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AHAJIUTUYECKOE MOJIEJIMPOBAHUE U ITIPOYHOCTHOM PACYET SMULMKJIA
IIJIAHETAPHOI'O PEAYKTOPA

Ipennoxena u anpobupoBaHa METOAMKA IPOYHOCTHOIO pacyera 000/a SMUIKKIA KaK 3aMKHYTOr0 KOJblia O0JIbIIOi KpUBHU3HEL PazpaboraH anroputm
Pa3eIbHOr0 MOJICIMPOBAHNS IIIOCKON M IPOCTPAHCTBEHHOH (hopM 1ehOpMUPOBAHS KOJIBLIA, TO3BOJIMBIINH ITOTY4UTh JOCTATOYHO IPOCTHIE POPMYJIBI
JUI pacyera ACHCTBYIONIMX B CEYEHHH 000/1a BHYTPEHHHUX YCUIMI W HANMPsDKEHHUH. J{OMyCTHMOCTD U /IeKBATHOCTb HPE/TIOXKEHHBIX MOJIENIEH 0 TOY-
HOCTH 000CHOBaHa IPHMEHEHNEM MOMEHTHOI TEOPUH 000JI0UEK, @ TAKXKE COMOCTABICHUEM PE3YIIbTATOB AHATMTHYECKOTO PAcyUeTa SIHUIUKIIA IIJIaHETa-
PHOIT mepeia4n KoJIecHoro peaykropa Raba 118/76, npuMeHsieMOro B COCTaBe TPAHCMHCCHUH TPOJLICHOYCOB, C pe3y/ibTaTaMi KOHEYHO-IJIEMEHTHOTO
MOJICITHPOBAHHUS B IPOrPaMMHOM Komiuiekce Autodesk Simulation. Y cranoBneHo, uto 060 smunukia [TKP mogsepraercs mukiinaeckomy 1ehopMupo-
BaHHUIO IPH KOG PUIMEHTEe aCHMMETPHU [IHK/IA HANPSDKEHUI Ha BHYTpeHHeH moBepxHocTd R; = —1,58. Takoil xapakrep HAarpy»KeHHs! OATBEPIKIACT
AKTyalIbHOCTb YTOUHEHHBIX PACUETOB AIIUIUKIIA HA IUKIHIECKYIO IPOYHOCTD C YUIETOM HECTAIIMOHAPHOCTH PEKHMOB HArPY)KEHUs Iepeiad B COCTaBe
TPAHCHOPTHBIX M SHEPTETHYECKHX MAIINH, a TAKXKE HEOJHOPOAHOCTH HAPSHKEHHOTO COCTOSHUS 000/1a B 00JIaCTAX 3yOUaThIX 3allEIUICHUI 1 COeIHE-
HUS C KOPILYCOM.

KiroueBble cj10Ba: 3y04aToe 3aleIUICHIE, IUTUIIEBOE COSUHEHNE, aCHMMETPUYHAS CUCTEMA HAarpy30K, 3aMKHYTO€ KPYTOBO€ KOJIBIO, INTOCKHI
1 IIPOCTPAHCTBEHHBIH BUIBI 1€)OPMUPOBAHUSL.

3anpornoHOBaHO i ONPaIbOBAHO METOAMKY PO3PaxyHKY Ha MilHICTh 000y MilMKITY SK 3aMKHYTOTO KiJIbIsi BEJIMKOI KpUBUHU. Po3pobiero anropurm
PO3ILIFHOr0 MOZAEIIOBAHHS IIOCKOI Ta IPOCTOpoBoi (Gopm aehopMyBaHHS KiIbLL, 110 3a0€3MEUMI0 OTPUMAHHS HPOCTUX (HOPMYIT U1 PO3PAXYHKY
JUIOYHX y riepepisi 0001y BHYTPILIHIX 3yCHIIb Ta HAaNpy»KeHb. J{omyCTHMICTb Ta aleKBaTHICTb PO3POOICHUX MO/IEIEH 3a TOYHICTIO OOIPYHTOBAHO 3aCTO-
CYBaHH;IM MOMEHTHOI TeOpil 000JI0HOK, a TAKOX CITIBCTABIICHHSIM PE3yJIbTATiB aHATITHYHOTO PO3PAaXyHKY MUKy IIIaHETapHOI epeaadi KOIicHOro
penykropa Raba 118/76, 10 BXOAUTH [0 CKIagy TPAHCMICIi TponeiOyciB, 3 pe3yabTaTaMy KiHI[EBO-€JIEMEHTHOTO MOJICTIOBAHHS B IPOrPAMHOMY KOM-
wiekci Autodesk Simulation. Beranosieno, mo o6ia eninuxiry ITIKP ninnaerscst nuxiaiyaoMy aedopMyBaHHIO IIpy KoedillieHTi acuMeTpii UKLy HApy-
JKeHb Ha BHYTpiIHIM noBepxHi R;=—1,58. Takuii xapakTep HaBaHTaXKCHHS MiATBEPKYE aKTyaIbHICTh yTOUHEHNUX PO3PAXYHKIB €MILUKITY HA HUKIIYHY
MIIIHICTb 3 ypaxyBaHHSIM HECTAI[lOHAPHOCTI PEXKUMIB HABAHTA)KSHHS [Iepe/iad y CKJIa/{i TPAHCIIOPTHUX | eHEPreTHYHUX MAIIKH, a TAKOXK HEOJHOPIJHOCTI
HAIpPy>KEHOTr0 CTaHy 0007a B 00/1aCTIX 3y04acTUX 3a4eIUICHb 1 3'€JHAHHS 3 KOPIIyCOM.

Koro4oBi cioBa: 3y0uacTe 3a4eIuIeHHs, IIUIIbOBE 3’€IHAHH, ACHMETPUYHA CUCTEMA HABAHTAXXECHb, 3AMKHYTE KPYIoBe Kilblle, INIOCKHUI1 Ta 1po-
CTOPOBUIA BUIM Je(OPMYBaHHS.

The technique of strength calculation of a rim of an epicycle as closed ring of big curvature is offered and approved. The algorithm of separate modeling
of flat and space forms of deformation of a ring which has allowed to receive rather simple formulas for calculation of the internal efforts and tension
operating in the section of a rim is developed. Admissibility and adequacy of the offered models on accuracy is proved by application of the moment
theory of covers, and also comparison of results of analytical calculation of an epicycle of planetary gear of a wheel gearbox of Raba 118/76 applied as
a part of transmission of trolleybuses with results of final and element modeling in the program complex Autodesk Simulation. It is established that the
rim of an epicycle is exposed to cyclic deformation at coefficient of asymmetry of a cycle of tension on an inner surface of R; =—1,58. Such nature of loading
confirms relevance of the specified calculations of an epicycle on cyclic durability taking into account not stationarity of the modes of loading of gears as a
part of transport and power vehicles, and also heterogeneity of a tension of a rim in areas of toothed gearings and connections with the case.
Keywords: toothed gearing, a splined joint, asymmetric system of loadings, the closed circular ring, flat and space types of deformation.

