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Abstract. Screw and relieved surfaces with a profile of sabigal and variable curvature are
often used in machine parts and cutting tools. Agntrem, a special place is occupied by
worm hobs for cutting the teeth of Wildhaber-Nowkgears with the profile of the generating
worm, variable not only in radius, but also in sigincurvature. A technique for forming the
tooth flanks of these hobs by a disk grinding whisadleveloped, which allows the grinding
and ground profiles in the axial section of theeyating worm to be brought together as close
as possible. The method for calculating the sedtimy and profile coordinates of the grinding
wheel is given for its performance in real prodaictconditions.

1. Introduction

The peculiarity of the formation of screw and redid surfaces by disk grinding wheels is the
inevitable deviation of the profile of the groundrfece from the profile of the wheel, which was
called the organic error. For the straight basok this organic error is minimized as much as fmssi

or at the attained degree of minimization an oletdiprofile is taken as the basic rack [1]. Forscre
and relieved surfaces with a profile of substardiadl variable curvature, this organic error must be
eliminated to the maximum degree.

A well-known example of a solution to this problémmthe method for forming a profile of a
unruled worm of the ZT2 type, proposed in the bbglk.L. Litvin [2] (in the monograph [3] such
worms are considered as Flender worms ZF-11). imdélRample, the axial profile of the grinding wheel
was set in the form of a circle arc. And then, fribra condition that this arc is the contact linehe
wheel and the ground surface, the angle of insiatiaf the grinding wheel axis and the axial peofi
of the worm thread were sougltbviously, to obtain a worm hob with relieved sada of teeth close
in profile to the found worm threads, a solutiortteé inverse problem is required.

In [4 - 6], the authors proposed the solution afrailar problem with respect to the convex thread
profile of the worm and the hob for cutting the whteeth to gears with liquid friction. We speciy
substantially curvilinear axial profile of the wamg worm (or the hob generating worm) and also take
the profile of the grinding wheel in the axial sentof the worm. The setting angle of the grinding
wheel axis is determined from the condition thas #xis intersects two normal lines to the thread
axial profile and it is in a plane parallel to thgis of the worm. The proposed method ensures
minimization of the organic error in the profiling the worm thread, and taking into account a simil
organic error in tool profiling, the necessary itigrof the profile of the hob generating worm.
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In the present paper, we outline the general pplesiof using an analogous profiling method for
the formation of relieved surfaces with significanid variable curvature when the axis of the grigdi
wheel is located in a plane not parallel to thes afithe hob and specify the conditions of proglin
with reference to the relieving of the worm hobisdotting Wildhaber-Novikov gears.

First-time, helical gears with an initial point gency of the circular-helical surfaces of the teeth
were proposed by the eminent American Inventor BEdivaber in one of his 279 patents in 1926 [7].
But at that time this invention went unnoticed, @ugh gears received rapid development only after
M L Novikov had formulated the general principletbéir formation and showed that such gears will
have the increased load capacity, primarily in aochendurance [8].

Initially, M L Novikov proposed a version of helicavercentrode gears, in which tooth profiles,
convex on the pinion and concave on the wheel, deliseated with the circle arcs in the face sectio
of gears. Later, V N Kudryavtsev showed that thaesaffect can be achieved in the gears synthesized
on the basis of two incongruent basic racks withdincle arc profiles and cut by two worm hobs: one
for the pinion with convex teeth, the other for thleeel with concave ones [9]. An interesting versio
of the overcentrode W-N gears, insensitive to thers of assembly, was proposed in the work [10].

However, at present, basic racks are standardizddvidely used in production with a full tooth
profile, which provide in gears two lines of actiand allow for cutting the pinion and the wheel by
one worm hob [11]. In particular, according Russstandard GOST 15023-76, the basic rack consists
of a convex addendum, a concave dedendum and asstaoght section between them. Geometry of
Novikov gears with double line of action is caldehacc. Russian Standard GOST 17744-72.

R

Figure 1. Basic rack for Novikov gears with double line of
action acc. GOST 15023-76.

