu6 ocu B cpefHelt YacTy IUIOMIAKIA
ee KOHTaKTa C KOJIbL[OM IOJIINITHUKA, 00yC/IOB-
JIEHHBIN [eiCTBIEM M3TMOAIOIero MOMEHTa U I10-
HepeYHONl CU/IBI U OIpefie/IeHHBll 10 GopMyIam
CONPOTMBJIEHMA MaTepUaIOB C UCIOIb30BaHVEM
uHTerpana Mopa,

7P (1Y 1Y
=2 0414 = 1
Yo El(dj (dj (1)

rie E — mopynb ympyroctu mepBoro popa; d —
AMaMeTp OCH CaTeJINTA.

YpaBHeHue neOpMMPOBAHHOI OCH B 30HE ee
COIPSKEHMS CO LIEeKOJ BOAM/IA 3allMIIeM B CIely-

IOllleM BUfE:
q(x)

2 2
1dqx) &y _ M) 00400
C dx? dx? IE SG

3necb C — ypenbHas KOHTAKTHas XKECTKOCTb
COHp}I}KeHI/IH, Haf/l,ueHHaH 3KCHepI/IMeHTaHbeIM
nyrem, C=E/1,2 [8]; I — oceBOil MOMEHT MHep-
LU CeYeHUS;

M(x)=P, (l+x)—]€q(§)(x—§)d;

S — mnyomanpy momepedyHoro cedeHuA ocu; G —
MOJY/Ib YIIPYTOCTY BTOPOTO poja.

ITocne aBykpaTHOrO mMddepeHIpoBaHNs pa-
BEHCTBa (2) momyunm

d*q(x) _LlIC d*q(x) +£
dx* SG dx* IE

q(x)=0,
orcroaa
q(x) = C; sinh (ox) sin (Bx) + C, sinh (oux) cos (Bx) +
+ C; cosh (0x) sin (Bx) + cosh (ox) cos (Bx),  (3)

X

g

Py 96 Py

L il

01(2)
) B !

Puc. 2. Cxema Harpy>xeHus OCH JBYXPAJHOTO CaTeIATA
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C 1,11JIEC &)
o= 4—cos| 0,5arccos| — | |; q
IE 25G AN
C . L1IWIEC \
B = #4—sin| 0,5arccos| ———— 2
IE 28G \
[ns onpepeneHus MOCTOSHHBIX MHTETPUPOBa- 1 \
Hua C,-C; ucnonbsyeM crefyiolllie ypaBHEHU
CTaTMKM ¥ TPAHUYHBIE YCITOBY: 0
B
. x)dx =P +P, =2P = gB; -1
_[q( ) 1+ P g 0 02 04 06 08 x
0 — a
)
q

B
¢ IQ(X)(B—x)dx =P2 (B-l'l)—Pll’
0

epu x=0

L11C_

M :Pl 5
(x)=P,] wm q(x) s

d*q(x) K, BqIC N
dx? 2IE
*1pu x=1B
M(x)=Pl wmm
d*q(x) _ (2-K,, )gBIC N L,11C ()
dx? 2IE sg I
Tle ¢ — CpefHssA NOTOHHAs Harpyska B 30HeE CO-
OpsDKEHMST OCKM  CaTe/UIMTa ¥ ILIeKM BOJWIIA;
B, P,, P — cubl, eMICTBYIOLME HA OCh CaTe/IInuTa
CO CTOPOHBI IOALINITHMKOB CAaTEINTA, U UX CPefi-
Hee 3HauyeHne; K,, — xoadduiimeHT HepaBHOMep-
HOCTI pacIipefie/leHVsI Harpy3Ky IO BeHILIaM ca-
tennurta, K, =P /P.