Beenenune. AKTyalIbHOCTD 3a1a4M. [3BeCTHBIC ITpeU-
MYIIECTBA IDIAHCTAPHBIX 3yOUaTHIX mepenad (BBICOKas Ha-
rpy3o4Has crioco6HocTh 1 KI1/] 61arogapst MHOrOIIOTOYHO-
CTH U BHYTPSHHEMY 3aICIUICHIIO, COOCHOCTH M OOJIBIIIHE Tie-
penaToyHble OTHOLIICHHUS IPH MEHBIINX TrabapuTax 1 Macce),
00yCIOBIMBAIOT UX IIHPOKOE MPUMEHEHHE BO BCTPOCHHBIX
IPUBOJIaX COBPEMEHHBIX TPAHCIOPTHBIX WU dHEpreTude-
CKMX MAIIFH. DKCIUTyaTalis B IEPUOJ Pa3TOHA-TOPMOKE-
HUS MAaIlTMHBI Ha HU3KUX 9acTOTaX BpallleHUs IpH [eperpy-
3Kax 10 YPOBHIO HATPY’KArOMETO MOMEHTA, a TaKXKe IIHK-
JIMYECKUN XapakTep ICHCTBYIOMMX HANpsHKEHUN HpPUBO-
JIIT K TIPEXKICBPEMEHHBIM Pa3pyIICHUSM JICTaJeH U Y3708
MPUBOJIA, B TOM YHucie 00oma smunukia [1-5]. Obecneue-
HUE HEOOXOIMMOTO YPOBHS HA/IC)KHOCTH H TOJITOBCYHOCTH
STUIMKIIA YCIIOKHSIETCS B CBS3U C HEOOXOJMMOCTBIO Mapa-
METPUIECKON ONMTHMH3AINN KOHCTPYKIINN OJHOBPEMEHHO
MO JIBYM KPUTCPHUSIM — MPOYHOCTH M KECTKOCTH, C IEITHIO
TIOBBIIICHUS] HATPY30YHOH CITOCOOHOCTH TIaHETapHOI T1e-
penaun myTteM HamOoJiee PaBHOMEPHOTO pacrperieieHUe
Harpy3Kd MeX[y caTeJutnTamu [6—8].

®dopma SMUIUKIIA — KOPOTKUE TOHKOCTCHHBIH IIATHHIP
C BHYTPCHHUMH 3yObSIMH — OTIpEIeIISICT BHIOOP BO3MOKHBIX
pacyeTHBIX Mozened. B coBpeMeHHO! TpaKkTHKe pacueToB
JieTasieii MamuH (TOIIUITHIKOB KauyeHNs, TIOPIITHEBBIX KO-
JIeTl, CTYNWII W APYTHX KOJIBIIEBHIX SJIEMEHTOB) HamOoiee
pacnpocTpaHeHa MOJEINb KOJIbIa, OCHOBHBIM OTpaHHYEHHEM
MPUMEHEHHUS KOTOPOH TSI pacueToB SMHUIHMKIA SBISCTCS

YCJIOBHE O HEM3MEHHOCTH (POPMBI OCEBOTO CCUCHUS B MPO-
necce aeopmupoBanus [1]. [Ipu 3TOM U3BECTHBIC pacyeT-
HBIC MOJICIIH JJIsl KOMIIOHEHTOB JiehopMaInuii 1 BHYTPEHHUX
CHIIOBBIX (hakTOpoB 00072 AMUIMKIA "TUIaBaromei” KOHC-
TPYKLIHMH HE 00CCIEUHBAIOT YUET aCHMMETPHH HATPYKEHUS
000/1a CO CTOPOHBI BHYTPEHHETO 3aLICTUICHUS ¥ IUTHIIEBOTO
COEIIMHEHUS ¢ KOpITycoM penykTopa [8—10].

[ocranoBka 3amauym. OUHIMKI C BHYTPCHHHMH
3yOBsSIMH 1 IHaMeTpoM OoJIbIIMM, ueM JutnHa (D > b) Mo-
JETUPYEeTCs KOJBIIOM, HAarpy>XCHHBIM BpAIIaiolIM MoO-
MeHTOM 7 B 3y0UaThIX 3alleMICHUSIX C CaTeIUIUTAMU U pe-
aKTHBHBIM MOMEHTOM Ha numnax. OkpykHas F; u paana-
neHast F; mpoeknuu cui Fy,; B i-M 3yOuaToM 3alleIyICHUN
OTIPEACIAIOT COOTBETCTBYIOIINE TAHTCHIMAIBHBIE W pa-
JIuanbHble fedopmarin (puc. 1). AKTUBHBIC HATPY3KH ypa-
BHOBCIIMBAIOTCS CHIIAMH P,; Ha KaXXJIOM U3 IIUTHIIOB COCIIH-
HEHMS STIMIIMKIIA C KPBIIIKOK KopIyca penykTopa (puc. 2).

Paccmotpena ¢asza ogHOMapHOTO 3alCIUICHUS Ca-
TEJITTUTOB C ATUIUKIOM, IPU 3TOM COCPEIOTOUCHHEIE CHITBI
F,; mputoxeHs! B Tiomoce 3arermenus. Lnumst ssrorest
MPOJIOJDKCHUEM 3BOJILBEHTHBIX 3yObEB C HE3HAYMTEIHHO
YKOPOUCHHOHM BBICOTOH. B Mpenmonoxkennu o OJIM3KOM K
PaBHOMEPHOMY pacHpefeNICHUH Harpy3Ku MEXAy IITH-
[[aM{ PacueTHOE KOJIMYECTBO HATPYKEHHBIX HITUIIOB MPHU-
HATO N, = 64. Bee Harpysku u gedopMariuy IpUBEICHBI K
CPEIMHHOM MOBEPXHOCTH CTEHKH 3MUIMKIA. Pacmpenene-
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HHE HATPY30K qni = Fyi/ a, p,j= Pyj/ a) 0O IJIMHE KOHTAKT-
HBIX JIMHHH HPHHITO paBHOMepHbIM. Hauano koopauHat
pa3MeIeHo nocepeauHe MUPUHEI b snunukia, ocu OX, OY
— B INIOCKOCTH CUMMETpPHUH. PaguanibHbie U OKpyKHbIE IPO-
eKLUH HarPY30K ¢y ¥ pPpj OLIPEIIeHBI 10 HOpMysIaM

4y = 4pi ~COSA,y,,

Dt = Py -COSQy,,

qri = 4ni 'SiIl(X,w; } (1)

Py = Dy -SINQ,,,

rae o, — yroj 3auerjieHus.

