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KOE®INIEHTU ®OPMU 3YBA HIWITHAPHYHUX ITPSIMO3YBUX
HEPEJAY 3 HIIBUIITEHOIO 3HOCOCTIUKICTIO

Busnaueno xoeghiyienmu gpopmu 3y6yie Koaic KOHX0I0AIbHO2O0 MA €80TbEEHMHO20
3auennensb. 3Havenus Koeiyicumie hopmu egonbeeHmHUX 3y0yie, ompumani 6 po-
6omi, 3a006i1bHO 30i2arOMbCA 3 BIOOMUMU PE3YIbMAMAMU, WO NIOMEEPOHCYE MOHiC-
UGICMb BUKOPUCMAHHSA 3ANPONOH08AH020 Memooa. Koeghiyiecnmu gpopmu eusnaua-
JUCA O KOPUSOBAHUX | HEKOPULOBAHUX NAp 3 PIsHUMU Kymamu npogino. Bcmarnog-
JleHo nepegazu 3y0yie KOHX0I0anbHOI nepedayi neped egoNb8eHmMHUMU 3YOyamu. 3a-
NPONOHOBAHUL METOO MOJNCHA BUKOPUCTIOBYEAMIL NPU PO3PAXYHKAX 3Y0Yi6 KOHXOI-
O0anbHUX nepeday Ha 32uH, WO MOdCe NPUCKOPUMU NPOYeC BNPOBAONCEHHS MAKUX
nepeodau.

Knrouosi cnosa: npsamo3yba nepedaua, uxioHull KOHMyp, e801b8eHMHe 3a4eneHHS,
KOHXOiOanbHe 3auenienus, KoeQiyieum opmu 3yoys, Koe@iyicHm 3milyeHHs.

Beryn. [IpuBoau Ha 0CHOBI 3y0YacTHX mepeaad MIMPOKO 3aCTOCOBYIOTHCS B aBi-
ariftHii texwini [1]. Iloka3HuKYM mpare3naTHOCTI mepeaay, Taki SK HaBaHTa)KyBallbHA
3paTHicTh, KK/, mnaBHicT poOOTH, BU3HAYAIOTH SIKICTh TEXHIKM B LinoMy. Tomy 3a-
BIIaHHS BAOCKOHAJICHHS 3y0UacTHX IPHUBO/IB €, 0€3yMOBHO, aKTYaIbHHM.

Amnauni3 jiteparypu. [lepcieKTuBHUM cr1ocOOOM YAOCKOHAJICHHS Iepenay 3ave-
IUIEHHSIM € BUOIp pauioHansHOI reoMerpii 3yOniB. Takuit minxin i morenep 3acTOCOBY-
€THCS 110 BiAHOIIICHHIO J0 €BOJBBEHTHOIO 3a4eIuieHHs [2; 3; 4], ane BOHO MaiiKe BH-
Yeprajo pe3epBH MiABUILEHHS HaBaHTAXYBaIbHOI 31aTHOCTI. TOMY mepceKTuBU Mae
3aCTOCYBaHHS albTEPHATUBHUX BHIB 3a4eIUICHb, y SKHX POOO0Yi AUISIHKH 3yOLiB
YTBOpEHi PEHKOI0 3 KpUBOMiHiiiHUM npodizem. HalimpocTimmm micas npsiMomiHiiiHO-
ro BHXiZHOrO KOHTYPY € BUXiTHHI1 KOHTYp, OKpecieHHii ayramu xona. Horo 3acrocy-
BaHHS B nepenavyax HoikoBa 3a0e3neunsio migBUILCHHS HABAHTAKYBaJIbHOI 31aTHOC-
Ti [5]. OgHak B IMX mepeaayax peani3yeTbCsi TOUKOBUH KOHTAKT POOOUHX MOBEPXOHb,
TOMY B HMX HEOOXiJHO 3a0e3ledyBaTH OCbOBE MepeKpHUTTs. s mepenau 3 niHiiva-
TUM KOHTaKTOM BHXiTHHH KOHTYp, cpo(iIbOoBaHuUil AyraMu Kona, JO3BOJISIE OTpUMa-
TH KOHXOiNalbHE 3a4yeryIeHHs, L0 Ma€ IepeBaru Iepe] EBOJbBEHTHUM. 30Kpema,
KOHXOIalbHI Mepeadi MarTh MiIBUINEHY 3HOCOCTIHKICTh, 10 MATBEPHKEHO Teope-
THYHUMH [6] 1 ekciepuMeHTanbHUMH [7] mocmimkeHHsMu. OJHAK, 3aCTOCOBYBaHI B
poboTtax [6; 7] BUXigHI KOHTYpH 3a0e3Meuyl0Th ONMYKJIO-yBIrHYTHH KOHTAaKT 3yOIliB,
0 MiIBUINYE YYTIMBICTD Tepeaad 10 MOXMOOK iX BUTOTOBIEHHS i MOHTaxy. Kpim
TOro, B pobotax [6; 7] He BpaxoBaHO 3MILIEHHS BUXITHOTO KOHTYpY. OCHOBa MaTeMa-
TUYHOI MOZAET KOHXOIJaJIbHUX NPsAMO3yOuX Iepenad, BUTOTOBICHUX 31 3MIIICHHIM
BHXITHOrO KOHTYPY, IpeAcTaBieHa B poOoTi [8]. YMoBH, 3a SIKMX Taki mepepadi Mo-
XKYTb MaTH KOHTAaKT ONYKJIMX HOBEPXOHb, OTpuMaHi B podoti [9]. ns mpaktuanoi
peaizamii TaKOro KOHTaKTy B KOHXOIIAIbHOMY 3a4eIuieHHi B poOoti [9] Oynu cunTe-
30BaHi 23 BUXIAHUX KOHTYPH 3 KyTaMH Ipo(diro Ha moYaTKoBid npsamiit 16°...39°.

