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HccaenoBanme pacnpeaejeHusi HATPY3KH 10 POJMKAM IJIAHETAPHON Mepeaavu
ana K-H-V

N. A. lIymkapes, acnupant, UxI'TY umenn M. T. Kanamnukosa, Mxesck, Poccus
A. B. OBCIHHUKOB, KaHIUIAT TEXHUIECKUX HAyK, [ Ta30BCKUI MHKEHEPHO-I)KOHOMHYECKHIH HHCTUTYT ((prrain)
WoxI'TY umenu M. T. Kanamnukosa, I'ma3zos, Poccus

Ilpusedenvr pe3ynbmamol IKCHEPUMEHMATLHOZ0 UCCIEO08AHUSL PACTPEOeNeHUsl HACPY3KU NO POIUKAM C Y4emoM
noepewHocmell U320mosieHus nianemapuou nepeoayu muna K-H-V.

Inanemapnvie nepedoauu muna K-H-V, no xnaccugpurayuu Kyopseyeea B. H., umerom muodcecmeo npeumyuwecme
1O CPABHEHUIO C AHAL02AMU, HO UX UCNONIb30BAHUE CHUNCEHO U3-30 HANUYUSL MeXaHusma nepeoadu momernma. Koncm-
PYKYUsL NIAHEMAPHOU nepeoayu ¢ poIuKO8biM MeXAHUIMOM nepeoayu MOMeHma npowe, Yem ¢ PblydadiCHbIM MeXaHU3-
mom, u umeem bonee gvicokuti KIIJ[. Oonaxo, HecmMomps Ha 8ce npeumyujecmseda poauKko8oll NiaHemapHoll nepeoadu,
OHA HEeOOCMAMOYHO WUPOKO NPEeOCMABIeHd 8 ONYOIUKOBAHHBIX UCCIE008AHUSX.

Cnedyem umems 8 8udy, umo 6 npoyecce dKCHAyamayuu nianemapHou nepedauyu muna K-H-V ¢ ponuxosvim me-
XAHU3MOM nepedayu MOMeHma HAspy3Ky 60CHPUHUMAEN TMOJbKO NOJ0BUHA POIUKOS, Opyeds NOJI08UHA pabomaem HaA
xonocmom x00y. Ilpu smom npu yseruuenuu 4ucia poiuKo8 MAKCUMAIbHASL HA2PY3KaA HA NepedamoyHblll MeXanusm
Mooicem bvimb cHudicena. Takoice npu onpeoeieHHoM Yucie poauUKo8 CHUNCAEMCs: KOID@uyuenm HepasHoMepHoCcmu
pacnpeoenenus Hazpy3Ku 8 3ayenieHusx nepeoaiiu.

Hemounocmu uzeomosnenusi u cOopku nepeoayu Mo2ym npugecmu K U3MeHeHUuIo COOMHOULEHUSI MeNCOY CUNAMU,
OKA3bIBAIOWUMU GIUAHUE HA POIUKU U 83AUMOOCUCIMBEYIOWUMU C HUMU d1emenmamu mexanusma. Ilosmomy 6 ananu-
MUYECKUX 3a8UCUMOCIIAX ObLIU YumeHbl Hauboee Heblazonpusmmsle @ OMHOWEHUU PACpedesieHUsl HA2PY30K CYHAU.

Jlano onucanue 3KCnepUMeHMANbHOU YCMAHOBKU, CEA3AHHOU C NePCOHANIbHBIM KOMNbIOMEPOM. YCmaHosKa npe-
docmasisienm 803MONCHOCb MEHAMb Y2ll08YI0 CKOPOCHIb 8ald HIeKMpoO0su2amens, CHUMAams U oopabamoléams noKa-
3aHUA MEH300aMYUKO8 C NpUMEeHeHUeM COOMBEEemcmayioue20 nPoepammHozo Komniekca. Hccredosano enusHue xo-
JUYecmea poauKo8 Ha HA2pY3KY 8 MeCmax CONPSN’CEHUs 36eHbed MeXaHusma, onpeoenieHsl Hauboiee ONMuUMAaibHble
VCA08USL C MOYUKU 3DEeHUs PABHONPOUYHOCIU OMOENbHBIX 36eHbES U 0Ce8020 pazmepa mexanusma. Ilonyuennvie 3a6ucu-
Mocmu nO3605I0M YCMAHOBUMb HAZPY3KY, 0CUCMEYIOWYI0 HA POIUKU IPHeKmUsHOU nianemapHol nepeoavu, u ¢
00CMAMOYHO BbICOKOLU CMENEHbIO MOYHOCMU OCYWeCHEUMb paciem ee Ha NPOYHOCMDb.