Puc. 2 — PacuetHble cXeMBbl Harpy>keHUs 3yObeB
LIIHLEBOTO COSTUHCHUS

PacueTHpIc Harpy3Kd B KAXKIOM W3 3y0UaThIX 3alleIiie-
HUH OTIpeNeNITtoTes BparatonmM MomeHToM 7p=4023 H-m.
COOTBETCTBYIOIINE 3HAUCHNUS PAHANBHBIX U OKPYKHBIX CHIT
F,i = Fysino,, = 6183 H, Fj; = F,cosa, = 13090 H. Ilne4o
CHJIBI F;j OTHOCUTEIBHO CEPEANHBI CTEHKH SIHUIUKIIA PABHO

hr= (0,58 + hi— m) = 8,55 MM, cocpenoTOYEHHbIE MO-
MeHTHI oT cun Fy, M= M = Fyhr= 112 H-M. 3nauenus

PEaKTUBHBIX YCHIMH Ha KQKIOM M3 IMIOoB P,;=— 608 H,
P,;=287H, M;=5,25 Hm.

Pacuernbie Monmesan. PaspabaTeiBaeMble MOIENH U
QITOPUTM pacyera pean30BaHbl Ha IPUMEpPE KOHCTPYK-
UM DSIHOUKIA I[UIAHETApHOTO KOJECHOTO pemayKTopa
(ITKP) Raba 118/76 (tadn. 1-3), mpuMeHsIEeMOT0 B TpaHC-
muccusx Ttpoiueiidycop IOM3-T2, -T1 ykpauHCKOro
[IPOM3BOJCTBA. Marepua SIUIMKIA — HU3KOJIETUPOBAaH-
Has ctasb 30XT'CA, TepmMooOpaboTKa — yIIydIIeHHE.

Tabmuma 1 — OCHOBHEIE pa3Mephl YIIUINKIA, MM

Jlnametp Paguyc
Pasmep Jlnusa| Hapyi- | nemmre- cpenus. | Tonmuua
HEL TeEEGE | TOBEPX- | CTEHKH
HOCTH c
Ve 0603H. b D d: Ro )
3HaueHHne 97 244 217 117,5 9

Tabmmma 2 — [TapameTps! IPsIMO3yOOTO 3aleIIeHHS

Monyns, |Yucno |VYron 3a- Cateanmo!
ITapametp AYAb, Kon-Bo | upuna,
MM 3yOBbeB| IIeIm. MM
VYen. 0603H. m Ny O N a
3HaueHue 3,25 64 25°17 3 60

Tabmuma 3 — [TapameTps! 9BOIGBEHTHOTO IITHLIEBOTO COCMHEHHS

Yucno | Jnuna,
ITapamerp 3y6bes MM Juamerp, mm | Pannyc, Mm
VYcin. 0603H. N ai ds Ro
3HaueHune 64 22 220 117,5

Jlns ympoIneHus METOINWKH pacueTa W aHain3a pe-
3yJIbTaTOB IJIOCKUIT M IPOCTPAHCTBEHHBIH BUBI edopmu-
POBaHUS NPUHATO Pa3fesTh U MOACIHPOBATH OTACIHHO
[1]. Anroput™ (hopMHpPOBaHUS pacdETHBIX MOJENICH OCHO-
BaH Ha JKBUBAJCHTHOH 3aMeHe NEHCTBYIOIIEl CHCTEMBI
Harpy30K KOMIIOHCHTaMH CHMMETPHYHBIMHI 1 KOCOCHMMe-
TPHUYHBIMH OTHOCHUTEIBHO CPEAMHHOH IUIOCKOCTH XOY
(puc. 3). UcxomupiMu amst pa3paboTKH aJropuTMa IpH-
HATHI CICAYIOLINE MOJOKECHUS: SMULUKI AehopMUpyeTcs
HECHMMETPUYHO OTHOCHTEIPHO CPECOMHHOM IUIOCKOCTH
XOY; Harpy>keHUE CO CTOPOHBI CATEJUIUTOB CMEIIECHO K JIe-
BOMY TOPILY; IITHIIBI PACIIONI0KEHBI M HATPYXKAIOTCS Y Ipa-
BOT'O TOpIIA.

L _ T  —— _
v_lﬂ lir' — D
‘ N a_ q!! ‘——I'—" j%
| qt: ‘ ;_E%IL—_“_— a ? !‘_"!
A —l—ll—li— __1~5], XYV iViyvy M_v_@ —E——i— —t -
2 M Z |.2a-b /2 ./2
i r; PG/2 dn 91:/2 ! P2 '4|]“
& vII iy A N N
Y '_'b_'_ﬂi'Tl;M?? 23
b ~a -a b
e
a 6 ¢

Puc. 3 — Anroputm (hOpMHUPOBAHHUS PACUETHBIX MOJIeNIeH HAarpy>KeHUst 000/1a SIHIMKIIA:
a — cXeMa aCUMMETPHYHON CHCTEMbI HArPy30K ¢si, Py HA OJIUH U3 3yObeB; 6 — SKBHBAJICHTHAS 3aMEHA OKPY>KHOH aCUMMETPUYHON
Harpys3Ku ¢:; CHMMETPUYHOM U KOCOCUMMETPUUYHOM KOMIIOHEHTAMU; 6 — YKBUBAJICHTHAS 3aMEHA ACUMMETPUYHOM HArpy3KHU pjy
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IIpu cuMMeTpUYHOM Harpy)KEHHHU SMUIHKIA OTHOCHU-
TeNbHO wiockocTH XOY umeet Mecto mitockui nu3rud (Ihn).
V3 ycinoBust paBHOBECHS SIUIMKIIA CIEAYET

3 64 3 64
D Fi+Y P=0u>M+>M =0
i=l1 j=1 i=1 j=1

[Tnockuii m3rud 0601a SMUIKUKIIA 00YCIOBIEH TOIBKO
panuaIbHBIMU CHIIAMH, [IPUJIOKEHHBIMU B TOUKAX CPEIIUH-
HOU moBepXHOCTH AuameTpoM Do = 235 mm. B pesynbrate
pacueTHas cxeMa 000/Ja pecTaBiIeHa B BUJIE 3aMKHYTOI'O
KOJIbLI4, HArpy>KeHHOM IUKIMYECKH CUMMETPHUYHO HpOU-
3BOJIBHBIM KOJIMYECTBOM paiualibHbIX cuil F (puc. 4).