OmHUM 3 BaXKIMBHX KPHUTEPIiB Ipale31aTHOCTI 3y04acTUX KOJIC € 3THHHA Mill-
HicTb 3yOuiB [10]. 3aBraHHIO BU3HAUYEHHS HAIIPYKEHb 3TMHY B OCHOBI 3y0a €BOJIbBEH-
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THOI Tepenadi NpUCBIYEHO 3HaYHY KUIBKICTh po0iT, Hanpukiaz, [11; 12]. ¥V mux po-
0oTax npu BU3HAYCHHI MICLIEBUX HANpPYXEHb B OCHOB1 €BOJIBBEHTHOrO 3y0a e(eKTHB-
HO BUKOPHCTOBYETHCS TiloTe3a JIaMaHUX IepepiziB. Ha ocHOBI naHoOi rimore3u B po-
60ti [13] orpuMaHi po3paxyHKOBI 3aJ€KHOCTI, IO JO3BOJIIOTh BU3HAYATH Koedimi-
€HT QopMu 3y0a [UIs HEeBOJIBBEHTHHUX, B TOMY YMCIIi 1 KOHXOiganpHUX, nepenad. On-
HaK 3HadeHHA KoediuieHTa (popMu 3yOa KOHXOIZaJbHHUX 1 €BOJBBEHTHUX Iepenay 3a
JOIIOMOI0I0 METO/LY, 3aIIPONOHOBaHOro B [13], oTpumani He Oyinu.

Mera podoru. Busnauntu koediuientu ¢opmu 3y0a KOHXOIAAIBHHUX 1 €BOJIbBE-
HTHHX TIepeAay B 3aJeKHOCTI Bl KyTa npodijro BUXiAHOTO KOHTYpPY Ha IOYATKOBiH
npsiMiH, yrcia 3yOuiB 1 koedimieHTa 3MilIEeHHS, IEPEBIPUTH JOCTOBIPHICTh JaHUX.

MMapamerpu nociaimxkyBanux nepenad. JlocmimkyBanocs Tpu nepeaadi, 3youi
SKHX YTBOPEHI BUXIIHUMHU KOHTypaMu [9] 3 mapamerpaMu, NpeacTaBICHUMH B Ta0i. 1
i Ha puc. 1. Hinstaku OA4 1 OB yTBOpIOIOTHE po004y MoOBepxHIO 3y0a, a aistaku 0’4’ i
O'B' — pobouy noBepxHio HacTynHoro 3yba. Jlinsgaka A4’ yTBopioe nepexiany noBep-
XHIO 3y0a.