KaioueBble cioBa: IJlaHeTapHas nepeaada, poOJIMK, MEXAaHU3M, KO3(1)(1)I/IIII/IGHT HCPABHOMEPHOCTHU pPACHPCACTICHUS

Harpy3Ku.

Beenenne

JIAaHETapHbBIE TIepelaydl HallIH IIHPOKOe

pacmpocTpaHeHHe B KauecTBE BHICOKOHA-

IPYCHHBIX TPUBOJOB MAIllMH U MeXa-
HU3MOB [1, 2]. Pa3zpaboTansl HOBBIE, O0JIaatONIUe
MPEUMYIIECTBOM Tepe]] CYIIECTBYIOIIMMH KOHCT-
PYKIIMH TUIAHETAPHBIX TEpeaad ¢ AIEMEHTAMH T10-
BBIIIICHHOW MOJATIUBOCTH M POJIMKOBBIM MEXa-
HU3MOM Iepeaayn MoMeHTa [3]. DTO MO3BOJISIET
pacupenenuTh Harpy3Ky IO caTeJutuTaM Oolee
paBHOMepHO [4]. OnHAKO claeayeT UMETh B BHUIY,
YTO TIPH 3TOM MOTYT BO3HUKHYTh HEKeJaTelIbHbBIE
KoJie0aTeabHbIC SBJICHUS W BUOpPAIMH, 9TO HEOO0-
XOJIMMO YYUTBIBaTh MPH MPOCKTUPOBAHUM PAIIHO-
HaJbHBIX TUIAHETAPHBIX MEXaHU3MOB [5—8].

Jns monydeHuss OONBIIOTO TEPEeNaTOYHOrO OT-
HOIIICHNS HA TIPAaKTUKE WCIIONB3YIOTCS TIaHEeTapHbIE
MEXaHU3Mbl C BHYTPCHHUM 3allCIUICHHEM KOJIeC
Y MaJlol pa3HuIeid umcen 3yObeB (mepenavyd THIa

K-H-V no cucreme B.H. Kyzapssuesa). Hanbon-
el 3ppeKTHBHOCTHIO 00NIAIAI0T YCTPOHCTBA C PO-
JIMKOBBIM MEXaHW3MOM CHSTHS JBWKEHHUS C caTel-
muToB [9], obiamaromnie mMpyu MPOYNX PaBHEIX YCIIO-
BUSX  BBICOKMM  KO3()(UIIMEHTOM  TMOJIE3HOTO
nevicteus (mopsiaka 0,9...0,95). BaxrelimmMm moka-
3aTejeM NPOYHOCTH YKA3aHHBIX Iepeiad sBISeTCS
Harpyska, ICHCTBYMOIIas Ha POJIMKH CO CTOPOHBI
caTelsTiTa W JUCKOB BBIXOIHOTO 3BeHa. B pabote
[10] mpoBoamTCS SKCIIEpUMEHTATIHPHOE FCCIICTOBAHNE
JMHAMUYECKUX peakuii B TUIAHETApHBIX Hepenadax
C POJIMKOBBIM MEXaHM3MOM IIepeadd MOMEHTA.

B mHacrosimee BpeMst IpUMEHSIOTCS TaKkKe Iia-
HETapHble  paJualibHO-TUIYH)KEPHbIE  TepeiadH,
uMerole 0onee MPOCTYI0 KOHCTPYKIHIO 10 CPaB-
HEHHUIO C aHaJoraMd W YJIyd4llIeHHble Maccorada-
puTHBIC TIOKa3aTenu. B padore [11] momydueHsr 3a-
BUCHMOCTH 3HAUYEHUS YTJIIOBOH CKOPOCTH BBIXOJHO-
ro 3BeHa IUIAHETApHOW paJAHaIbHO-TUTYHKEPHOH
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repesavyd B BUjae rpaduyueckoil 3aBUCUMOCTH IIy-
TEM MOJCIHMPOBaHHUSA e¢ paboThl B cpede Siemens
NX Motion Simulation.