Puc. 4 — Cxema NUKIHYECKH CHMMETPHUIHOTO
HATPYKEHUS KOJIbIIA PaJHATBHBIMA CHIIAMH

[Tnockas 3aa4a Juist 3aMKHYTOT'O KOJIbLIA SIBJISIETCS Tpe-
XKpPaTHO CTaTUYECKH HEOIPeaeuMON. st pacKpeiTusi He-
OIPEEUMOCTH MPUMEHEH KaHOHMYeCcKUd Metox cui. Ko-
JBLO Pa3pPEe3aHO B CEUCHUH C OKPYXHOM KOOpAMHATOH @ = 0,
/e TIPIJIOKEHBI M3TNOAIOMNA MOMEHT X1, OKPYKHAs CHJIa
Xy 1 omiepeuHas cuina X,3. 3a1aHHbIe CHbl F; 1 Py 00ycio-
BJIMBAIOT HArPY>KEHHE 3yObEeB HA yYaCTKax 3allCIVICHUS (WH-
JIEeKC f) W coenuHEHUS (MHIEKC §) C COOTBETCTBYIOILIHM
YTJIOBBIM IIaTOM

M=2m/3; A=m/32. 2)

Cunel pacnoiokeHbl CHMMETPUYHO OTHOCHTEIBHO
mvHAE paspesa ¢ = 0, cinenoBarensHO, Xp3 = 0. OcransHble
YCUIHUS ONPENEIIAIOTCS 3aBUCUMOCTAMHU

177 1
X, = - J.Mp ((P)(E + cos (pjd(p; 3)
0
21
X :L I M () cos pdo “)
p2 TCDO : 14 5

rae  M,(9)— nzrubaromuii MOMEHT OT BHEIIHUX Harpy30kK
B MPOU3BOJILHOM CEUEHHH C YTIIOBOI KOOPIUHATON @.
IMocne onpenenenust QyHKIMU M,(@) N BBIYHUCIICHHS
naTerpanos (3), (4) momydaeHO

1 1) F

S E——" =5
2sin(A/2) A P27 2sin(Ah/2) )

X, =FR,

3aBrcuMOCTH (5) ONpeACTSIOT H3THOAIONIA MOMEHT
Y OKPY’KHYIO CHITY B T. B HayaibHOTO ceueHus 000/1a.

[uxmideckast CHMMETPHS PAaCHETHOM CXEMBI TO3BOJISIET
OTPaHUYUTH BBIYKCIICHAE BHYTPCHHHUX YCHIIHHA CEKTOPOM
06oma 0 <¢p <\/2 ¢ yriossiMu pazmepamu (2). B mociemyro-
IIMX pacueTax MCHOJIb30BaHbI H3BECTHBIC opmyiis [11]:

— JIUTS U3THOATOIIEr0 MOMEHTA

cos 1

M, = FRy| —>% __—
T 2sin(h/2) A

; (6)

— IUIs1 OKPY>KHOM CHJIbI
Fcos
-1 %
2sin(A/2)
— JUIsl IOIIEPEYHON CHIIbI
Fsin
- ®)
2sin(A/2)

PanmanpHble CUIIBI B 3alIETJICHUN IIPY BPALICHUH Ca-
TEJJTUTOB CO3JaI0T B 0001€ AMHUUUKIA U3THOAIOIUN MO-
MEHT M,, usMeHstouuiics uukinyecku. B Ttouke B npu
¢ = 0 3Hauenue M,> 0, cienoBaTenbHO, 0001 M3rndaETCsI
BBIIYKJIOCTHIO BHYTPb, 4 HAPY)KHBIE BOJIOKHA CKUMAIOTCS
(puc. 5, a). B touxe A npu ¢ = 0,5\, = n/3 000/ usrudaercs
BBIIYKJIOCTBIO HapyKy, U3rUOAIONINA MOMEHT IIPUHUMAET
OTpHIATENFHOE 3HAUYeHHEe, MAKCUMAIbHOE 10 a0COIIOTHOM
BenuauHe. CHHXPOHHO JIEHCTBYIOT CHJIBI B LIUTUIIEBOM CO-
€/IMHEeHUH, LIar KOTOPBIX Ay W 3HaueHus P, HeBenuku. B
pe3yibTaTe MakCUMalbHble 3HAYE€HHs W3rMOAloIero Mo-
menra M, (puc. 5, 6) ot cun P,;, cocrasisitor 0,2% oT coo-
TBETCTBYIOIIMX 3HaueHud M. [lomoOHoe cooTHOLIEHUE
YCTaHOBJICHO H U nonepeuHsix cun O u O (Ha puc. 5, 6
rpaduk cuibl Qs He NOKa3aH BBULY MAJIOCTH 3HAYSHHUH).

My,
Ho
4]] 4
0 T T T T
1 02 04 04 ng @, pam
T
-80
-120
a
M, _‘N—\\
Hon
0,05
0 :
0,01
—D,l-
-0,24

NN 1
QI: H_ ]
2
2000 4 3
1000
1] T T T T T
1] 02 0.4 06 0.2 ¢, pan

6
Puc. 5 — I'paduku ycunuii B 000/1€ SMALMKIA TIPH TFIOCKOM
neopMUpoBaHUK: a — MOMeHTa M((); 6 — MomeHTa Ms(¢);
6 — cut N(@) n O« ¢) B 3auemnnenusx (kpussie 1 u 3)
1 B UUMieBoM coeauaenun Ny() (2)

3HaueHUsT OKPYKHBIX CHJ HaXOJTCS B JIHANa30HaX
1785 <N;<3570 Hu 2925 < Ny<2921 H (puc. 5, 6). I'padux
Ny(9) = const yka3pIBacT Ha IIPAKTUICCKH PABHOMEPHOE pa-
CTshKeHHe 00071a Ha y4acTKe IUTHLIEBOTO COCIMHECHUS.
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BryTpennne ycunus B 0601e oT Harpy3oK F.u Py, cy-
mMmupyrotes: My= M, + Ms, No= N, + N;, O =0+ Q.

[omnyueHo: B 1. 4 ipu ¢ = /3 My(n/3) =—-137,4 H-m;
N4=4710H; Q==+ (F,+ P,)/2=+3235 H; B T. B npu =0
My(0)=72,7H-m; N3= 6491 H; 0 =0.

VcTaHOBIICHBI OKPYKHbIC HAIIPAKECHHUS HA [IOBEPXHO-
CTAX 060,[[& B IUAaMETPATIbHBIX CCUCHUAX, IPOXOAAIUX YC-

pe3 Touku 4 u B, npu miockoi pedopmaryu:

()
w _, 6M]
oy =% >
bs

6M P
o8 = b _
Oy = _F = i55,5 MHa,

=+104,9 MITa, ot = % =5,4 MIla;

o\P _Ns _ 7,4 MIla.
bd

IIpu nocTosiHHON BHEUIHEW Harpy3Ke OKpYXKHbIE Ha-
IPSDKEHUS. MEHSIOTCSI HA BHYTPEHHEH U Hapy>KHOM [IOBEpX-
HOCTSIX IIpH BpAILEHHWW CATEUIMTOB B JMana3oHax: (—
99,5 <6 <62,9) MIla u (48,1 < 6;<110,3) MIla. Kaca-
TeJIbHbIE HANPSDKEHUs, 00yCIIOBIEHHbIE cuilaMu (), Ha 1o-
PSAIOK MEHBIIIE OKPY)KHBIX HanmpspkeHui (t=4,8 MIla).