Ha pwuc. 3 mokasaHo pacripefeseHrie OTHOCK-
Te/IbHOM IIOTOHHOM HAarpysku IIO TOJIIVHE KU
BOogWIa X =x/d Tpu IMpUHe BeHLA CaTeINTa
b, =d, 1=0,5b,, K,= 1,3 u pasnnyHbIXx 3Haye-
HMAX OTHOCUTE/IbHOV INVPUHBI COJIHEYHOI IIIe-
crepru B = B/d.

[TepemeljeHne ocu B 30He YCTAHOBKY ITOZLINII-
HIJKa, OOYC/IOB/IEHHOE M3rMOOM ee KOHCOJBbHOI
YacT! U IOAATIVBOCTBIO CONPSDKEHMs OChb-IljeKa

BOZW/IA, OIIPefie/IUM B COOTBETCTBUY C ypaBHEHM-
amu (1), (3):

1 I
= yo1 +q(B)—+q"V(B)—;
1= yor +4( )C q ()C

1 !
= y02 +(0)=+g®(0)—.
Y2 =Y q()C q ()C

Ilna ompepmenenusa koad¢uimeHTa HepaBHO-
MEPHOCTH pacIpefieieHNs Harpysky II0 BeHIIaM
caTe/UINTa UCIONb3yeM YPaBHEHNUSA COBMECTHOCTHU
nepeMelleHNIl, BKIIOYMB B HUX, KpOMe IIOIPEIIHO-
CTeil M3TOTOBJIEHN ¥ MOHTaXKa Iepefiayun, fedop-
MaINIo OCU U IIeKV BOAN/IA, IOAATINBOCTD 3yObeB,

1 \\ .
LN L

0 025 0,50 0,75 1,00 1,25 X
6

Puc. 3. PactipefienieHrie OTHOCUTENbHO IOTOHHOI
Harpysku ¢(x)/q 1o TONIIMHe I[eKY BOAMUIA X
npu koapduuuente K,, = 1,3 u pasmyHbIX 3HAYEHUAX
OTHOCUTENbHON IIVPMHBI COTHEYHOI NIECTEPHU:
a— B=1; 6— B=1,5

fedopMalii0 KPYYeHNUSA COTHEYHON LIeCTepHM U
HOAATINBOCTD HOAMINITHNKOB Ka4eH:

0,5P,
—I:ﬂ—(yl +yp +A)cosocw;
C,b,, cosa,,
0,5P, (4)
——==0—(y, + COSCLy, + Vo3
C,b, cosa, ()/z ypz) 7
B +P =2P.
3necy C, — ynenbHas )KeCTKOCTb 3y64aToro 3a-
nennenus, C, =0,075E [6, 8]; o, — yron 3anen-
neHus: xonec; O — nedopmauus 3yba Hambonee

Harpy>keHHOTO BEHIIa CcaTe/yInTa; A — HadaabHBIN
OKPY)XHOJI 3a30p MeXHy 3yObsimu 1-ro (HamMeHee
Harpy)>XeHHOT0) BEHIIA CaTe/UINTa i 3yObsIMM II€H-
TPaJIbHBIX KOJIEC IIPY IVIOTHOM KOHTaKTe 3yObeB B
3alleIUIeHNsIX 2-TO BeHI[d CaTe/UINTa C LeHTpajb-
HBIMU KOJIeCaMyi; yp; — CONVDKEHVe BHEILIHEro 1
BHYTPEHHETO KOJell JBYXPSARHOro cdepudeckoro
PONIMKOBOTO NOALIMITHUKA IO HeJICTBUEM pajy-
anbHOU Harpysku [9, 10]; y, — TMonoBMHA pasHO-
CTY CMelleHNs 3yObeB COJTHEYHOJI IIeCTEPHNU B ee
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MOTIEPEYHBIX CEUEHUAX ITOCKOCTSMU CUMMETPUM
BEHIIOB CaTe/UINTOB B pe3ynbraTe Aedopmannn
KPY4eHMSL.