B pa6ote [12] u3m0XeHBI TEOPETUUECKHUE U DKC-
MIEPUMEHTAIBHBIE  TIOJIOKEHUSI  TTPOSKTUPOBAHUS
IJJAHETAPHOH POJIMKOBUHTOBOH Mepeiayu ¢ LeIbio
MOBBIIIICHUS TOYHOCTH COOTBETCTBHUS 3aJlaHHOMY
3aKOHY JBW)KEHHS M CKOPOCTHBIX MapaMeTpoB.
B pabore [13] paccmarpuBanoch BIUSHUE Tepea-
BaeMOr0 KpYTSIIEr0 MOMEHTA, PaJilalbHON CHIIBI,
OKa3bIBAIOIINX BIMSIHAE HA BBIXOJHOHN Bajl, M yTJO-
BOTO IOJIOKEHUS CATCIUIUTOB IJIAHETAPHOU Iepe-
nmaun Trma 2K-H 6opToBoro peaykropa myTeM mpo-
BE€ACHHA COOTBETCTBYIOIIUX SKCIICPUMEHTOB.

b-b

Hens padoTel — onpeneneHue cuil B 30HaX CO-
NPSOKEHUS. POJIMKOB M CAaTEJIUTA C YYETOM HETOY-
HOCTEH M3rOTOBJICHUS U COOPKHM, UX IKCIIEPHMEH-
TaJbHOE IOATBEPKACHUE.

Cuiibl B 30HAX CONPSIZKEHUs] POJMKOB

U CaTeJUIUTA MJIAHEeTAPHOIl Nepeaayu

€ POJIMKOBBIM MEXaHU3MOM

CHSITUSI ABUKEHHUS C CATEJVIUTOB

Ha pucynke 1 mokazad ponmKo3yOUYaThId TLTA-
HETapHbIl MexaHu3M tuna K-H-V.

[TokaxxeM cUJIBI B MECTaX COTPSIKCHUSI POTIUKOB,
CHUMAIOIIUX JABMXKEHHS C CATEIUTOB, C ITUCKAMHU
BBIXOJ/IHOTO 3BeHa (puc. 2).

-

A

Puc. 1. Ponuko3yOuaThlil miaHeTapHbld MexaHu3M TUmna K-H-V: 1 — skcueHTpukoBbiil Bai; 2, 3 — caTeuluThl; 4 — HEMOJ-
BHIKHOC LICHTPAJIBHOC KOJIECO; 5, 6, 7 — JUCKH, KECTKO COCAMHEHHBIC MEKAY C060I71 M C BBIXOAHBIM BaJIOM, 8- POJIHUKH, YCTAHOB-

JICHHBIC CBO6OI[HO B OTBEPCTHUAX CATCIUIUTOB U JTUCKOB

Fig. 1. Roller-gear type K-H-V planetary gear: [ - eccentric shaft; 2, 3 - satellites gear; 4 - fixed center wheel; 3, 6, 7 - disks
rigidly connected to each other and to the output shaft; & - rollers installed freely in the holes of the satellites gear and discs

a

Puc. 2. Cunpl B 30HaX CONPSKEHUS POJIUKOB
C CaTeJUIMTOM U BBIXOJJHBIM 3BEHOM

Fig. 2. Forces at the matching joints of the rollers
with the satellite gear and the output link

VYCcTaHOBHM CBA3h MEXIy CHIIOW P; B MecTax
KOHTaKTa j-T0 POJIMKAa C CATEJUINTOM U XapaKTepH-
CTUKaMH IUTaHETapHOTo MexaHu3Mma [ 14]:

P, =0,5bcOR sin o,

............................................... : (1)

n/2

ZPJ.Rsin[(p+(p(j—1)]=T,

J=1

I7ie 1 — KOJWYECTBO POJIMKOB OJHOTO caTeslinTa
nepeaayn; & — DIEMEHTApHBIA yroJl MOBOPOTa ca-
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TeNTUTa, 3aBUCAIMUN OT o0mel aedopmanmeit
B3aUMOJICUCTBYIOIIUX TEII; T = 275/ 71— YTJIOBOH Imiar