IIpocrpancrBennas ¢opma wn3ruda onpenpesseTcs
Harpy3kam, HepIeHANKYSIPHBIMH CPEIMHHOM INIOCKOCTH
KoJbla. B o0mmem cirydyae 310 Cleayronme cocpeaoToYeH-
HBI€ HAarpy3Ku: oceBble CUilbl G, MOMEHTHI V' B IIIOCKOCTSX
KacaTelbHbIX K KOJIBIy 1 MOMEHTHI VB AMaMETpalbHBIX
IUIOCKOCTSIX (pHC. 6).

Puc. 6 — Mojenb Koiiblia, HArPYKEHHOTO B INIOCKOCTSIX,
HEepHEeHJUKYJISIPHBIX CpeJUHHON 11ockocTd XOY:
a — BHEIIIHee HaTrPY)KeHUe; O — BHyTPEHHUE YCHIIHS

BHyTpennue ycunus B cedeHnn ¢ = () onpenensirores
10 U3BECTHBIM (opmyam [11]

N N N
X =R GG+ D VG W)+ D Wiy (hy);
i=1 i=1 i=1
N N N
X =Ry Y Gl M)+ D Viloy W)+ D Wy (W) (9)
i=1 i=1 i=1

X, =2i{ im +—§W}

rae
}usmk Acosh+sinh
CigM) = s Sy W) =—FT
21
ksmk cosh
Ciw (W)= + 5
27 (I+k,)m (10)
AcosA—A cosA—AsinA—1
CopgN)=—T"; N =TT
2 2n
ACOSA sin A
Lo () == 2522 :
27 (I+kp)m

YcranoBiieH 00001EHHBIH KO3 QUIIMEHT )KeCTKOCTH
ky IS CeYEHUS KOJIbLIA MIPSMOYTOJIbHOU (hOopMBI Oxb B BHIE
E,J,

b +82
k
S TE

T2+ b

an

rae Jx, Jp— OCEBOU U IOJSPHBIA MOMEHThI HHEPLUY;

E., E,, n—Monynu ynpyrocty ¥ kod¢duuunenr [lyac-

COHA TSI MaTepHralia SMUIIKIIA.

JIunus paspesa snunukia ¢ = 0, kak ¥ B INIOCKOM Ba-
pHaHTe 331249, IPOBEAEHA IT0CEPEIUHE MEKIY HaIPyKeH-
HbIMU 3yObsiMH. B cHy CHMMETpUHM PacYeTHOW CXEMBbI
X3=0. Aprymenr B ¢popmynax (9) A== (2i — 1) / N, npu-
yeM s 3yOuathix 3anerienni 1 < [ <3, mis DUIMueBoro
coequHeHNs | <i<64. Benmuunsl kaxnoil u3 Harpy3ok G,
Vi u W; He 3aBHCAT OT HOMEpPA UHIEKCA i, CIIEJOBATEIbHO,
BBIHOCSTCS 32 3HAKU CyMM (10), 17151 BEIYHCTICHUS KOTOPBIX
HCII0JIb30BaHbI U3BECTHBIE popmyisl [12].

st cusioBbIX (pakTOpOB, NEHCTBYIOMINX B HAYAIBHOM
ceueHuu o6oaa @ = 0 B 0011eM cityyae HarpyXeHust ¥ po-
CTPaHCTBEHHOI (hOopMe HUKINYECKH CHMMETPHUYIHOTO Jie-
(hopMUpOBaHHS, ITOJTyYICHBI 3aBUCIMOCTH

W-GR,
2sin(n/N)’

sl —
(12)

XS2=—l GRyN +V ﬂ—; .
2 n 2sin(n/N)

Jist smunukIIa ¢ npsamMbeiMu 3yobsmu G=0.

AHanm3 HanpsHKEHHOTO COCTOSHHUS SITUIIIKIIA BBITION-
HeH B cekrope 0 < ¢ < A/2. PaccunTanbl MOMEHTHbIE
HATPY3KM B KacaTCIBHBIX M JTUAMETPATBHBIX TUTOCKOCTSIX
oboma (cMm. puc. 3, 6, 8): V: = 0,5qa(b-a) = 112 H°Mm;
Vi=0,5pai(b-a1)=23 Hwm; W,=0,5q,a(b—a)=1144 Hw™;
W,=0,5p,ai(b—ai)=10,8 H-M, a Taxoke 1m0 3aBUCUMOCTSIM
(12) BHyTpeHHME MOMEHTHI B cedueHHH @ = 0, paBHBIC
Xs1=44 H'm, Xyo =255 H'm.

B mpomnsBonsHOM cedeHmm 06oaa ipu @ < 0,54, = 1/3
BHYTPCHHUEC MOMCHTBI OTIPEICIISIOTCS TI0 YPABHCHUSIM

} (13)

K K
rie S, =Y sin(@—%;); S, =D cos(¢p—A;), npu 3TOM

V(p)= X, cos0+ X ,sino+V.S, +W.S;
W((p) = _Xsl Sin(p+ XSZ cosQ + VvSs + WS'SC

j=1 J=l
KOITMYECTBO CllaraeMbiX K OrpaHHYeHO YCIOBHEM
Q=N

Boruucienst  momentsl  V(w/3) = 110,3 Hem,

W(n/3) = 61,0 H-M B cedeHun no BHaauHe Tepes Harpy-
JKEHHBIM 3yOOM (cM. puc. 1, T. L;) ¥ olpe/ielIeHbl COOTBET-
CTBYIOIIIMIE HATTPSKCHUS

32

Bicnux HTY "XTII". 2016. Ne 23 (1195)



ISSN 2079-0791

Tpobnemu mexaniunozo npusody

_6V(n/3)
¢ b%5

HopmanbHble HanpspKeHHs IOpU IUIOCKOM U IIPO-
CTPAHCTBEHHOM H3rn0e MpoCyMMHUPOBAHBI. Y CTaHOBIIEHO,
YTO NPU BPAIIEHUU CATEIUIUTOB PAcUETHbIE BEJINUNHbI Me-
HSIOTCS B CJISYIOLIMX JUana30Hax: Ha HapY »KHOU 1OBepX-
HocTH 06oxa (—45 < 6,< 118,1) MIla, Ha BHyTpeHHE} NO-
BepxHocTH (91,7 < 6y < 66) MIla. 3nauenus ko3¢ puun-
€HTa ACHMMETPHM LHKJIA HANPSHKEHUH COOTBETCTBEHHO
paBHBI: Ha BHYTpeHHEHl mnoBepxHoctu Ry = -1,39, Ha
HapyxHOU Rp=—0,38, 9T0 moaTBepKaaeT HE0OX0AUMOCTh
BBIIOJIHEHHSI IPOBEPOUYHBIX PACUETOB UMK HA COIPO-
THUBIICHHUE YCTAJIOCTH.