B Beipaxennn (4)

2
7,7P. (1—u2)
, =0,5( 1,3 2Py +153/ 205 | 3| —————= | ;
n ( P P ) ZEcosQ
0,5n,b% B
o = 0,50, =t | o 875¢, +=+0,125h |
P w
e 1y U 1, — KOIMPUIMEHTBl PasHOCTU KPU-

BU3HBI B COIPSDKEHMAX POIMKA C HAPY>KHBIM U
BHYTPEHHMM KOJIbLIAMM IOALIMIIHMKA; X0y U
2P, — IpUBeNEHHbIe KPVBM3HbBI IIOBEPXHOCTEN B
CONPSDKEHMAX POJMKA C HAPY)KHBIM U BHYTpPEH-
HVM KOJIbL[aMU TTOAUINITHIKA; L — KO3 ULmeHT
ITyaccoHa; Z — 4MC/IO PONIMKOB B PARY; @ — yron
HAK/IOHa OCM POJIMKA K OCY IMOAUIMIIHUKA; ¢ —
Pa3HOCTD YITIOB KPY4eHMsI CEUEeHMIT; 1, — Pagnyc
OCHOBHOJ OKPY>KHOCTU COJIHEYHOJ ILIEeCTepHI;
I, — MONApHBI MOMEHT MHEPLUN CEYEHUs LIe-
CTepHM; t; — TIOTOHHBII MOMEHT Kpy4eHMs Iie-
CTepHM Ha YYacTKe ee CONPSKEHNUA C i-M BEHI|OM
caremnura, t; =0,5n,Pn,/(b, cosa,,) (n, — duc-
JI0 IBYXPSAHBIX CATETINTOB).

YpaBHeHus (4) sammcaHbl AlA CIydas, KOrAa
HanboJjiee Harpy>KeHHBIII (BTOPOII) BEHEL] caTelIN-
Ta PACIONIOXKEH CO CTOPOHBI IIOJBOA MOMEHTA K
COJTHEYHOI ImecTepHe (HeOIaronmpMATHBIN CITy-
Yaji), a Harpyska IO IIVPUHE OTHEIbHBIX CaMO-
YCTAQHAB/IMBAIOIMXCS BEHIIOB 1 IO CaTe/UIMTaM
pacripesie/ieHa paBHOMEPHO.

[l ycTaHOBNIEHUSA CBA3M MeXAy Koapduuu-
€HTOM HEepPaBHOMEPHOCTH paclpefie/ieHus: Harpys-
K/ TI0 BeHIaM cateumra K, ¥ HadalbHBIM

Ls 1
4 /;/ _ -
o A
1,2 V/ r/

KW

N

1,1

0 20 40 60 80 100 120 A*

Puc. 4. 3aBucumocts koapduunenra K,
HEPaBHOMEPHOCTH PacIpefeNeHNs Harpy3Ku
10 BEHL]aM IBYXPsATHOTO CaTeInTa
OT OTHOCUTE/IbHOTO Ha4a/IbHOTO Hempyieranms A”*
3yObeB NPV Pa3/IIHBIX 3HAYEHNSX OTHOCUTETBHO
HIVPVHBI COJTHEYHO IIECTEPHM:

1— B=12; 2— B=1; 3— B=0,8

Max: 39528232
19767556
16474110
13180664
-9887218

6593772
3300326
6880

Puc. 5. KoMmnbioTepHas MOZIe/Tb CONPSIKeHNA
0Ch caTenmTa-IeKka Boguna npu P, =P, =1000 H,
B=15, 1=0,5d u d=15mMm

OKPY)XHBIM 3a30pOM B 3allelIeHNsIX A, BBI3BaH-
HBIM TIOTPELIHOCTBI0 M3TOTOB/IEHMSI M MOHTaXa
epefayy, BIPasyM BXOJAINe B CUCTEMY YpaBHe-
Huit (4) cunosele pakTopsl yepes g u K,,, a 3a3op
IpefiCTaBUM B BIfie 6e3pa3sMepHOIt BeIMIMHBL:

P =0,59B(2-K,); P, =0,5qBK,;

Ac AgB AqB _ A'gB
2P 4w,b, coso, 4Eb, cosd,,
Iie W, — HOpMajbHas [IOTOHHAsl HArpyskKa B 3a-

LeIIeHnsX Komec; A" — OTHOCHTENbHOE Havayb-
HOe Hemnputeranue 3yones, A* = EA/w,,.