OTBEPCTHH caTeJIuTa MpH yCJIOBUU MX PaBHOMEp-
HOTO DACITOJIOKEHUS MO OKPYKHOCTH paamyca R;
T — MOMEHT, MepeJaBaeMblii OJHUM CaTEJIIMTOM
nepeqadn; ¢ — (aza B3aUMHOTO pa3MeIIeHUus
3BEHBEB IUIaHeTapHOro Mexanmsma (0 <@ <1); R —
BEITMYMHA paanyca OKPY>KHOCTH IICHTPOB OTBEp-
CTHUH caTeiuTa; ¢ — CyMMapHas yleiabHas XKecCT-
KOCTh B3aMMOJICHCTBYIOIIUX JJIEMEHTOB (pOJIUKA,
caTeJUINTa, JUCKOB BEIXOJHOTO 3BEHA); b — paboyas
JUTMHA POJIMKA B MECTaxX €ro CONPSDKEHHSI C caTell-
JINTOM.

3aBucumocTr (1) cocTaBieHbl IS TJIAHETAPHO-
ro MEXaHu3Ma ¢ OJMHAKOBOW MOTOHHOW Harpy3kou
B MeCTaxX B3aWMOJICHCTBUS POJIMKA C CATEILTUTOM
Y JUCKaMU BBIXOJHOTO 3BEHA IPHU YCIOBUHU, YTO
CyMMapHas TOJIIAHA TUCKOB PaBHACTCS JTUHE PO-
JIMKa B MECTE KOHTAKTa C caTe/uuToM b. JlaHHbIE
yCJIOBUSL OYIYT CaMbIMU ONTHMAJIbHBIMU C TOYKH
3peHus PAaBHONPOYHOCTH OTACIHHBIX 3BEHBEB
¥ OCEBOTO pa3Mepa MeXaHu3Ma. Takke MPUHAT BO
BHUMAaHHE TOT (PAKT, YTO B MPOLIECCE IKCIUTyaTalUU
MEeXaHM3Ma Harpy3Ky BOCIIPHHHMAET TOJBKO TOJI0-
BHHA POJIMKOB, ApyTas MOJIOBHHA paboTaeT Ha XO-
JIOCTOM XOTy.

3anuieM pemieHUe cucTeMbl ypaBHeHud (1)
B CJIEYIOIIIEM BHUJIE:

P Z/“Zsin[(p+r(j—1)] ‘ )

R;sinz[(p+r(j—l)]

Ha pucynkax 3—5 nokasaHbl KpUBbIE 3aBUCHUMO-
cu (2) npu n=4, n=6 u n=8, F, =P/.R/T.

Jannbie TpadmKy MOKA3bIBAIOT, YTO MPH yBeITHUYe-
HUU YHCIa POJIMKOB HAarpy3ka B MecCTaxX B3aUMO-
JIEHCTBYSI 3BEHBEB MEXaHHW3Ma CHHXKAaeTcd. OTO
OKa3bIBaeT MOJIOXKHUTEIHHOE BIMSIHUE HA CIIOCOOHO-
cti nepefauu. [lpu aTom mpu Bo3pacTaHUM YHCIa
ponukoB n ¢ 6 10 8 MakCMMalbHas Harpy3ka Ha
NepeIaToYHbId MeXaHu3M cHukaeTcs Ha 33 %.

Herounocti m3roToBneHust U cOOpPKU Tepemadn
MOTYT TMPUBECTH K H3MEHEHUIO B3aUMOJCHCTBU
MEXJly CHJIaMH, OKa3bIBAIOIIUMH BIMSHHE Ha PO-
JIUKH U COIpAracMble C HUMH 3JIEMEHTaMH MEXa-
HU3Ma.

B muane pacmpenenenuss Harpy3ok HauOomee
HEONArONpPUATHBIMUA SIBJISIOTCS CIydau, KOT/ia JAua-
METP POJIMKOBOIO 3JIEMEHTA, BOCIPHUHHMAIOIIErO
HauOOJBIIYIO0 TI0 3HAYEHUIO HArpy3Ky, OOJbliIe Ha
BeINUMHY AD MuaMeTpoB OCTATBHBIX POJIUKOB.