BoinonHena aHanutHueckas BepuUKAIMs KOJbLe-
BOM Mojenn 00012 snuiuKiIa. [Ipu 3ToM 11 pacyera mpu-
MEHEHa MOMEHTHas T€OpHs LUIMHAPHUYECKHX 000JIOUeK.
JlJist snMIKKIIa 3aJaHHBIX pa3MepoB (cM. Tabi. 1) mapamerp

_ 24 22425 O
000JI0YKH paBeH [3-[3(1—;1 )/(RyS )]0 =0,039528 mm ',
OTHOCHTelNbHAs uinHA Bb = 3,8, uTo MO3BOJISIET paccMaT-

pHUBaTh COOTBETCTBYIOLIYIO MOJEIb KaK KOPOTKYI0 000-
n04Ky. PagnanbpHble nepeMeIneHns OnpeaeieHbl B BUIE

_6W(x/3)

=7,8 Mia; Tor 5 =4,3 MlIla.
b8

4
w(z) = D G LB+,

(14)
k=1
rue
2
=Py _ 28R g 674 1073 mm,
ES  2ma,Ed
a TaKKe UCIOIb30BaHbl GpyHKHH Kpeuiosa
Y,(z) =chPzcosPz;
Y, (2) =0,5(chPz sin Bz + shPz cos fz); (15)

Y;(z) =0,5shBzsin Bz;
Y, (2) =0,25(chPz sin Bz — shPz cosPz).

[TpousBonbHbIe MOcTOsIHHBIE C) ONpeIeNeHbl U3 Tpa-
HUYHBIX YCIOBHUH, KOTOPEIC IPH IPOCTPAHCTBEHHOM KOCO-
CHMMETPUYHOM JedopMUpoBaHUN YI00HO (opmynupo-
Bath 1 obmacti 0 <z < b/2 (cmotpu puc. 3, 8). B atom
nuana3oHe pemeHue (14) monydeHo pas3nenbHO A Harpy-
JKCHHOTO y4YacTKa z > z; (¢ Iepe0o003HaYCHHBIMI KOHCTaH-
tamu Cy = By) u cBobonHoro yuyactka 0 < z < zj (¢ KOH-
crantamu Cy= A, uw=0) B BHJC

4
ZAkYk(z), 0<z<z;
. (16)

w(z)=1",
> BY,(2)+ W, z; <z<0,5b,
k=1

T7Ie  ammuTiKaTa TO9KA conpspkerws z1 = 0,5b —a1=26,5 mm;
zlir =z1tg, €¢>0.

Jlnst ompeneneHnst KOHCTAHT A u By chopmymmpo-
BaHbI 8 ycnoBuit (Tabd. 4).

W3 ycenosnit (17) cienyer A1= 0 u A3 = 0. Ilo ycmo-
BusiM (18), (19) chopmupoBana cucrema mecTH ypaBHe-
HHH, pelIeHne KOTOPOH TAaeT CIIEAYIOIINE 3HAUYEHHSI OCTallb-
HBIX K03 duimentos: 4> = —3,959-1073, 4,= —4,088-1073,
B = 6,939-107, B, = 2,649-103, B; = —18,78-107,
B,=30,80-107% mm.

Tabnuma 4 — YcaoBus A1 BBIYMCICHUS KOHCTAHT
B opmyrne (19) mo yyactkam

I"paHnyHbIe yCIOBUS YcaoBus conpsikeHus
M|,2=0 :O; (17) ‘/4,2:21_ =‘/\1z:z;r ;
1/4;2 =_M|7 > W|z:zl_ :‘/‘/’Izzzl+ ; (19)
A4z ~=05bh :O§ (18) Wvlz:zl_ :M?Iz:zl+ ;
Q| z=0,5 :0’ Wm| z=z = Wm| z:zfr :

[To pesynpraTam ananmza pemenus (16) ycTaHOBIEHBI
XapakKTepHble 0COOEHHOCTH HAIPSPKEHHOI'O COCTOSTHUS DIIH-
LUUKJIa [pU JEHCTBUU KOCOCUMMETPUYHOM KOMIIOHEHTBI
Harpy3ku. [lepBast npousBonnas gpynkuuu (16) onpenensier
YIIIBI IOBOPOTA cedeHuit H(z) ~ const, cremoBaTenbHO, 00pa-
3yIOIINe LWIMHIPUYECKOH O0OJIOYKH IOBOPAYMBAIOTCS B
JUaMETPAIIbHOMN INIOCKOCTH OTHOCHUTENIBHO CPEANHHOTO Ce-
YEeHUsl, COXpaHsisi NPU ITOM IPSIMOJIHMHEHHYI0 (dopMmy
(puc. 7, a). Io Bropoii npousBoanoi Gpynkuuu (16) omnpe-
JIeJIeH yIeJIbHBIA H3ru0alommi MOMEHT M;, IeUCTBYIOIIHI
B IIONEPEYHbIX CEUCHUIX 000104Ku. MakcuMyM (hYHKIMH
nzrudatomero Mmomenra [M-| = 40 H-m/M cmemieH Ha pac-
crosinue 22 MM OT Topua (puc. 7, 6), Mpu 3TOM 3HAYCHUS
MaKCHMaJIbHBIX HAalPsKEHUH OTHOCHUTEIbHO HEBEIIUKH
6= 6M,/8” = 3,0 MIla, 4T0 00YCIOBIEHO U3BECTHOMN BBICO-
KOH KOHCTPYKTUBHOM IPOYHOCTBIO KOJIBLIEBBIX JIETaJIEH.

0

I~ 20 30 40 Z, MM
-0,0021 -2
-00044 \< 2 -4
-00064 \\ -A \

W, ] La8-10
T4 5
] pan
a
o 0 Z.MM
=10
=20
-30
M, H

o
Puc. 7 — T'padukn pyHKIMit:
a — nepeMenieHni; 6 — n3rudaroIero MOMeHTa;
KpuBast 1 COOTBETCTBYET paAnaIbHBIM MIEPEMEIICHIAM W(Z);
2 — yriy moBopoTa cedenus 0(z)

CrnetoBaTeabHO, TPUHATHE KOJBIICBOIH MOJIETH 00ITh-
IIOW KPHMBU3HBI JJIsI pacdera 0002 SMUINKIA SBISETCS
obocHOBaHHBIM. {11 TIOATBEPXKACHUS aJEKBATHOCTH MO
TOYHOCTH Pa3padOTaHHON aHAJMTHYECKOI MOEIH BHITOI-
HEHO COIOCTaBJICHUE W aHAIHM3 PE3yJIbTATOB aHAJMTHYC-
CKOTO pacdera HaIpsyKEeHHOTO COCTOSIHUS 00012 SMHIINKIIA
cepuitaoro I[IKP Raba 118/76 m MeToOM KOHEYHBIX 3JIC-
meHToB (MKD) B mporpamMHOM Komruiekce Autodesk
Simulation (puc. 8, Tabmn. 5). AHaIOTWYHBIE TTPOTPAMMHEIE
KOMIUTEKCHI YCIIENTHO UCIIONB3YIOTCS /ISt IPOBEPKH aJIeK-
BaTHOCTH HE TOJNBKO aHAINTHYECCKUX MOJIENIEH, HO U pe-
3yJIbTaTOB HKCIIEPUMEHTAIBHBIX UCCICAOBAHNI HATYPHBIX
repesiad BEpTOJIETOB, IPei(epoB U JIp. OTBETCTBECHHBIX JIe-
taneit mamuH [8, 13, 14].
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Stress
Tensor Theta-Theta
Coordinate System 2
N/(mmA2)
139,5
91,61
4375
+-4,104
-51,96
-89,82
r-147,7
-195,5