Worm hobs for spur and helical gears have a degigfile (a generating rack) in the normal
section of the generating worm, which is tangertheoscrew front surface. For singheead hobghis
section and front surface practically coincidegha profiling zone. When hobbing the teeth on the
gear hobbing machine, the plane of the generasiclis installed perpendicular to the directiorhaf
teeth of the cut wheel, while the hob axis is s&tng into account the lead angle of the hob front
surface. That is, when machining spur gears, tiggeanf inclination of the hob axis to the horizdnta
plane corresponds to the lead angle of the frorfidse of the hob teeth, when machining helical giear
the angle of installation of the hob axis is insediby the helix angle of the wheel teeth.

When the teeth of the worm hob are relieved, iis &xinstalled in the centers of the grinding-
relieving machine, that is, in the horizontal plaAad for a reliable reproduction of the profile tbie
generating rack in the normal section of the hoith the adopted profiling method it is necessary to
recalculate the parameters of the profile of theegating rack into the axial section of the tooth
surface to be relieved.
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First of all, it is necessary to determine the bgrafile of the helical surface, on which the aut
edges of the hob teeth are located. To do thispthecribed angle. of the normal profile of the
straight section should be replaced by an angtd the axial profile according to the formula:

tanos = tana / cosy: Q)

wherey, is the lead angle of the helical surface of thtirog edges on the hob pitch cylinder.

The curvature radpa. andps of the two parts of active profile in the normatson are replaced by
the corresponding radiip andry in the axial section. For single-thread hobs, thiadé with a
sufficient approximation are determined by the Meutheorem from the expressions:

l20, 0= Pa, f/ COSY1 (2)

The arc radiup; on the head of the hob tooth, which is procesdieti éf the wheel tooth, in the
normal section is replaced with the correspondatiusro in axial section of the hob. According to
Euler's formula, these radii are related by theesgion:

ro=pi/ cogyi )2

The thread thicknedsin the axial section should be determined on themum ground radiusmin
of the hob, proceeding from the thicknes®f the normal section at the end point of maclgnin

b=Dbn/ COSY (r min) (3)

wherey ¢ miny= atan p/rmin) is the lead angle on the hob dedendum cylirglisrthe helical parameter.
The parameters of the axial section of the heBcaface of the cutting edges of the hob teeth are
also parameters of the axial section of the retlexagfaces of the teeth.

2. Parametersof radial-axial relieving

In the general case of radial-axial relieving of teeth of the worm hob (Figure 2) the direction of
relieving motion comprises with perpendicular ta thob axis an angle., which ensures the
obtaining of a given rear anghg near the cutting edges of the hob teeth [1, 4Tk wheel axi®),-

O, is crossed with the axi8:-O: of the ground product at an anglefafto the horizontal plane, and
the vertical plane of the wheel axis is not patatiethe axis of the ground hob, but makes witthé
anglego. That is, the wheel axi8,-0, is turned (in the projection to the horizontalr@aat an angle
@o to the hob axis and is simultaneously inclinethts plane by the angf.

Such a method of relieving allows for providing the flanks the necessary rear angles near the
cutting edges of the teeth, to exclude large difiees in the curvature of the grinding surface, to
improve the conditions for grinding and to increttseservice life of the grinding wheel.

The hob parameters are the radiusf its pitch cylinder, the axial modutg, the threads number
2, the screw parametgr=0,5mz, of the generating surface, the number of tegih the end section.
For hobs with a curvilinear profile of a generatiwgrm the current profile angle, of the axial
section is essentially variable (Figure 1) andpeesively, the lateral rear anglg of the relieved
surface is also not constant.

During the relieving, the hob rotates around itgsa-01 with the angular velocityi, the
grinding wheel moves along the hob axis at a speadand performs reciprocating motion with a
speedcko1, Wherek = Kz,/2xn is the relieving parametek is the recession of the Archimedean spiral
of the cam of the relieving mechanism on the angpiiwh of the hob teeth. The relieving carriage
slides are turned relative to the perpendiculahé&hob axis by an anglg which allows increasing
the rear angl@s on the lateral surface of the tooth.

The current radius, of the grinding wheel is determined at the pointocontact with the tooth of
the hob on its current cylinder. For the initiakgmn of the wheel, it is advisable to take thegency
of its maximum radius,m with the minimum radius of the work piece surfagen.
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Figure 2. Scheme of radial-axial relieving.

