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IMPROVED AND EXTREME GEOMETRO-KINEMATIC
PARAMETERS OF HIGH-LOADED HYPERBOLOID GEARS

Creation high-loaded hyperboloid gears with improved and extreme geometrykinematic
parameters on the basis of quasi hyperboloid gearings — a perspective and effective direc-
tion in increase of technical and economic characteristics of reducers. Use of any re-
serves in manufacture hyperboloid gears and reducers can give and already really gives
considerable economic benefit at the expense of improvement of a design, increase of la-
bor productivity, improvement of quality, decrease in the cost price, increase of competi-
tiveness of production.
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Introduction. The major role in increase of technical and economic characteris-
tics of reducers — mass production of branches of an economic complex of Ukraine —
is played by the tooth gearings in many respects defining durability, reliability and
competitiveness of mechanisms in which they are applied. Increasing requirements to
increase in district speeds, loading and a resource, to reduction of dimensions and
weights of reducers all are to a lesser degree satisfied with traditional gears which do
not meet in some cases to market economy requirements on such parameters as indi-
vidual capacity, accuracy, specific material — and power consumption, competitive-
ness. So, in the conditions of occurrence of Ukraine in the World Trade Organization
mechanical drives the general machine-building and the special application, issued at
the enterprises of Ukraine, are subject to updating in the shortest terms with the ac-
count of increase of their technological level, expansion of consumer properties and
competitiveness improvements.

The researches directed on creation effective hyperboloid gears [1; 2; 3], possessing
high loading ability and efficiency, smaller metal consumption, are actual and meet the
requirements scientifically — technical progress of modern mechanical engineering. The
research urgency hyperboloid gear does not decrease with the continuous tendency to in-
crease of geared capacity [4], characteristic for modern mechanical engineering.

Creation of the gears answering high scientifically — to technical and industrial
level, demands joint to consideration of all parameters of quality of projected gear,
and also constructive and technological ways of their maintenance, with the account of
business factors, scientifically — technical and which industrial realization — a subject
of multicriterion synthesis and optimization of tooth gearings with improved and ex-
treme geometrykinematic parameters and operational characteristics.

Research is spent within the limits of works and on the basis of the program sci-
entifically — technical researches [5; 6].

Objects and problems. Research objective - development of the theory and in-
crease of a technological level of spatial gears by creation high-loaded hyperboloid
gears — screw and hypoid — gears with the improved and extreme quality parameters as
now the most part of reducers and gears special, the general machine-building and
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machine-tool constructing appointment which are offered by manufacturers of the
countries of the post-Soviet territory, are the models developed, mainly, in 1960 —
1980th. They have been put in pawn in a design of numerous machine tools, cars and
mechanisms and applied and to this day. However, owing to the different reasons even
in new projects the mentioned gears and reducers any more do not satisfy to modern
technology requirements, are noncompetitive in comparison with foreign analogues,
and in most cases their application in modern manufacture is unprofitable.

In various branches national economy Ukraine and in the leading industrially de-
veloped countries of the world intensive researches are carried out in area hyperboloid
(spatial) machine-tool and the worker of the gearings, directed on increase of bearing
ability hyperboloid — screw, worm, spiroid and hypoid gears which in increasingly
scales are made at machine-building factories of the countries of the world. So, from
materials of annual international conference on mechanical transmissions (Japan,
Fokuoka) it is known, that in the world: the release volume hyperboloid gears double
each 5-7 years, thus in the beginning of the third millennium annual cost hyperboloid
wheels has exceeded some billions US dollars.

The mentioned allows to tell, that use of any reserves in manufacture hyperboloid
gears, gears and reducers can give and already really gives considerable economic benefit
at the expense of improvement of a design, increase of labor productivity, improvement of
quality, decrease in the cost price, increase of competitiveness of production.

The special place among spatial gears and reducers is occupied hypoid and screw
cogwheels with improved (extreme) qualitative (geometrykinematic) parameters, with
the containing big latent reserves of increase in their durability and improvement of
operational qualities. Including, one of essential reserves is transition from bevel and
cylindrical initial surfaces to quasihyperboloid to the initial surfaces least deviating
from hyperboloid axoids — theoretical initial surfaces.

Thus, it is possible to assume, that quasihyperboloid gears [7] should possess the
best quality parameters among spatial tooth gearings. The offer brought by us on a
geometrical reserve of perfection screw, worm, spiroid and hypoid gears and transition
from conic and cylindrical initial surfaces to quasihyperboloid gears has the settlement
acknowledgement consisting in the following numerical comparative analysis.