Maxwr;um‘ “allies 139,467 A2y
WA PR SR SO0 DAT AT

8

Stress
Tensor Theta-Theta
Coordinate System 2
N/(mm*2)
1395 =
91,61°
4375
-4,104
51,96
99,82
-147,7
-1955
2434
2012

‘ "',\ml;lfﬂ
T
'ﬁ'!mlmmmmg’,‘},;mn,
T !Hmu!l!f{(ﬁf’

il —
i
il

Puc. 8 — Pesynprarsl KO-monenuposanus snunukia [IKP Raba 118/76 npu HarpyxeHun Bpaniatomum momertoM 7o = 4023 H-m:
a — 3D-mozens; 6 — GparMeHT MonEIMPOBaHUA TPEXMEPHBIMU 20-y3I0BBIMH KyOHYECKUMHU JIEMEHTAMU;
6 — 00J1aCTH MaKCUMaJIbHBIX HANIPSXKEHUH Gy B 000/1€ 110]] JeHCTBUEM PACIIPEICICHHBIX HAIPY30K ¢ni OT CATEIUIUTOB;
2 — (parMeHT HANPSHKEHHOTO COCTOSHUS SIULUKIA

Tabnuna 5 — PacueTHble 3HaUeHHUs HAPSKSHUH Go, MITa

B 30me Harpysxennoro | Ilocepenune Mexay
Mogens | 3y6a (¢ = 60°) ua no- HarpyXeHHBIMA
BEPXHOCTH 00018 3yObsamu (@ = 0°)
BHYT. BHEIIIH. BHYTD. BHEIIIH.
Samknyroe | g0 | 11g, 450 91,7
KOJIBLIO
3D+ KD -72,5 1232 51,6 —85,4

Pasnuuue B pe3ynbTatax, MOJyYEHHbIX IS BHYTPCH-
Helt moBepxHOCTH 000/1a B 30HE HATPYKEHHOTO 3y0a, 005-
SICHAETCS TEM, YTO B MOJENU "KOJBIO" yCUIUSI TIepeHe-
CCHbI B TOYKH CPCIMHHON MOBEPXHOCTH, MPU ITOM HE
YUYTEHO BJIMSHHUE KOHIIEHTPAIUU HATPSHKCHUN B TAITENAX
3yObeB (cM. puc. 1 u 2). 3HaueHUS MaKCUMAJIEHBIX HaIPsi-
JKEHUM OTIIMYAIOTCS B TpeJieNiaX JAOMYCTUMOM MOrperHo-

ctm £ 10%.

[IpoBepka H3rHOHOM MPOYHOCTH 00012 STHUIIUKIIA BBI-
MOJHEHa TO MaKCHUMAJIFHOMY pacdeTHOMY 3HAa4CHHIO
OKPYKHOTO HANpPSIKEHUS Omax = 118 MIla < [c]. B npak-
Tuke npoektupoBanus neraneit [TIKP tpancmopTtHeIx Ma-
IIFH TPUHSTO MPUHUAMATDE KO3 (Q(PUIIHEHT 6e30MacHOCTH 1O
npejiely TeKyd4ecTH MaTepuasa Ha YpoBHE 7 = 2...2.5.
[Tpn narotoBnennn snunmkna u3 cramu 30XT'CA u Tepmo-
00paboTke — yIydIlIeHWEe, COOTBETCTBYIOIIEE 3HAYCHHE

mpenena TeKy4eCcTH MPUHATO 6o =490 MIla, B pe3ynbTate
3HAYCHHUS JIOIYCKACMBIX HAIPSHKCHUH HAXOISTCS B THATIa-
30He [0] = (196...245) Mlla. CnenoBaTeibHO, YCIOBUE
CTaTHYECKOM MPOYHOCTH AT JAHHON KOHCTPYKIIHH 000712
STIMIUKIIA BHITTOTHSETCS.

B 10 xe BpeMs M3BECTHBI HE CIMHIYHBIC CITyYaH TO-
JIOMOK 000712 STHIHMKIA PEIYKTOPOB TPAaHCIIOPTHBIX M
SHEPTeTUYCCKAX MAIIMH TI0 HAMpPaBICHUIO O0pa3yromei
oboma [5]. XapakTep MOBEPXHOCTEH U3JIOMOB CBHUJICTEIh-
CTBYET 00 yCTaJIOCTHOM XapakTepe pa3pyIIeHNH, 9TO MO-
TBCPXKAACT AaKTYaJlbHOCTh BBITIOJTHCHUS TMPOBEPOUHBIX
YTOYHEHHBIX pacdeToB 000/a MUIMKIIA HA TTUKIHICCKYIO
MPOYHOCTH C YYETOM HEOJHOPOTHOCTH €ro HaNpPsHKCHHOTO
COCTOSTHUS M HECTAITMOHAPHOCTH PEKUMOB HATPYKCHHS.

BuiBoabI:

1. Ilpenmnoxxen anroput™ (GopMHUPOBAHHS PACIETHBIX
MoOJeNel 0001a SMMIMKIA, OCHOBAHHELIA Ha 3aMEHE CH-
CTEMBI AEUCTBYIONTNX HATPY30K MX CHMMETPHYHBIMU U KO-
COCUMMETPHYHBIMU KOMITOHCHTAMH.

2. MeTromamMu MOMEHTHOM TeOpHH 000JI0YEeK U KOHEeU-
HBIX 3JICMCHTOB 000CHOBaHA a/ICKBATHOCTh MPOYHOCTHOTO
pacdera oboma smummkina [TKP kak 3aMKHYTOTr0 TOHKOTO
KPYTOBOTO KOJIbIIA OOJBIIOI KPUBU3HBL.
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3. VcranosieHo, uto 060 snumukia IIKP nogsepra- 12 Jeaiim I b. Tabmaus unterpanos u apyrue maremarndeckue ¢pop-

_ Myibl. 9-e u3. — M.: Hayka, 2005. — 232 c.
eTeil KIMHeckoMy Lle(l)OpMI/IpOBaHI/IIO Tipu KOS(b(bI/II.II/I 13. Fred B. NASA Technical Paper 2698. Gear Tooth Stress Measure-

CHTC aCHMMCTPHHU LMK Har‘I'pﬂ)KeHI/II‘/'I Ha BHYTPEHHEH 110~ ments on the UH-60A Helicopter Transmission. Oswald. NASA-
BepxHocTH R;= —1,58. Takoi xapakrep HarpyXeHUs O~ Langley, 1987, - 15 p.

