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Abstract— This paper highlights the experimental research
of the author regarding the implementation of spiral bevel gears
with curved teeth, teeth which have a decreasing depth of the
tooth. The subject of this paper is the process of toothing a gear
with the use of cutting tools designed and made by the author.
The knives have the side and peak edges generated according to
an involute spiral. The proposed solution for the side and peak
surface coincidental grinding is based on a key property of
cylindrical helicoids of constant pace which states that the
common screw axis is affine-invariant to the rototranslation of
either helicoid. The exploitation of this property for achieving
active helical edges ensures the conservation of the shape of the
cutting tool’s edges, and consequently of its profile. The results
obtained with these cutting tools in the processing of the gear
are being presented.
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I. INTRODUCTION

HE paper presents the experimental research obtained

in the realization of a spiral bevel gear with curved

teeth, processed with experimental cutting tools. The
profile of these knives is formed by complex surfaces that
are part of helicoids. In this case the side edge of the
knives has a directrix curve made according to an
involute spiral. The study is based on the spatial meshing
method. An important issue is that of identifying an
experimental model for the rectification of the cutter
profile so that the deviations of the cutting edges from the
sharpening field do not exceed the allowed values. When
profiling the cutting tools the following problems have to
be solved:
1) Determining the abrasive wheel contour (theoretic
profile);
2) Determining the relieved surface equations.

Solving these problems is done simultaneously in a
computing section by using the spatial meshing laws and
coordinate system transformations [1].

The study method used in this paper is the simultaneous
calculation of the knife's profile and that of the disc to be
grinded in a computing section through the use of the
laws of spatial meshing and through the coordinate
system transformation. This study is based on an
algorithm published by the author [2], which determines
the following:

1) the generating curve;

2) the cutting edge in the computing section;
3) the rectified edge;

4) the cutting tool's theoretical edge;

5) the actual rectified edge;

6) the contour of the profile.

From a geometrical perspective, the profile of the
knives corresponds to conjugated surfaces defined
according to meshing theory [3]. From a kinematic
standpoint, the issue at stake is that of determining the
profile's dimensions and the limits within which it is
possible to generate the conjugated surfaces of teeth.
Meshing theory, developed for meshing in the plane,
cannot be applied since the cutting edges of the knives
are part of Archimedean helicoids, surfaces that cannot
be wrapped by cone or by cylinder at the rectification
stage [4], [5].

A complete theoretical study of the gear cutting tool
profile to be toothed is possible only by using differential
geometry and vector algebra. These complicated
computational relationships can be fully exploited with
the aid of computer programs. The mathematical model
takes advantage of the possibilities offered by computer
software and allows for a detailed study of the kinematic
geometry, as well as that of the generation and control of
the studied profiles [6]. Using the model provided, it is
possible to simulate and study the execution errors and
assess their influence on the process’ precision.

II. TOOTHING KNIVES

Computer programs are used for simulating outer gear
cutting tools which have a straight cutting edge. We have
chosen the module m = Smm knives which equip the 6”
Hardac — Gleason gear cutting heads which are situated
in the middle range of sizes and are more frequently used.

The clearence finishing is done through rectification
with a grinding abrasive disc cutter on a Niles type worm
milling machine or on thread grinding machines.

In order to attain the coordinate display functions of the
cutting edge, of the abrasive tool coordinates, and of the
real cutting edge deviations from a straight line passing
through its extreme points, a software program was
developed by the author. Based on the algorithm
described above, the software program computes the
following:
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1) the p independent parameter according to the blade
module;
2) the generating surface coordinates;
3) the abrasive tool surface coordinates;
4) the actual seating surface coordinates;
5) the deviation of the cutting edge from a straight line
passing through its extreme points;
6) the maximum deviation A.

The simulation results were obtained by taking into
consideration the following parameters:
1) the number of the actual seating surface sections: 6;
2) the number of points on the profile: 7;
3) maximum allowed tolerance: 0.08mm.

The data obtained was processed and verified using a
software program written in MathCAD. Fig. 1. shows the
deviations of the cutting edges.
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Fig. 1. The deviation of the profile

III. EXPERIMENTAL RESEARCH

The construction and technological constraints posed
by the bevel gears are quite different than those of spur
gears. Achieving and maintaining the angle between the
axes during use for bevel gears is more difficult than
achieving and maintaining the parallelism of the axes, in
the case of spur gears.

The fact that most bevel gears have cantilever axes
leads to the elastic deformation of these during operation
and increases the risk of edge contacts, as well as high
and uncontrolled stress concentrations appearing in and
around the contact areas [7].

This is one of the reasons why bevel gears with curved
and spur teeth are used less frequently, especially in
demanding gears, in favor of curvilinear toothed gears.
Moreover, the issue of crowning the side edges of the
teeth of spiral bevel gears becomes an important
necessity due to its ubiquity in bevel gears toothing
systems. It is to this effect that a diverse range of bevel
gears have been designed and manufactured over time,
using various execution technologies to obtain the
crowning, which has led to the creation of a large number
of gear cutting tools and machinery. Spur gears have a
low degree of coverage while gears with inclined teeth
are very sensitive to the variation of the angle between
the axes [8].