To numerical research were exposed quasihyperboloid gears with Novikova gear-
ing, gearing of type Novikova, involute gearing, quasiinvolute gearing, globoidal gear-
ing with following parameters: m, =3 mm, Z, =13, Z, =54 mm, 7 =26,344 mm,
r, =26,344 mm, a, =52,688, u, =0,2407, y = 90° (orthogonal gears), B, =74°34",
B, =15°26".

Results of calculation of quality parameters are reflected on fig. 1 — 11: Nel —
gearing gears with Novikova gearing; Ne2 — gearing of type Novikova; Ne3 — involute
gearing; Ne4 — quasiinvolute gearing, Ne5 — globoidal gearing [8, 9]. In these figures
from five considered types hypoid gears only Ne3 possesses linear contact of teeth's,
other four types of gears — dot contact. In this connection for Ne3 on fig. 1, 3, 5,7, 9
the additional information including, along with a median point of a line of instant
contact, as well its trailer points is placed. Let's analyze the received results.

Relative speed of teeth sliding (fig. 2 and 3). Highest "rating" on this quality pa-
rameter gear Nel, the lowest - globoidal gears Ne5, intermediate position occupy hy-
poid gears Ne2, Ne3 and Ne4: relative speed of sliding of teeth's in gear Nel in 2,4 ...
5,3 times is less, than in other four types of gears.
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Fig. 1. Relative speed of sliding of teeth's, V"> wu- ¢ (Ne3 —a line from ¢ fig. 2)
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Fig. 2. Hypoid gear Ne3. Relative speed of sliding of teeth's: "> ay- ¢
(a,- b intrailer, ¢ - in median points of a line of instant contact)
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Factors of teeth specific sliding (fig. 3 - 6). Highest "rating" on these quality pa-

rameter gear Nel possesses, as well as above, hypoid, the lowest — hypoid gear Ne5,

intermediate position occupy hypoid gears Ne2, Ne3 and Ne4.

Total speed of teeth rolling (fig. 7 and 8). Highest "rating" on this quality pa-

rameter gear Ne5, the lowest - hypoid gear Ne4 possesses hypoid, intermediate position
occupy hypoid gears Nel, Ne2 and Ne3: total speed of rolling teeth's in gear No5 in 1,3

... 4,2 times more than in other four types of gears.
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Fig. 3. Factor of specific sliding 77(1) (Ne3 —a line from ¢ fig. 4)

@

n
1,0 b
C
0,9 a
-05a, -025a, 0 0,25¢,, 05a,,

Fig. 4. Hypoid gear Ne3. Factor of specific 77“) sliding

(a,b -intrailer, ¢ -in median points of a line of instant contact)
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Fig. 5. Factor of specific sliding 77 @) (Ne3 —a line from ¢ fig. 4)
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Fig. 6. Hypoid gear Ne3. Factor of specific sliding 17(2)
(a, b-in trailer, ¢ - in median points of lines of instant contact)
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Fig. 7. Total speed of rolling teeth's, V"> wu- ¢ (Ne3 —a line from c fig. 8)
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Fig. 8. Hypoid gear Ne3. Total speed of rolling teeth's, V"> wu- ¢
(a, b in trailer, ¢ - in median points of a line of instant contact)

Factor of teeth scoring resistance. (fig. 10 and 11). Highest "rating" on this
quality parameter gear Nel, the lowest - hypoid gear Ne4 possesses, intermediate posi-
tion occupy hypoid gears No2, Ne3 and Ne5: the factor of scoring resistance in gear Nel
in 1,5 ... 5,7 times is less than in other four types of gears.

Factor of teeth comparative intense condition (fig. 11). The area of a platform of
instant contact of teeths in hypoid gear Nel in 5,5 ... 9 times exceeds the area of a plat-
form of instant contact in hypoid gear Ne2. This statement is fair and in relation to gears
Ne3, Ne4 and NeS5 as the intense condition of teeths of gear Ne2 is elastic, under equal
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conditions, is more low elastic an intense condition of teeth's of gears Ne3, Ne4 and Ne5.
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Fig 9. Factor of scoring resistance teeth's K (Ne3 —a line from ¢ fig. 10)
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Fig. 11. Factor K a comparative teeth intense condition of gears Ne2 and Nel

Conclusions. Synthesis of spatial gearings on the basis of the initial surfaces least
deviating from hyperboloid axoids - a perspective direction of essential increase in
durability and improvement performances screw, worm, spiroid and hypoid gears.
Gearing of Novikova thus is more perspective, than involute gear.
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YAOCKOHAJIEHI I EKCTPEMAJIBHI TEOMETPO-KIHEMATHYHI
IMAPAMETPH I'MEPBOJIOIJJTHUX KOJIIC