TBEP)KIAET AKTYyaJbHOCTh YTOYHEHHBIX pPAacyeToB OIIH- 14. Kirov V. Finite Element Anlysis of a Floating Planetary Ring Gear
_ with External Splines. Gear Solutions / V. Kirov, Yu. Y Wang // 2014,

HUKJIa Ha HUKIIAYECKYI0 NPOYHOCTh C YUE€TOM HECTaluuo P. 33-43.

HApHOCTH PEXUMOB HArpy»KEHHUsl Iepefad B COCTaBe

TPAaHCIIOPTHBIX U SHEPIreTUYCCKUX MALIWH, a TAKKE HCO/-

HOPOJHOCTH HAIPSDKCHHOTO COCTOSIHKS 00oza B obnacTsix 1. Reduktory jenerhetycheskykh mashyn: Spravochnyk / B. A. Bal-

YATBIX [UICHHH 1 WHEHUS ¢ KODITYCOM. ashov, R. R. Hal'per, L. M. Harkavy y dr.; Pod obshch. red. Yu. A.

3y0ua Jauertuie coemHe ¢ xopiyco Derzhavtsa. — Leningrad : Mashynostroenye, 1985. — 232 p.
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C. C. I'YTHPA, B. I. ATJIIHCbKHH, A. M. YAHYIH

I'OJIOBHI YACTOTH PEAYKTOPIB IIOPTAJIBHUX TAI'OBUX MOCTIB

Ha ocHOBI 3anpornoHOBaHOI MO KOJIMBAILHOI CHCTEMU JBOIIOTOYHOro 6oproBoro pexykropa (JBP) y ckiani TpaHcMicii HU3bKOMOILHOIO TpoJeii-
Oyca po3po0IICHO aHATITHYHI 3aJI€KHOCTI BU3HAYCHHS NPYXXHUX Ae(opMaliiil Ta MaTeMaTH4HI MOZEII CIIEKTPY FOJOBHUX YaCTOT CUCTEMH. 3a pe3yJib-
TaTaMM YKCEIBHOTO MOZETIOBAaHH: 00y 10BaHO AiarpamMu (QyHKIIii FOJOBHMX YaCTOT BiJl KOHCTPYKTHBHUX napamerpis JIBP, BUKOHaHO NMOPIBHSHHS 3
YaCTOTHUMU XapaKTEPUCTUKAMHU ITaHeTapHOro xomicHoro peaykropa (IIKP). BigmiueHo neraTuBHmil mposis MOXKINBOI "KBa3iHYIbOBOI" KOPCTKOCTL
npyxHoi cuctemu JIBP, 110 cipuyuHsie 3HIKCHHS HepIIO] FOIOBHOI YaCTOTH CUCTEMH Ta PE30HAHCHI SIBUIIA [IPK PyCi TPOIEHOyCiB Ha HU3bKUX IIBUA-
KOCTSIX Ta MiIBUILEHNX HABAHTaXXEHHAX TPAHCMICIi y peXnMax po3roHy-TajabMyBaHH.

Ki11040Bi ciioBa: qBomoTouHmit 6OPTOBHUIA PEILYKTOP, MOEIb KOIHBAIBHOI CHCTEMH, CIICKTP TOJIOBHHUX YacTOT, "'MmiiaBarova’ mectepHs, "KBasi-
HYJIBOBA" JKOPCTKICTH CUCTEMH.

Ha ocHoBe npeu1oxeHHoi Moenn KoiebaTeIbHOI CHCTEMBI IBYXIIOTOYHOro 6opToBoro peaykropa (JJBP) B cocTaBe TAroBoro Mocta HU3KOMIOJIBHOIO TPO-
neibyca pa3paboTaHbl aHATUTHYECKUE 3aBUCUMOCTH OTIPE/IE/ICHN)s! YIPYruX AehOpMALMii i MATEeMAaTHYECKHE MOJIEIH CITIEKTPA [IIABHBIX YaCTOT CHCTEMBL.
ITo pe3ymbraTaM 4UCICHHOTO MOACIMPOBAHHUS IOCTPOCHBI UarpaMMbl 3aBUCUMOCTH [MIABHBIX 9aCTOT OT KOHCTPYKTHBHBIX IapamerpoB JIBP, BbimonHeHO
CpaBHEHHUE C YaCTOTHBIMH XapaKTEePUCTHKAMH ILIaHeTapHoro konecHoro penykropa (ITKP). OtmeueHno HeraTuBHOE IposiBIIEHNE "KBAa3UHYIIEBOI " )KECTKOCTH
ynpyroii cuctemsl JIBP, 00ycnoBnBatomeii moHwKEeHNe epBOi ITIABHOKW YaCTOThl CUCTEMbI M PE3OHAHCHBIM SIBIICHHUSM TIPH JABM)KEHHHU Tposyeibyca npu
HH3KHX CKOPOCTSIX H [OBBIIIEHHBIX MOMEHTAX HArPy)KEHHsl TPAHCMUCCHM HA PEKHMAX PasrOHa-TOPMOXKEHHS.

KiioueBblie c10Ba: IBYXIOTOYHBIN OOPTOBOH peayKTOp, MOZIENb KONEeOATEMbHONW CHCTEMBI, CTIEKTp TJIaBHBIX 4acTOT, "TulaBaromias” 1mecTepHs,
"KBa3MHYINEBad" JKECTKOCTh CHCTEMBI.

On the basis of the offered model of oscillatory system of the two-line onboard gearbox (TOG) as a part of the driving axles of the low-floor trolleybus
analytical dependences of definition of elastic deformations and mathematical models of a range of the main frequencies of system are developed. By
results of numerical modeling charts of dependence of the main frequencies on design data of TOG are constructed, comparison with frequency charac-
teristics of the planetary wheel gearbox (PWG) is executed. It is established that for a serial design of TOG type 4U-11135 the values of the main
frequencies are higher than the corresponding values for PWG type Raba 318/78, and also considerably exceed experimentally established range of a
frequency range of vibrations of some of the modern trolleybuses. Negative manifestation of "quasizero” rigidity of the TOR decrease of the first main
frequency of oscillating system and to the resonant phenomena at low speeds of the trolleybus’s movement and the raised moments of loading of
transmission on the modes of dispersal and braking is noted. The received results on determination of natural frequencies of TOG provide a theoretical
basis for further researches of parametrical and forced fluctuations of driving axles of portal type for the purpose of development of effective methods
and means for decrease of their vibration activity as a part of transmission of modern vehicles.

Keywords: double-flow driving axle, the model of the oscillating system, the range of natural frequencies, "floating" gear wheel, "quasizero"
rigidity of system.

Beryn. Ha ceorozmni y pe3ynbraTi OypXJIMBOTO po3-  HAraJbHUMH EKOJOTIYHUMH TpoOJieMaMH Ui OinbIIOCTi
BUTKY MiCT-METaroJiciB TpaHCIIOPTHI NPOOKH i CMOT CTallM  KpaiH cBiTy. Sk npukian eeKTHBHOTO TIaHyBaHHS 1 PO3-
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