With radial-axial relieving, the lead angje of the relieved surface at each of the two setkecte
points (1,2) is determined from the expression

tanyoi = [p £ k sin @ + @c)/cosoi]/Xoi 4)(
In special cases:
= with a pure radial relieving:gc.= 0, tanyo = (p  k tana; )/Xo; (4.1)
= with a pure axial relievingip.= 9¢°, tanysi = (p + K)/Xi, (4.2)

where the radiugo of the location of the selected point on the grbsuarface is determined from the
drawing of the product

3. Selection of initial pointsfor design normals

The method for selection two pointg and A, of the axial profile of the ground surface witteth
parameters\(Xo1, Zo1, to1) andAx(Xoz, 202, to2),) proceeds from, first, the fact that the proflection
between them as much as possible faltywered the working part of the tooth to be grousmadg
secondly, these points should be boundary for@eswf different curvature radii.
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Figure 3. An example of the basic rack of the hob for geats the
module m =12 mm.
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For clarity, let us consider Figure 3, which shamsexample of the basic rack for gears with the
module m = 12 mm. For the full-profile Novikov geathe pitch line of basic rack divides the tooth
height in half. The active parts of the hob tootbfike are limited by the dimension 10.2, 10.32nfro
the midline. At the same points, there is a joirthe radius sections of the profile. The tootltkhiess
in the normal section at the minimum machining dégemnisb, = 31.7 mm.

The tooth of the hob in the normal section is fatmagcording to the dimensions of the space of
the basic rack. Similarly, the space between thetaeth forms the tooth of the wheel to be cut. The
center of curvature radiuss, contouring the tooth addendum, is shifted tottbb axis on values
relative to the pitch lineThe calculated coordinates of the axial profiletted helical surface of the
cutting edges are related to the coordinates ofj¢imerating rack profile by the dependencies:

= for point4; on the tooth dedendumno: = xn1; 201 = Zn1/COSYxo1; taN o1 = tanon/COSYxo1,
wherez,1= 0,5, + la— (Fr —Xn1) COtan; Yxo1 = atan p /Xo1),

= for point4, on the tooth addendunxo, = xn2; Zo2 = Zn2/COSYxoz2; taN ooz = tanon/COSYxo2,
where:zn, = (X2 — e+ Xr) COtanz—It; Yxoz2 = atan p/xoz). (5)

4. Determination of the angle p of inclination of the grinding wheel axis

In the accepteXYZ coordinate system (Figure 4), thexis is directed along the hob axis, ¥axis

is aligned with the axis of symmetry of the tuxZ, is the plane of the hob's axial section, Yrexis is
perpendicular to this section. The plane of thation of the grinding wheel axis is parallel to the

axis, intersects th¥ axis at a distancato theZ axis and makes an angje# 0 with this axis.

Figure 4. Calculation scheme for determining the settingleing
B. of the grinding wheel axis for radial-axial reliagi of
surfaces with a profile of variable curvature.
The value ofis given by expression:
a = rimn+ 0,3 tan@o+ rum/ COSQo (6)

whereb is the thickness of the ground worm turn at theimim radius; min.
For the chosean, the equation of the plane containing the axithefgrinding wheel is written as:
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X(2) =a —ztango )
The coordinateg of the intersection of the normals with the plangare:
_a— Xy Tz, tlang
4(1,2) -
tana, + targ,

(8)

The other two coordinates of each of the poinistgfsection of the normals with the plane of the
axis of the grinding wheel are determinedzby

X(12) =a—ztaneo;, Yia.2) = (2 —Zi) tanyoi 9
The value of the anglg, of the inclination of the grinding wheel axis istermined in the tangent
function by the formula
Y1 7Y,
\/(Xl - X2)2 +(z,- 22)2
For a special case of relieving with an angde= 0, the plane of the wheel axis is parallel te th
axis of the product, and is separated from it distance

tang, = (10)

a = Timin+ I'um = Xoi + (Z — Z0) tana. (11)

The coordinateg, y; of the points of intersection of the normals vitie plane containing the
grinding wheel axis take the form:

Z(1,2) = 201 + (@ —Xoi) COta; Yi,2)= (Z — o)) tanyoi = (& —Xoi) tanyoi cotai, (12)

and the angle of inclination of the wheel axis tietato the axis of the ground product in these
particular cases is determined by the expression:

tang = Y1 —Y, _ (a—xy)tany,, cor, - @— X, )tary , catr ,
"z-z, (2 X)C0W, ~ @ Xg,)Com ,+ 2= Z