Torma cucrema ypaBHeHuil (1) mpumer cire-
JyIOUIUI BUA:

B, =0,5bcORsin g,

T= 0,5bc8R2nZ/2:sin2 [o+t(j-1)]+
Jj=1

+ O,SbcRADsin[(P +7(J, _1)}’

roe P,

jm

— cuia, JeiicTByromas Ha Hambollee Ha-

TPY’KEHHBIH POJIHK MPH 33JaHHOM HUX YHUCIIE A.
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Puc. 3. 3aBUCHIMOCTH OTHOCUTEJIBHBIX CHJI B 30HAaX CO-

OPSOKEHHS POJIMKOB UM CaTeJUTUTa OT (ha3bl B3aUMHOTO

MOJIOXKCHHUS ~ DJIEMEHTOB  Mepefadyu  npu  n=4:
~Bi-—== P

Fig. 3. Dependence of relative forces in the matching

joints of rollers and satellite gear from the phase of

relative position of the transmission elements at n =4 :
P — PR

Puc. 4. 3aBUCHMOCTb OTHOCHUTENIBHBIX CHJI B 30HaX CO-
MPSDKEHHST POJIMKOB M CaTe/uIuTa OT (ha3bl B3AUMHOIO
MOJIOKEHUS ~ DJIEMEHTOB  Iepejadn npu  n==6:

- P ———- _PZ*;_._._._. _p}*

1

Fig. 4. Dependence of relative forces in the matching

joints of rollers and satellite gear from the phase of

relative position of the transmission elements at n=6:
— P1*; - Pz*; e e e . 1:;*
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.....
e,

Puc. 5. 3aBUCUMOCTb OTHOCHUTENLHBEIX CHJ B 30HAX CO-
MPSDKEHUST POJIMKOB M caTeuiuTa OT (ha3bl B3aWMHOTO
TOJIOKEHHSI ~ DJIEMEHTOB ~ Tepenadyd mnpu  n=38§:
_______ _ p*-

20 3

Fig. 5. Dependence of relative forces in the matching
joints of rollers and satellite gear from the phase of rela-
tive position of the transmission elements at n=38:

wm ponuk — nuck (C, = E/4 [15]); C, — xecr-
KOCTh POJIMKA B COINPSKEHHH, COOTBETCTBYIOLIAS
MOJIOBHHE  €ro  aedopMaru  SJUTHITH3AINH,

_ [In(1+h/r,)] .
" 24(n8—1n)+n[n(1+h/r)]

LIMHA CTEHKHM DOJIMKA; 7, — BHYTPEHHHUH panuyc

— TOJ-

poJuKa.

JKCcnepuMeHTATbHOEe 000Py10BaAHME

U NIPpOBe/ieHNe IKCIIePUMEHTa

Jis 3KCIIepUMEHTANbHOIO HCCIIEIOBAHUS pac-
TIpeJIeIeHns] Harpy3Kd MO POJIMKaM C Y4YETOM IIo-
TPEIIHOCTeH M3TOTOBJIEHUS IUIAHETAPHOTO MeXa-
HU3Ma, UCNOJIb30BAJIaCh YCTAaHOBKA, MPEICTaBIECH-
Has Ha PUCYHKe 0.

Ucnonws3zyemas 1uiaHeTapHas Inepepada oOia-
JaeT CIEAYIOUIMMH XapaKTepUCTUKaMU: Iepena-