Ha puc. 4 npezncrasieHa 3aBUCUMOCTb K03¢-
dbunmeHTa HepaBHOMEPHOCTM paclpefieneHus
Harpysku IO BeHILIaM ABYXPAZHOTO CaTe/IUTa OT
OTHOCUTEJIbHOTO  HA4aJbHOTO  HeIpUIeraHus
3ybbeB npu n, =3, o, =20° b, =d, 1=0,5b,,
ba=(B+2b,)/d, =1,8 (d, — puamerp penu-
TEJIBHOI OKPYXXHOCTM COJIHEYHOI LIeCTEePHN),
NOJIINIIHUKAX CPefHell cepuM U PasHbIX 3Hade-
HuAx B = B/d. VI3 rpadukoB cremyeT, 4TO MOAaT-
JIMBOCTb OCM CaTe//IMTA ¥ IEeKM BOAMIA OKa3bl-
BAIOT CYILIeCTBEHHOE MOJ0XKITE/IbHOE BIMAHNE Ha
pacmpefienieHNie Harpy3Ku IO OT/ETbHBIM BeHI]aM
caTe/UInTa. VIsMeHeHre OTHOCUTENIbHON HIMPUHBI
COJIHEYHOII LIecTepHU B mpepenax 1,8...2,5 mano
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CKa3bIBaeTCAd Ha 3HAYEHUM YKa3aHHOTO Koadpdu-
uuenTa K, .

Pacnipenienenne HampspKeHMil B 30HaX COIpPA-
JKeHMSI 3/IEMEHTOB Iepeflaull MCC/IeOBATIOCh Me-
TOZOM KOMIIBIOTEPHOTO MOJennpoBanus (puc. 5),
YTO I03BOJIAET NOA00paTh pallMOHA/IbHbIE 3HaUe-
HUA IapaMeTpPOB MeXaHM3Ma, KOTOpble obecre-
YMBAIOT TpeOyeMyl IPOYHOCTb COINPATAEMBIX
3/IEMEHTOB IIPY UX BBICOKOI MOJATIMBOCTH, CIIO-
coOCTBYyIOLIEl CHYDKEHNIO K09 uImeHTa Hepas-
HOMEPHOCTU PpacHpefieieHs] HarpysKyu IO BeH-
IJaM CaTeJlINTa.

BoiBoab1

1. Vicnonp3oBaHye KOHCTPYKIUY IJIAHETApHOM
nepefauy C ABYXPASHBIMU CATeIMTaMM, PAcCIIo-

JIuteparypa

JIO>)KeHHBIMM Ha KOHCOJIBHBIX OCAX, Oarofaps 1mo-
JAaTAMBOCTY 37IEMEHTOB MeXaHM3Ma II03BOJIAET
CYIIECTBEHHO YMEHBUIUTh OTPULATE/IBHOE BIIVA-
Hyle MOTPELTHOCTell ero M3roToBlIeHus u pedop-
Maluy KPy4eHMs COJIHEYHOM IIeCTePHM Ha pac-
IpefesieHNe HarpysKu B 3aleIVIEHNUAX KOJlec.

2. Vi3sMeHeHMe OTHOIIEHMS IIMPUHBI CONTHEY-
HOJ IIeCTEpHHU K ee AnMaMeTpy B npefenax 1,8...2,5
MajI0 CKas3bIBA€TCA Ha paCHpeleNieHUM HarpysKu
II0 BEHIIaM JIBYXPAGHOTO CaTe/INTA.