Tabnuys 1

ITapameTpn BUXIIHHX KOHTYPIiB KOHXOIJAJIBHUX Nepeaay

Ne a b p a, O | P =hp|Pa=P s Ci=Cr| S, /2
1 16,072 | 17,050 | 18,101 | 19,602 23 1 0,429 | 0,262 | 0,4
2 | 8,545 | 18,448 | 20,331 | 24,853 28 1 0,327 | 0,173 | 0,29
3 110,18 | 19,176 | 21,711 | 27,968 | 30,69 | 0,9 0,325 | 0,159 | 0,28
b b
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Puc. 1. Buxingauit BupoOHHI KOHTYp KOHXOITAaTBHOI Iepenadi (I.11. — AUTHIIbHA IpsiMa)

Pesyabratun pocaimaxennsi. Ilepm Hixk Bu3zHauaTh koediuieHTHn dopmu 3ybda
KOHXOiJalIbHOI nepenadi, Meroauky [13] Oyino nepeBipeHO Ha €BOJNBBEHTHUX Iepera-
Yax, [I0 MarOTh OJHM3BKi 10 KOHXOIAansHUX npodinbHi Kyt 0=20°, 25°, 28° (BiAMOBI-
nuo nepenadi NeNe 1, 2, 3) ra mapamerpu, npeacrasieHi Ha puc. 2-4. OTpumanuii pe-
3yJIbTaT MOPIBHIOBABCS 3 BIJOMHMHM 3HAYEHHSIMH Yr, IO MPEACTABICHO Y JITepaTypi
[1,10]. BinxuneHHsi pe3yibTaTiB, OTPUMaHUX 3a MeToAukoro [13] Bixm pesynbpTaris
[1,10] ctanoButs 0,26...5,95% B mianazoni uncen 3y61iB z=12...200 Ta xoedilieHTIB
smimenss x=0; £0,2; £0,4; +0,6. Ockinbku MeToauka [13] mo3Bojse BU3HAYATH KOE-
¢itientn ¢popmu 3y0a 3 LITKOM NPUHHATHOIO TOYHICTIO, BOHA Oyila BUKOPHCTaHa IS
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BH3HaueHHS Vr AocmikyBaHux nepenad NeNe 1,2.3 (tabm. 1). 3naueHHs Yr KOoHXOina-
JMFHUX Ta €BOJIbBEHTHUX TIepead MpeCTaBlIeHO Ha puC. 2-4.

Yp
56 \  Jx=0l6 EBommbBenTHA KonxoinanpHa
5’ 4 \/ nepenada nepegada
’ =-0,6
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5 b
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o NV pr=p*=038 [ \\[+=h2 Pr=p*0429
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Puc. 2. IlopiBHstHHS KoedinieHTiB popmu 3yda mepenaq Nel

Yr \

\ k=06 EBonbBeHTHA KonxoinanpHa
4,8 nepegayda nepegayda
4.6 \Y \ —006
4.4 \\\)( x=04 a=25° \\\/ - 0,~24,853°
4’42; \\\ =02 AN h*a=h*r=
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Puc. 3. IlopiBustHHS KoedinieHTIB opmu 3yda mepemad Ne2
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Yr \

. \_ h=o0l6 EBonbBeHTHA \ KonxoinanasHa
454 \\ nepeaada \ —0l6 nepenavda
4’i \ | x=04 0=28° \¢ 0,=27,968°
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Puc. 4. IlopiBHstHHS KoedinieHTiB hopmu 3yda mepemad Ne3

s mopiBHsHHEA Oyio BuOpaHo nianaszon z=12...100, ockinbku KpUBi B Aiana3o-
Hi z=100...200 € Maii>xe rOpU30HTAIHLHUMHU.

Koedimient popmu 3yda korxoinanpHOl epenadi Nel (tabn. 1) Ha puc. 2 maHo y
MOPIBHSIHHI 3 Y cTaHAAPTHOI €BOJIBBEHTHOI Iepeayi, a Ha puc. 3 14 gaHO MOPIBHSH-
Hs Yr koHXOimaneHUX mepenad NeNe 2, 3 (tabm. 1) 3 Yy eBONbBEHTHHX Tiepead, IO
BHKOPHUCTOBYIOThCS B aBialliiiHi{ TeXHIli (mapaMeTpy BUXITHOTO KOHTYpY 3a [1]).

AHai3 OTpUMaHUX JaHUX CBIIYUTH, M0 KoedilieHT Gopmu 3yda KOHXOiqambHOT
repenadi y IOpiBHSAHHI 3 €BONILBEHTHUM 3yOoM € MeHImmM Ha 9,15...12,65% mns Bu-
ximHoro KoHTypy Nel, Ha 6,85...10,23% — st No2, Ha 4,54...8,24% — s Ne3.