Bevel gears with curved teeth ensure a high degree of
uniformity for transmitting motion, their coverage
through flank advancement is increased, and the total
coverage is improved significantly. The functional
qualities of bevel gears with curved teeth are superior
with respect to other types of spur or inclined teeth. This
superiority becomes even more apparent if we take into
account the other advantages offered by these gears, such
as the avoidance of total load-bearing through the local
optimization of the contact spot due to the crowning,
which makes that the convex side of the tooth come in
contact with the concave part of a tooth, as well as the
decrease in the position vector of the force application
point [9].

The kinematic accuracy is the main requirement for
these gears [10]. The structural type and the
technological execution process type is determined
according to the destination of each gear. If the structural
type choice is between straight and curved teeth, the
selection criteria being structural but equally determined
by the existing equipment of the gear cutting machinery,
we have the possibility of substituting these gears, a fact
which simplifies the equipping of these machines [11].
Experimental research were carried out with these knives
with regards to the execution of a spiral bevel gear with a
decreasing depth of the tooth. The research was aimed at
determining the variations of the flanks of the teeth that
were processed with these involute knives, in the case of
sharpening the knife within the entire available work field
[12].

The processing of the gear was done on the Gleason
528 curved teeth bevel gear cutting machine. A software
program was developed, using Visual C++, in order to
calibrate the machine head. It has been named “Software
for computing the tool’s parameters in the process of
cutting gears with decreasing tooth depth”. Four groups
of knives were mounted on the 6” cutting head, each
group consisting of an outer and inner knife, rectified on
a technological device designed and made by the author.
The outer knives were fixed at the outer diameter D,
while the inner knives were mounted at the inner
diameter D; [2]. The blades were adjusted using the set of
jigs that are part of the machine’s standard equipment.
The semi-finished wheel was mounted on the gear cutting
machine which was previously adjusted according to the
Gleason adjustment chart. The gear cutting head was first
fitted with the Gleason knives. Three of empty spaces
between the teeth were done using this setup, after which
the same head was equipped with the experimental knives
adjusted to the same diameter.

After making the first measurements, during the head
adjustment phase, we found that the inner and outer
diameters of the head, which had been equipped with the
outer and inner experimental knives, were kept constant
for any diametrical pair of points located on the side
seating edge surfaces of the knives. The grinding
program was ran after this phase and the obtained data
was then used in developing the adjustment chart for the
Gleason 13A gear cutting machine. The grinding depth of
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the gear cutting machine was adjusted the experimental
knives. Three empty tooth spaces were done, pictured in
Fig. 2.

These were followed by five other knife sharpenings,
each time at a depth of 3mm so that the maximum blade
sharpening width (two-thirds of the height) would not be
exceeded. The knives were sharpened a total of six times.
After each sharpening, three more empty tooth spaces
were made, each one being separated on the gear by an
empty space processed at a smaller depth. Neither signs
of wearing on the knife profiles, nor their warming have
been observed.

&
¢4 7%
P
ol \
45&< \
\
\ »
) ~
A
/
5 </ .
L f0° SOfe AN 2 g
BN ~
==l
/'/
9 23
T
423
(L1 2

Fig. 2. The toothed wheel used for testing

The measurements were done on a JCS-CLY 1086,
coordinate measuring machine, pictured in Fig. 3.

Fig. 3. Experimental measurements

4. THE RESULTS OF MEASUREMENTS

Fig. 4. and Fig. 5. show the topographical comparison
of the wheel teeth flanks, and these were generated by
inputting the coordinates of the measured points into the
Mathcad 10 Professional software program.

The data obtained from the measurements was further
processed before being used for parameter assessment
and comparison.
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Fig. 4. The topography of the gap between the teeth done with
the experimental knives
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Fig. 5. A comparison of the gaps between the teeth's
topography made with the experimental knives after the second
and third sharpening

Differences between the measuring points from flanks
on the Y axis when processed with the experimental
knives at the second and third re-sharpening are shown in
Fig. 6.
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Fig. 6. Differences between the measuring points from flanks on the Y axis when processed
with the experimental knives at the second and third re-sharpening

V. CONCLUSIONS

Through the study of the empty spaces, the comparative
analysis of the gear teeth flanks of the processed gear,
given the same processing conditions (in terms of
sharpened depth compensation through machine
adjustment), allows for the formulating of the following
findings:

1) The numerical results and measurements point out
that the obtained knife profile (the cutting edge deviation
after the re-sharpening) falls within the allowed
tolerances and the tooth flank remains constant during
processing;

2)We have confirmed that the theoretical and
experimental computation methods are correct.
Moreover they can be applied to any process variation.
We feel that the experimental research, through
computer simulation, and the direct research in
exploitation systems, do clarify many of the technical
aspects regarding the technology for the execution of
gear cutting tools used on spiral bevel gears.

3) Measurements using an electronic pyrometer were
done with regard to the heat transferred to the knives
during the grinding process. We have found that the
temperature of the knives was not raised by more than
1..2 degrees Celsius above the ambient temperature.
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