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pexuMy, (pi3UKO-XIMIYHOI JIii cepeoBUIIA Ta IHIIUX YMHHUKIB, Mij 4ac
3HOILIYBAHHS CHOJIy4€Hb JBUTYHAa MOXXYTh BHHUKATH Pi3HI MO€IHAHHS
MEXaHIYHUX, PI3UYHUX 1 XIMIYHUX MPOIIECIB.

[Ipu oMy, sIK OpaBUIIO, MA€ MICLE NEPEBAKAHHS OJHOTO 3 HUX,
CYMYTHI SBHUIA MaJO BIUIMBAIOTh HA IHTEHCUBHICTh 3HOIIYBaHHS CIIO-
Jy4€Hb JIBUTYHA.

VY 3B'S3Ky 3 1IMM, BU3HAUEHHS aHAJIITHYHUX BHUPA3iB 3AJIUIIKOBOTO
pecypcy ABUTYHA 3a JIIarHOCTUYHUMM JAHUMU MPO CTYHiHb 3HOIIEHOCTI
CIIOJIy4eHb Ma€ 0a3yBaTUCA HA CTPYKTYpHIHA (opMi aHATITUYHUX BUpa-
31B 1HTEHCUBHOCTI 3HOIIYBaHHS LWJIHJPIB y 3aJIEKHOCTI BijJ HaBaHTa-
KYBaJIbHO-IIBUIKICHOTO PEXHUMY, 30BHIIIHIX YMOB 1 1HIIUX (PAKTOPIB 1
JaBaTH MIHIMaJIbHY TOMMJIKY TTPOTHO3Y.

Ak mokazanu pe3yJabTaTh aHATITUYHOTO JTOCHIIKEHHS MaTeMaTH4-
HOT'O PO3pPaxyHKy, MPoOIr aBTOMOO1JIS 3aJIEKUTh B1Jl 3HOCOCTIMKOCTI Jie-
taneil L{III". 3acTtocyBaHHsS TEXHOJOrIi OKCHJIETYBaHHS Jla€ 3MOry 301-
JBUIMTU TPOOIr aBTOMOO1IS 3a PI3HUX MIBUIKICHUX 1 HABAHTaXKyBallb-
HUX pexuMiB y 1,9 pazu.

Tkach P.M. E.O. Paton Electric Welding
Institute of the NAS of Ukraine,

Nosko P.L. National Aviation University
Kryvosheya A.V.| V. Bakul Institute for
Superhard Materials of the NAS of Ukraine
Melnyk V.E. State Research Institute of the
Ministry of Internal Affairs of Ukraine, Kyiv
Revyakina O.O. Luhans’k Taras Shevchenko
National University, Poltava, Ukraine

SINUSOIDAL GEARING WITH CONVEX-CONVEX CONTACT
OF TEETH

Development of sinusoidal gearing was initially considered as a so-
lution of the problem of noise and reducing vibration in gear drives of
machines and equipment [1]. The latest studies [2, 3] show that the gear-
ing can ensure better wear resistance, and it has a larger loading capacity
on other criteria related to contact stresses, 1.e. pitting and scuffing. This
advantage 1s due to the convex-concave contact of the active surfaces.
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The teeth of the gearing are generated by sinusoidal basic rack which
has different signs of curvature on the addendum and dedendum seg-
ments. The reference profile (Fig. 1, a) can be given in parametric form
by the equation [1, 2]:

X, = asink; y, = A/2, (1)
where a — radius of sine generating circle (amplitude), A — the parameter.
X I X A ~
p /
* Y, (A | sinusoid * \ ! 5 (A)
1 / \ /
J 1 atp, ] ‘ N -
S| o# | ~ 5l —~ I\ Jillet curve
<™ + NS S }3 NS
P bk Gl e | — = all | _
I~ o, Y, L o, Y,
reference line / sinusoid
i i
a b

Fig. 1 — Reference profiles for generation of teeth of sinusoidal gears
a — with convex-concave contact by [1, 2], b — with convex-convex contact by [4]

In order to provide convex-concave teeth contact, the equality a = 4
should be taken, where # is a half of a reference profile’s height (Fig. 1).
In this case the fillet segment (height of 4.) of reference profile, and its
flanks (height of 4,) are outlined by the same curve of Eq. (1). The men-
tioned heights are shown on Fig. 1 with “*” sign. It means that they are
related to module m = 1 mm. The convex-concave teeth contact provides
decreasing of contact pressure theoretically. The real values of contact
pressure may be much bigger due to the errors of gears’ misalignment. It
is known that gears with biconvex teeth flanks are less sensitive to the
misalignment. Therefore, the reference profile of sinusoidal gears that
provides convex-convex teeth contact needs to be developed. Generation
of teeth by this reference profile will allow to improve the quality and
manufacturability of sinusoidal gears at the assembly stage. According
to [4], for these purposes the value of amplitude a should be increased.
Obviously, at the increased amplitude the condition a = /4 1s not fulfilled.
Hence, the fillet segment (height of /,.) of reference profile can be out-
lined by circle or any other smooth curve (Fig. 1b). Based on the [1], the
equation for definition of contact type was obtained in the form:
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= n, *F flive? ~n, *f[2n, 2 e~ o =0, )

where z; 1s the number of teeth of pinion (i = 1) and gear (i = 2); cis a
dimensionless parameter that equals ¢ = 2a/m.

The contact i1s convex-convex if there are no inflection points on
teeth profiles where the condition of Eq. (2) is fulfilled. The verification
of Eq. (2) condition for increased amplitudes was performed within the
range of parameter A € [-A*;+A*], where A* = arcsin(/,/a). The mini-
mal values of the amplitudes a* (also related to module m = 1 mm) that

provide convex-convex teeth contact were obtained at the range of pro-
file height £, = (0,8-1,6)m.

a*

3
2,8
2,6
2,4
2.2

2
1,8
1,6
1,4
1,2 h¥ —08 —1 12 —14 1,6

1

0 20 40 60 &0 100 120 140 160 180 200 220 240 260 280 z;
Fig. 2 — Diagrams for selecting the parameters of the sinusoidal initial profile
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