[Ipu BHOOpI BUXIZHOTO KOHTYpY Ta MapaMerpiB KOHXOIJalIbHOI mepedadi ciig
BpaxoByBaTH OOMEKEHH:, OB’ s3aHi 3 TAKUMH SIBUILAMHU SIK 3aTOCTpeHHs (BH3Haya-
€TbCS TOBILMHOIO Ha BEPIIMHIi S,) Ta miApizaHHs 3yOLiB (BU3HAYAETHCS MiHIMAJIBHOIO
KUIBKICTIO 3YOLIB Z,;,). ®opMynn, 10 BH3HAYarOTh OOJIACTH ICHYBaHHA Iepenad,
orpuMaHi B pobotax [6; 8]. Ha puc. 5 nano npuknaa peanizauii ¢opmyn [6; 8] mozno
BHXIJIHUX KOHTYpIB 3 Ta0I. 1. Po3paxyHok BUKOHAHO st z,=18, z,=72.
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Puc. 5. O6MexeHHs npy POEKTyBaHHI KOHXOIAAIbHOI nepenadi (z,=18, z,=72)

BucHoBku.
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1. Meroauky BU3HaueHHA Koe(ilieHTiB ¢opMu 3y0a mepeBipeHO Ha eBOJILBEHT-
HUX 3yOLsiX 3 mpodinmbHuMK KyTamMu 0=20°, 25°, 28°. Bigxunenns koediuieHTIiB Qop-
Mmu 3y0a mis z=12...200 Ta koedimienTiB 3mimenns x=0; +0,2; £0,4; £0,6 He epeBu-
rye 6%.

2. 3y0r1i KOHXO0IMaIbHOI Mepeaavi MaroTh rmepesaru 1o 12,65% mepen eBOTbBEHT-
HUMH aHaJoraMi 3a 3HadeHHsSMH Koedinienty ¢opmu 3yOa. Haiibinbmi mepeBaru
MaloTh Hepenadi 3 TpodiIbHUM KyToM, OJIM3bKUM 10 cTaHgapTHoro (0=20°), mpu mo-
JATHOMY 3MIII[eHH] Ha MIECTIpHI Ta BiJ’€MHOMY Ha KOIECi.
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P. M. TKACH, P. L. NOSKO, O. O. REVYAKINA

FORM FACTORS OF CYLINDRICAL SPUR GEARS WITH ENHANCED
WEAR RESISTANCE

Using the hypothesis of broken sections bending stresses at the root fillet of teeth for the
involute and the conchoidal gears are determined. For verification of proposed method, the
stress state of the teeth is represented by the tooth form factor Y, which is essentially the stress
at the root fillet under the action of the unit force. The values of the tooth form factor Yy ob-
tained in the work for involute teeth are satisfactory close to known results. In this way the
possibility of using the proposed method is confirmed. The comparison of the form factors was
performed for three pairs of gears. Firstly, three involute gears were chosen: the traditional one
with 20° profile angle as well as two types of gears used in aviation drives with 25 © and 28 °
profile angles. Secondly, among the reference profiles for the conchoidal gears, three ones
were chosen. The contact of the convex surfaces can be provided in the working engagement
by using of these profiles for teeth generation. Thus the conchoidal gears are similar to the in-
volute ones by the contact type. The profile angle of the conchoidal gears’ basic rack on the
pitch line are 19,602 °, 24,853 © and 27,968 ° (that is, about 20°, 25° and 28°). The form fac-
tors were determined for X-zero gears as well as for X-gears. The addendum modification co-
efficients for X-gears were taken equal to + 0.2; + 0.4 and + 0.6. The form factors were deter-
mined for the number of teeth in the range of z=12...100. The advantages of the conchoidal
gears’ teeth were educed for three transmissions mentioned above as the result of the form fac-
tors’ values analysis. The value of “conchoidal” form factor is up to 12.65% less than “invo-
lute” one. The highest advantage by the form factor’s values corresponds to the conchoidal
gear with a minimum profile angle which has a positive value of addendum modification shift
on the pinion and a negative one on the gear. It should be mentioned that according to the re-
sults of previous studies, such a combination of addendum modification shifts of conchoidal
gears also increases the wear resistance of the active flanks of the teeth. The proposed method
can be used for bending strength calculation of the conchoidal gears’ teeth. Thus the process of
implementation for such transmissions can be accelerated.

Keywords: spur gear, basic rack, involute meshing, conchoidal meshing, form factor, ad-
dendum modification coefficient.
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