-PF,—-==——- —PB;—+—+—+—- — P} TouHOEe OTHomeHue i =>50; gnucmo 3yOheB caren-
"""" - B nura z, =100; 4ncno 3yObeB HEMOJBHIKHOTO IICH-
o TpajlbHOro Koisieca z, =102; Moxynb 3alemieHus
TCIOJa .
R m=1,5; BHemwHu nuametp ponuka D =29,8 mm;
F,=F T BHYTPEHHHH AuaMeTp ponuka d =26,8 mMM; mu-
1= A"si v, -1) pUHA POJIMKA B 30HE compsbkeHus b =20 MM; duc-
. 1= s1n[ (), — }
=A" +— ? Im sin[(p+r( Jj _1)} JI0O pOJIMKOB B oxHOM cateiunte n =4. CreneHsb
n
Zsin2 [ o+1(j _1)1 TOYHOCTH U3TOTOBJIIEHUS nepenayu 7-B.
= Ha pucynke 7 npencrapiieH rpaduk pacrpene-
. RADbc C.C JICHUSI OTHOCUTENIBHOM HArpysku ¢ =P, / P 1o
3nech A" =—-—; =—#r . C, — KoH-
2T C,+Cp 4eThIpeM ponukaM ( P, — MakcMMalbHas TEOpETH-
TaKTHAasl JKECTKOCTb CONMPSKEHUS POIHMK — CATEJUINT  yecKas HArpy3ka Ha poruk mpu A =0).
1 2 4 5 6
< B
8
1P
-~ il
AN B D
~ V7
i C: =
| .
N 5

Puc. 6. YcraHoBKa U UCIIBITAHHUS OCHOBHBIX ITapaMeTPOB UCCIEeNyeMOl muanerapHoi nepegauu K-H-V: I — snexrpo-
nBUratenb acuHXpoHHbIE AVUPM90L4Y3; 2 — tenzomerpudeckuii gaTauk kpytsmero Mmomenta DACELL TRD-20K; 3 — o6pasen
nepexayn tHna K-H-V ¢ polnKOBBIM MEXaHH3MOM CHSTHS IBIKCHUS C CaTeIUTUTOB; 4 — Bubponatunk AP2038; 5 — renzomeTpuye-
ckuil natunk kpyramero Mmomenra DACELL TRD-50K; 6 — snexTpomarautHsiii nopouikosslii Topmo3 MEROBEL FRAT-3500

Fig. 6. Experimental plant for testing the main parameters of the investigated K-H-J planetary gear: I - asynchronous
electric motor AIRM90L4U3; 2 - strain sensor of rotational moment DACELL TRD-20K; 3 - prototype of roller-gear type K-H-V
planetary gear; 4 - vibration detector AP2038; 5 - strain sensor of rotational moment DACELL TRD-50K; 6 - magnetic powder

brake MEROBEL FRAT-3500
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Puc. 7. CoOoTHOIIIEHHE OTHOCUTEIBHOM HAIPY3KH HA POJUKHU OT (a3bl 3aICIIICHUS KOJIEC:

———— - — 1-i1 ponuk; — 2-# poNuK; ‘

— 3-#f ponuk; — — — — —4-if poamk

Fig. 7. The ratio of the relative load on the rollers from the gearing phase of the wheels:

Skl - st roller; - 2nd roller;

W3 mpuBeneHHOW BBIIE 3aBHCHMOCTH BUJIHO,
YTO MIPH OMPEIEIEHHBIX 3HAYeHUAX (a3bl B3AUMHO-
TO TIOJIOKEHHSI 3JIEMEHTOB Tiepelaud Harpy3Ky Of-
HOBPEMEHHO BOCIIPHHHMMAIOT HE BCE POJHMKHU. Tak,
HampuMmep, B (aze 3amerwtenus koiec ot 0 mo 90°
pabotaroT 2-it u 1-it ponuku, ot 90 mo 180° — 1-i
u 4-#, ot 180 no 270° — 4-it u 3-1i u ot 270 go 360° —
3-ii u 2-i. [Ipu 3TOM MakcuMabHasi Harpy3Ka npu-
XOIWUTCA TocieaoBarensHo Ha 2-it (0 m 360°), 1-it
(90°), 4-i1 (180°) u 3-ii (270°) poTUKHA COOTBECT-
BeHHO. TakuM 00pa3om, IpHU YUCIIEe POJIUKOB, PaB-
HOM 4YeThIpEM, OTHOCHUTEIbHAS Harpy3Ka pacrpene-
JsieTcsl M0 POJIUKaM PaBHOMEPHO M TIOJIOBHHA W3
HUX paboTaeT Ha XOJIOCTOM XOIy.