3. IIpy OTHOIIEHNMM IIVPVHBI COJTHEYHON Ile-
CTEPHM K €€ JMaMeTpy, He NpeBbIlIaloleM 2,5, pa-
LMOHa/IbHBIX NTapaMeTpax IUIaHETapHON Iepefadn
U CPefHeil CTENEeHM TOYHOCTU €€ M3TOTOBJIEHMS
K09 PuireHT HepaBHOMEPHOCTY pacIpefe/ieHNs
Harpy3Ku IO BeHIJaM [IBYXPAMHOIO CaTelInTa Co-
crasiseT He 6oee 1,5.

[1] Syzrantsev V.N., Golofast S.L. Drives of Pipelines Block Valve based on the Pan Precess Gear.
Global journal of researches in engineering, 2014, vol. 14, no. 2, pp. 15-17.

[2] Bonkos I'.10., ParmanoB 9.B., Kypacos JI.A. AgantuBHas cucTeMa KOPpeKIUM HOTPeIIHO-
crell HaK/IOHa 3yObeB B 3yOuaTbIX IlepefiadaXx. Becmuux mauwiunocmpoenus, 2013, Ne 3,

c. 14-16.

[3] Kissling U., Dinner H. A procedure to determine the optimum flank line modification for
planetary gear configurations. International gear conference, August 24-26, 2014, France,

Lyon-Villeurbanne, pp. 65-76.

[4] Singh A. Epicyclic load sharing map-development and validation. Mechanism and machine

theory, 2011, pp. 632-646.

[5] Kraynev A., Salamandra K., Raghavan M. Synthesis of the Two-Stream Transmissions. Power
Transmissions Proceedings of the 4" International Conference, Sinaia, Romania, June 20-23,

2012, pp. 335-345.

[6] Kahraman A., Ligata H., Singh A. Influence of ring gear rim thickness on planetary gear set
behavior. Journal of Mechanical Design, Transactions of the ASME, 2010, vol. 132, is. 2,

pp. 0210021-0210028.

[7] Boduski B., Kahraman A., Nishino T. A new method to measure planet load sharing and sun
gear radial orbits of planetary gear sets. Journal of mechanical design, 2012, vol. 134,

p. 071002.

[8] ITnexanos @.J. [ledopmMaTMBHOCTD 3/1EMEHTOB ITAHETAPHON IlepefavM M ee BIMSHUE Ha
pacrpefienieHne HarpysKy B 3aLieIUICHISIX Komec. ITpo6iembl MauunocmpoeHust t Ha0exHo-

cmu mawiun, 2015, Ne 3, ¢. 43-49.

[9] Haxataksan ®.I. AHamuTuyeckoe ompefe/ieH)e KOHTAKTHON IIOFATIMBOCTY POIMKOBBIX
HOJLINIHUKOB. IIpu600vt u kKomnoHenmot mauiun, 2013, Ne 5, c. 21-22.
[10] Yepmenckuit O.H., ®egoros H.H. IToowunnuku xauenus. Cnpasounux-kamanoe. Mocksa,

Mamunocrpoenne, 2003. 575 c.

References

[1] Syzrantsev V.N., Golofast S.L. Drives of Pipelines Block Valve based on the Pan Precess Gear.
Global journal of researches in engineering, 2014, vol. 14, no. 2, pp. 15-17.

[2] Volkov G.Iu., Ratmanov E.V., Kurasov D.A. Adaptivnaia sistema korrektsii pogreshnostei
naklona zub'ev v zubchatykh peredachakh [Self-organizing system of adjustment of inclina-
tion teeth error in gear units]. Vestnik mashinostroeniia [Russian Engineering Research].

2013, no. 3, pp. 14-16.



#6 [687] 2017

M3BECTWMA BBICIIVX YYEBHBIX 3ABETEHNN. MAIIMHOCTPOEHME 17

[3] Kissling U., Dinner H. A procedure to determine the optimum flank line modification for
planetary gear configurations. International gear conference, August 24-26, 2014, France,
Lyon-Villeurbanne, pp. 65-76.

