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Abstract

The production geometry development of the worm gear drives with circle arched profile in axial section
requires the combined management of complex mathematical, geometric and manufacturing knowledge.
In this paper has been presented an analysis of the relation between the post-sharpening of the
cylindrical hob with circle arched profile in axial section and gear tooth surface error according to the
functions determined by previous research work, that fits to the Dudds type ProMAT general
mathematical model, which is suitable for the analysis of technological processes in manufacturing.
During the research the extension of this method to any type of worm gear drives has been aspired.
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1. Introduction

One of the highlighted research topics of the Worm Scientific School operating in the Difi-CAD
Engineering Office, which has a cooperation agreement with the University of Miskolc, is the
continuous further development of the production geometry of the worm gear drives (Dudas, 2016). The
University of Miskolc previously carried out in joint research with Nagaoka University of Technology
(Japan) through the Worm Scientific School on measuring tool wear with a CCD camera, which among
other things also resulted in publications on grinding wheel profile wear (Varga et al., 2005).

Figure 1. Positioning of CCD cameras to measure of the hob cutting edge in the DifiCAD
Engineering Office.

The wearing of the cutting edge of the hob with circle arched profile in axial section as a spatial curve
has been examined with two CCD cameras. The conditions for mathematically correct camera
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positioning have been determined by the Monge cuboid (Balajti, 2016) for ensuring the cutting edge
curve of the hob with circle arched profile in axial section reconstructibility to set the tool into a
predetermined position and to test measurement with two CCD cameras from a single position (Balajti
et. al., 2020). The reconstruction of the cutting edge curve of the hob has been determined by method of
descriptive geometry (Abel et al., 2018).

Figure 2. The circle arched profiled worm gear drive with the hob (Balajti, 2016).

The hob was designed from the cylindrical worm with a circular arc profile in the axial section, that
geometrical parameters can be seen in Figure 3.
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Figure 3. Geometrical parameters of the cylindrical worm with the circular arc profile in axial
section (Duddas, 2004).

The tooth surface of the worm can be written in the following form in the Kei(Xe1, Ye1, Zr1) rotating
coordinate system of the worm

Me =he (77- ‘9) (1)
The rq helical surface with circle arc profile in axial section in the Kri(Xr1, Yr1, Zr1) rotating coordinate
system with parameters from Figure 2 can be written in the following form

X =—1-SiN Y,
Yir =77 COS G, (2)
Zie :p"g_\/pazx _(K_’?)z

As the hob is an expensive tool with complicated geometry, it is advisable to carry out repeated re-
sharpening as many times as possible. Hob design requires an extremely strong background in
manufacturing technology, production geometry and all areas mathematics (Felho et. al., 2004).
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Factors such as wear, sharpening of tools may cause distortion of manufactured surfaces. High-
precision machining of the gear connected to the worm is required to achieve the specified good
efficiency and low noise, among other things. The only tool that can be used for finishing machining on
the gear tooth surface is one that covers the same surface as the worm connected to the gear (direct
movement mapping).

The investigations have been developed with the support of the Dudas’s kinematic mathematical
model, of which a special improved case with the appropriate parameter selection refers to cylindrical
worm gear drive pairs, as shown in Figure 4.
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Figure 4. The applied coordinate systems in case helical worm gear drive with parameters 0,=0,
c=0, pr=0, y =X'= -90° (Balajti, 2007).

The cutting edges of the hob should be located on the tooth surfaces of the substituting worm. The
substituting worm with the same tooth surface as the real worm has a larger addendum diameter and
tooth thickness than the real worm, and they have common geometric axes, their diameter of reference
cylinders dm: are identical, and their tooth surfaces on the same sided are coincident with the
corresponding axial displacement. The teeth of the worm gear connected to the worm are determined by
the teeth of the worm, since the contact tooth surfaces are mutually enveloping surfaces.
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2. Problem

During the production of worm gear, in order to achieve the required quality, the worm gear hob must
be tested for wear and the cutting edge must be re-sharpened, which results in a decrease in the diameter
of the hob leading to geometric deformation.

In the course of our previous research, the need to harmonize the relationships between the
geometrical characteristics of the hob wear and the gear tooth surface affected by setting parameters
has already been raised (Abel et. al., 2021).

The cutting edges Vg and V; of the hob can be obtained as an intersection of the backward grinded
side surfaces Rg and R;, and the face surface H. Therefore, the back-machining and the technology of
the processing should be carried out in such a way that the received edges Vg and V; are on the tooth
surface of the substituting worm, which is geometrically the same as the tooth surface of the real worm.
The face surface of the hob is preferably a closed Archimedean worm surface, along which the tool is
re-sharpened. Since the cutting edge V remains on the tooth surface of the same worm even after re-
sharpening, it only shifts axially, the tool forms a tooth surface without profile distortion even after re-
sharpening.

Figure 5. Cutting edge of the tooth of the hob in the Kir motion coordinate system (Dudas, 2004).