(13)

5. The choice of angles ¢. and o for relieving the tooth flanks
In contrast to the relieving of the hob teeth vdthtraight profile, the axial component of theeging
motion for the curvilinear profiles is variable afpthe profile. For the hobs with a large differetic
the profile angles, it is not possible to applyuagy radial relieving ¢.=0).
This is due, first, to the insufficiency of the reaagles at small profile anglesmi,, in particular in
the area adjacent to the pitch cylinder, and sdgpbyg a large shift of the profile of the relieved
surface relative to the pitch line in the arc sawi which will be proved in the hob re-sharpening.
Since helical gears are usually made of thermatigroved steels, the lateral rear angles of the
hob teeth must be guaranteed not less tliaand the angle. of the turn of the relieving carrier is
to be calculated on the basis of this circumst4&¢c6é].

sin ©o min+ @cr,L) = 0.55rF coSao min/(K Z4) (14)

where R, L are indices of the right and left sidéthe hob tooth.

Pure axial relievingg. = 9C¢°) would have allowed to keep the profile of the gating surface
during the re-sharpening. However, with this methasl necessary to check the adequacy of the
lateral rear anglés = 5° at the tooth top on the radiug where the profile anglei. > 70° using
conditions:

tanisa = k cOSaalra = 0.342k/ro > 0.0875, ork/ra>0.24 (15)
With radial-axial relieving, the axial componenttbe relieving parametdg = k sin(ooit+@c)/cCosoi,

which enters in the formula (4), is variable aldihg profile. Therefore, strictly speaking, the aitbn
of the profile when the hob teeth are re-sharpemethe front surface is inevitable. However, at the
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profile the equal profile angles; occur (for example, at the junction points of taege and small
radii on the tooth addendum and dedendum), anefiver, regardless of the angle at these points
and between them, the profile deviations with taahrarpening will be minimal.

The value of the angleo is chosen in such a way that the obtained valu¢hefanglep.
corresponds to the range of values:

tanyxo1> tanP, cospo[1- tangotan 0,561+ 0o2)] > tanyxo:z (16)

which provides a higher accuracy of profiling theund surfaceThe limiting factor for assigning
the anglesp. andgo is the condition that the grinding wheel enterieel $pace between the threads
without damaging the adjacent tooth. As a rule,d@liminary calculation, the anglg is chosen
equal togc.

6. Profiling the grinding wheels for wormsand hobswith curvilinear profile

Significant difficulties in the manufacture of wasrand hobs with a profile of substantial and vdeiab
curvature are due to the fact that the copyingasvior dressing the grinding wheel included in the
delivery set of the grinding machines are not &letdor reproducing such a profil€herefore, it is
necessary to develop either special rolling tooti@ssing devices. At present, the dressing devices
with diamond rollers and the program control ofitlnovement relative to the working surface of the
grinding wheel have received a certain distribuf®ro].

The characteristic of the wheel surface, that éslihe of its contact with the ground surface, is
oriented along the axial section of the latter. rEfare, the profiling of the wheel in its axial §ea
with sufficient degree of approximation reprodudies section of the ground surface normal to the
helical line with the lead angle equalo

In general, the profile coordinates of this sectmml, consequently, the axial profile of the wheel
are determined from the following expressions:

z,= Zo/(cosB,+ tany;in Bu);
Xa= X0+ Z2SINB, tanyi /(4xo). (17)

If the value of the setting ange corresponds to the ran@6), then the axial profile of the grinding
wheel for single-thread hobs practically repeatsribrmal profile of the basic radk this case, the
anglea, of the wheel profile on the rectilinear sectiomlé&termined from the expression:

tana, = tan 6o min + Qo) COPBu (18)

7. Conclusion

= A technique is proposed for calculating the paransetf the setting-up, motion and profile of
the grinding wheel which is used for relieving theth flanks of the hobs to cut the W-N gears.

= This technique allows for minimizing the organicrogr of grinding when processing on
traditional equipment with profiling of the grindjrwheel, which is as close as possible to the
profile of the basic rack of the hob.

= The above procedure is proposed for use in thelg@vent of control programs for setting up
the relieving machine and the mechanism for drgssie grinding wheel when processing the
hobs on relieving machines with numerical programtiol.
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