[4] Singh A. Epicyclic load sharing map - development and validation. Mechanism and Machine
Theory, 2011, vol. 46(5), pp. 632-646.

[5] Kraynev A., Salamandra K., Raghavan M. Synthesis of the Two-Stream Transmissions. Power
Transmissions Proceedings of the 4" International Conference, Sinaia, Romania, June 20-23,
2012, pp. 335-345.

[6] Kahraman A., Ligata H., Singh A. Influence of ring gear rim thickness on planetary gear set
behavior. Journal of Mechanical Design, Transactions of the ASME, 2010, vol. 132, is. 2,
pp. 0210021-0210028.

[7] Boguski B., Kahraman A., Nishino T. A new method to measure planet load sharing and sun
gear radial orbits of planetary gear sets. Journal of Mechanical Design, Transactions of the
ASME, 2012, vol. 134, article no. 071002.

[8] Plekhanov F.I. Deformability of units of a planetary gear and its effect on load distribution in
gear meshes. Journal of Machinery Manufacture and Reliability, 2015, vol. 44, no. 3,
pp. 227-231.

[9] Nakhatakian F.G. Analiticheskoe opredelenie kontaktnoi podatlivosti rolikovykh podshipni-
kov [Analytical determination to contact softness roller bearing]. Privody i komponenty
mashin [Machine drives and parts]. 2013, no. 5, pp. 21-22.

[10] Chermenskii O.N., Fedotov N.N. Podshipniki kacheniia. Spravochnik-katalog [The rolling
bearings. Directory]. Moscow, Mashinostroenie publ., 2003. 575 p.

Nudopmanus 06 aBTopax

IUTEXAHOB ®epnop VIBanoBuy (VDKeBCK) — JJOKTOP TEXHU-
4ecKUX HayK, Ipodeccop Kadenpsl «I[IpoMbliIeHHOE 1 TPax-
maHckoe crpoutenbcTBor. ®IBOY BO «JxeBckmit rocypap-
CTBeHHbIT TexHMdecknii yHuBepcuteT umern M.T. Kamaman-
KOBa» (426069, VIxeBck, Yamyprckas Pecriybnuka, Poccuiickas

Depeparys, CryaeHdeckas yi., 5. 7, e-mail: fplehanov@list.ru).

BBIYY>KAHVHA Enena ®egopoBHa (VkeBck) — KaHIMAAT
9KOHOMMYECKMX HayK, JoLeHT Kadenpbl «MeHeIKMEHT».
OI'BOY BO «JKeBckuil TOCYyHapCTBEHHBIM TEXHIYECKUIT
yuusepcurer umenn M.T. Kamamnukosa» (426069, VixeBck,
Yomyprckas Pecniy6rvka, Pocemiickas ®epepanuss, CrygmeH-
qeckas yiL., fi. 7, e-mail: 11041995@list.ru).

CraTba noctynuia B pegakunio 23.03.2017

Information about the authors

PLEKHANOYV Fyodor Ivanovich (Izhevsk) — Doctor of Sci-
ence (Eng.), Professor, Department of Industrial and Civil Engi-
neering. Federal State Budgetary Educational Institution of
Higher Education Kalashnikov Izhevsk State Technical Univer-
sity (426069, Izhevsk, Udmurt Republic, Russian Federation,
Studencheskaya St., Bldg. 7, e-mail: fplehanov@list.ru).

VYCHUZHANINA Elena Fyodorovna (Izhevsk) — Candi-
date of Science (Economics), Associate Professor, Department
of Management. Federal State Budgetary Educational Institu-
tion of Higher Education Kalashnikov Izhevsk State Technical
University (426069, Izhevsk, Udmurt Republic, Russian Fe-
deration, Studencheskaya St., Bldg. 7, e-mail: 11041995@list.ru).