CTBOpEHHS BUCOKOHABAHTAXXCHUX TinepOoIoiHIX mepeaad i3 MOKPAIIeHIMH Ta eKCTpe-
MaJhHAMHU T€OMETPUKIHEMAaTHIHUMU MTapaMeTpaMH Ha OCHOBI KBa3irinepOoIoifHuX mepenad -
MIEPCIEKTUBHAN Ta e()eKTUBHUI HATIPSIMOK ITiIBUIICHHS TEXHIKO-€KOHOMIYHIX XapaKTePUCTUK
penyKTOpiB. AKTYaJbHICTh IOCTITHUIBKOI TimepOoNMoimHOi Iepenadi He 3MEHIIYEThCS IPH
TIOCTiMHIN TeHIEHIIIi A0 301IbIICHAS TOTYXHOCTI, XapaKTepHii A cydacHOrO ManImHOOYIy-
BaHHA. Y CBITI 00CAT BHITyCKY TiIepOOIOiTHUX Tepeaad MOABOIOETHCS KOXKHI 5-7 POKIB, TAKHUM
YHHOM Ha TOYATKy TPETHOrO THUCSYONITTS IIOPiYHA BAPTICTH TimepOooiqHIX KONiC ITepeBH-
muna Kineka MiteapaiB gonapis CIHIA. Buxopuctanus Oyap-sSKHX pe3epBiB y BHPOOHHIITBI
rinepOoNIoiMHIX Mepeaad, MEeCTePEeHb i PEAYKTOPIB MOXKE IATH 1 BXKe CIIPaB/i Ja€ 3HAYHY €KO-
HOMIYHY BHTOZY 32 PaxyHOK BJIOCKOHAJICHHS KOHCTPYKIIii, ITiJBUIICHHS MPOIYKTUBHOCTI Ipa-
I, TTOJIIIIICHHS AKOCTi, 3HKEHHS CO0iBapPTOCTI, IiIBUIICHHSI KOHKYPEHTOCIIPOMOXKHOCTI BH-
pobHuITBa. MOKHA TIPHUITYCTUTH, IO KBa3irimepOooiaHi Tepenavi MOBUHHI MaTH HaHKpamli
mapaMeTpH SKOCTI cepell MPOCTOPOBUX 3y0UacTHX mepenad. [Ipormo3utlis, moa0 reoMeTpIUIHO-
TO 3amacy TBUHTOBUX, YePB'sYHUX, CIIPOITHUX Ta TIMOiJHUX Iepeaad Ta MepeXOoAy Bil KOHIU-
HUX 1 IWIHIPUYHUX TOYAaTKOBUX MOBEPXOHB JO KBa3iTimepOONOINHMX KONIic, Ma€ MiATBep-
IDKEHHS pO3PaxyHKY, IO IOJSrae y BUKIaJICHOMY YHCIOBOMY HOpiBHAIBHOMY aHaui3i. Yuce-
JFHOMY TOCHIDKSHHIO TiAJISATa Il KBa3irinepOonmoiqHi nepenadi 3 nepexadero Hosikosa, 3y0-
gacTi nepenadi Ty HoBikoBa, eBOEBEHTHI IIepeaadi, KBa3ieBOJIBBEHTHI Tiepeaadi, rrodoinHa
nepemada. CHHTE3 MPOCTOPOBUX Iepead Ha OCHOBI BUXiTHUX MTOBEPXOHb, IO HAMEHIIIE Bij-
XIISIOTBCA BiJ TimepOONIOITHUX aKCOIMiB, MEPCIIEKTHBHUN HAIMIPSIMOK iCTOTHOTO ITiABHIICHHS
MIIHOCTi Ta TIOKpAIIEeHHS MOKA3HUKIB TBUHTOBUX, YEPB'sIYHUX, CIIPOITHAX Ta TIMOITHUAX TIepe-
nmau. Konmeco HoBikoBa, TakuM 9WHOM, € OUTBIIT IEPCIIEKTUBHUM, HiXK €BOJIEBEHTHA Tepeiayva.

KiarouoBi ciaoBa: BHCOKOHaBaHTaXKEHI TimepOONOigHI  Iepenadi; TeOMETPUYHO-
KiHEMaTHYHI ITapaMeTpH; MBUIAKICTh KOYEHH 3yO1IiB; KOS(II[iEHT MTUTOMOTO KOB3aHHSI.
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