BriBoabI

B pesynbTare BBIMOJHEHHBIX UCCIEAOBAaHUI
MOJKHO CJIEJIaTh CIIEAYIOINE BEIBOIBL.

1. B nepenaue ¢ poJIMKOBBIM MEXaHU3MOM CHSI-
TUA JABUIKCHHA C CaTCINIMTOB IIpHU BO3paCTaHUU
qrclia POJIMKOB # ¢ 6 10 8 MakcHMallbHas Harpy3ka
Ha COMpATaeMbIE DIIEMEHTHI Iepefadll CHIKAeTCs
Ha 33 %. [Ipu sToM Haubornee HeONIATONPUSTHBIMH
B IUTAHE PACHpPE/ICIICHUSI HArpy30K SBISIOTCS CIy-
YyaW, KOrJa JUaMeTp POJMKOBOTO 3JIEMEHTa, BOC-
MPUHUMAIONIETO HAaWOOJBIIYI0 N0 3HAYCHUIO Ha-
Tpy3Ky, Oonbiie Ha BenmnyuHy AD AHaMeTpoB Oc-
TaJIbHBIX POJIMKOB.

2. IIpn gmcme ponukoB #n =4 kodddunment He-
PaBHOMEPHOCTH paclpeelieHHss Harpy3KH 10 po-
JIUKaM, OOYCJIOBJICHHOW MOTPEIIHOCTMU H3TOTOB-
JeHusl Tiepenaun, He mnpesbimaer 1,14, Pasmepsl

- 4th roller

pabodrx TOBEPXHOCTEW POJIIMKOB U OTBEPCTHH CO-
MpSTaeMBIX C HAMH JETaJieil BBIMOIHSAIOTCSA C JO-
ITyCKaMHU, COOTBETCTBYIOIIUMU 6-7-My KBAJTHTETAM.

[Tony4yeHHble 3aBUCUMOCTH MO3BOJISIIOT yCTaHO-
BHTH HArpy3Ky, JEHCTBYIOIIYIO Ha POJUKH I dhek-
TUBHOM IUIAHETApHOW Iepenayu, U C JI0CTATOYHO
BBICOKOM CTENEHBIO TOYHOCTH OCYILECTBUTH PacyeT
€€ Ha IPOYHOCTbD.
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Research of Load Distribution on Rollers of the K-H-V Planetary Gear

L A. Pushkarev, Post-graduate, Kalashnikov ISTU, Izhevsk, Russia
A.V. Ovsyannikov, PhD in Engineering, Glazov Institute of Engineering and Economics (branch)
of Kalashnikov ISTU, Izhevsk, Glazov, Russia

The results of an experimental research of the load distribution on rollers are given, taking into account the manu-
facturing error of the K-H-V planetary gear.

According to the classification by V.N. Kudryavtsev, K-H-V planetary gears have many advantages over their ana-
logues, but their use is reduced due to the presence of a torque transmission mechanism. The design of a planetary
gear set with a roller mechanism for transmission of torque is simpler than with a link mechanism and has a higher
efficiency. However, despite all the advantages of planetary roller gear, it is not well represented in published studies.

One should take into account that during the operation of the K-H-V planetary gear with a roller mechanism for
transferring torque, only half of the rollers take the load, the other half is idling. At the same time, with an increase in
the number of rollers, the maximum load on the transmission mechanism can be reduced. Also, with a certain number
of rollers, the coefficient of uneven distribution of the load in the gear meshing is reduced.

Errors in the manufacture and assembly of the gear can lead to a change in the ratio between the forces that affect
the rollers and the elements of the mechanism mating with them. Therefore, the analytical dependences took into ac-
count the most unfavorable cases in relation to the distribution of loads.

A description of the experimental setup connected with a personal computer is given. The installation provides the
ability to change the angular speed of the electric motor shaft, to take and process the readings of the load cells using
the appropriate software package.

The influence of the number of rollers on the load at points of mating of the links of the mechanism was investi-
gated and the most optimal conditions were determined from the point of view of the equal strength of individual links
and the axial size of the mechanism.

The obtained dependencies make it possible to establish the load acting on the rollers of an effective planetary
gear, and calculate its strength with a sufficiently high degree of accuracy.

Keywords: planetary gear, roller, mechanism, unbalance factor.
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