The face surface H of the hob is derived by the complex movement of a half-line perpendicular to the
axis, which is a motion in axial direction with a screw parameter pn of the face-surface, and
simultaneously a rotation about the axis. In the case of the right-handed hob the face surface H is left-
handed, where

Yon =90° =7, 3)
The equation of the face surface H can be written
X, =-17-SIN ($+@,,);
Y, =+17-C08(3+ @, ); 4)
Z, =Py -Sin ($+¢,,);
where the lead parameter of the face surface H of the hob

dy, 7t
p, = oL ;ﬂg%m (5)
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Making the appropriate substitutions

_ph'(‘9+¢oh)= p'(‘9+¢oh)_\/pa2x_(K_77)2 +Zax (6)
from which
1 Z
Pon = — A PL— (K =17)? =P (94 ) — 9 Zox. (7
Pn Pn Pn

Since the cutting edge V should remain on the substituting worm surface after re-sharpening, it forms a
tooth on the wheel without profile distortion.
Its equation in the examined case can be written in the following form

Z_K_ 2_Z
X, =i pax —(K=1)" ~2,,
P+ Py
Z_K_ Z_Z
y., =11-cos pa—(K=n)" -2, (8)
P+ Dy
B 1 S it
' " P+ Py

However, in the case of radial rework, a radial dimensional change occurs after the tool has been re-
sharpened. This results in a decrease in the centre distance a.

3. Method

The worm gear hob created from the worm is a suitable tool machining the worm gear tooth surface,
therefore the examination of the contact area of the worm and mated gear leads to analysis of the
manufacturing accuracy of the gear by the post-sharped hob.

The two elements of the drive pairs envelop each other in relative motion, their connection taking
place along the contact line (Litvin et al., 1994).
The tooth surface X, of the gear can be produced as the covering surface of the worm starting from
equation (2).

The coordinates of the normal vector nie of the worm surface (2) can be calculated in the coordinate
system Kei(Xr1, Y1, Zr1) according to the partial derivate

Nyp =—M-Sin 3-%+p-0039
VPa —(K=m)
any=n-cosl9-$+p~sin3 ©)

Jph —(K—m)?

N, =M

The v relative velocity vector between coordinate systems Kig(Xr, Yir, Z1¢) Of the worm and coordinate
system Kae(X2r, Yor, z2¢) Of the mating gear can be calculated with the time derivative of the
transformation matrix Mg 1¢

. d dM
e =V(21F2) =E(M2F,1F ‘rlF)zﬁ'rlF

The v relative velocity vector between the worm and the mating gear can be written
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d dMm
Vgle) = MlF,ZF E(le:,u: 'r1|=): MlF,ZF % ‘e (11)
where
dMm
PL= MlF,ZF ) 2Ef (12)

dt

the "kinematic transformer" matrix.

Figure 6. The bearing pattern marked with white chalk powder.

The values parameters (v, 9) of the worm surface should be a function of parameter u. The equation of

the contact lines is described according to the first formula of connection with one fixed motion
parameter ¢, in the following function relation

f(n(u):‘g(u)v([’l):f(uv(Pl):an'V1F:0 (13)
The tooth surface X, of the worm wheel can be produced as the covering surface of the instantaneous
contact lines written in the coordinate system Kor fixed to the worm wheel

f(7,9.0,)=0
Ne= r1F(’7119) (14)

Vo gear = MzF,lF_arc M

4. Result

The coordinates of position vector ror pointing to the tooth surface 2, of the gear in the K¢ fixed
coordinate system to the worm wheel are

Xk gear =SIN @, -SiN @, -77-8IN §—COSep, -SiN @, - 17 - COS I
—C089, -\, - I —/pa — (K—1)? )—(a+Aa)'Sin ?,
Yar gear = SIN@; - COS@, -7 -SIN 9+ COSp, - COS, -7 -COS 3 (15)

=sing, -\p, - I~ Jpa — (K-1)* —(a+Aa)-c05¢2
—C0S@, -17-Sin 3—sing, -n7-C0S I
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The result shows the changing in Xar_gear and Yar gear COOrdinates, so the analysis have been done in its
plane.
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Figure 7. Contact lines in the plane [(x2), (y2)] with Ka and Kg knots, based on a computer program
developed by us

In the case of a designed and manufactured worm with data z:=3, m=12.5, »=21°2'15", px=50, S.1=10
to set addendum on tooth chord, Sn: :13f8'225 size of worm tooth chord, a=280, d,;=97,5,

H=117,809722, 8x=24°31°10"", 2,=35, F1=%0,017, f»=+0,016, f,=+0,018, f=0,08 [2] the position
contact points are illustrated in Figure 7.

The principle of operation of our computer program for the production of contact lines is that the
program calculates the implicit system of equations required to start the procedure from the data passed
as input.

Based on the input data, the scope of the study is delimited, so according to the boundary conditions,
the search procedure calculates the contact points for the given case. It converts the resulting set of
points into an ordered group of points in a contact curve.

The reference parameters of the gear tooth surface fas(a) and Xa(a) as a functions of the changing
centre distance a can be seen in Figure 8. Based on this function, changing surface of the gear tooth has
been become manageable depending on the hob wear.
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Figure 8. Changes of the knot Xa position and the size of the centre angle Sas depending on the a
centre distance.

5. Conclusion

This research examines the relationships between the gear accuracy manufactured by re-sharpened hob
in case a cylindrical worm gear hob with circle arched profile in axial section. The re-sharpening of the
hob manufactured with special tooth side surfaces after wear results in a reduction in the diameter of
axes, which cause the change in geometric conditions. The study was discussed on the principle of this
reciprocal, two-parameter enveloping. The function description of the adjustment parameters of the post-
sharpened hob, for all cylindrical hobs with circle arc profile in axial section has been developed to
support production accuracy of the mated gear. At the same time, the relation between the geometrical
parameters of the re-sharpened worm gear hob and the changing of the centre angle of the knots of
contact zone has been given as a function. The limit of re-sharpening of the worm gear hob is related to
the decrease in axes distance, which was explored at this stage of the research as function. The general
relationships between the post-sharpening adjustment parameters and the gear tooth surface changing in
the present study serve to expand the innovative engineering tools for continuity of production.
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