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Good Things
Need Some Time

It began more than 100 years ago: The story of skiving. On March 1st, 1910,
Wilhelm von Pittler registered a patent which was to revolutionize the manu-

facture of internal gears.
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His patent for skiving with the title “Procedure for the cut-
ting of internal gears by means of a internal gear-like cutting
tool on which the faces of the teeth are provided with cut-
ting edges” was initially reminiscent of the method for shap-
ing internal gears that was already known at the time. The
truly revolutionary aspect of this idea required a second look.

Differentiation from shaping and hobbing

With shaping, the cutting movement is generated by means
of the stroke of the shaper cutter in an axial direction, which
rotates the workpiece and the tool somewhat further in ac-
cordance with the number of their teeth during the oscillat-
ing stroke movements. The tool is pulled back from the work-
piece in a radial direction to an extent sufficient to ensure a
collision-free return stroke. All in all, this results in an inter-
rupted cutting movement of the shaper cutter. Because of the
return stroke, during which no cutting takes place, this shap-
ing of cylindrical gears always involves a time loss.

Fig. 1: Patent application of Wilhelm von Pittler and sketsch, 1910

Approximately 50 years prior to the invention of skiving,
Christian Schiele obtained a patent for a screw-shaped hob
for the manufacture of cylindrical gears, the predecessor of
the hob. The advantage of this procedure lays in its enormous
productivity. Even though the manufacture of such tools was
not simple, the short processing times and the high quali-
ty of the gears manufactured in this fashion were convincing
enough to ensure that hobbing became the established stan-
dard toothing procedure for cylindrical gears.

Unfortunately, hobbing can only be applied to external cy-
lindrical gears. In order to produce rings with internal gear-
ing, even today one is still forced to rely on broaching, form
cutting or shaping. It is precisely at this point that skiving
opens up new opportunities. An internal gear with cutting
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on the abutting face is used as the tool. In contrast with shap-
ing, however, the cutting movement is not generated by an
oscillating stroke movement. It is far more the case that the
intersecting axis alignment of the tool and workpiece creates
an axial relative speed which makes the cutting movement
possible. During the rotation of the tool, each cutting edge
cuts through different tooth depths on the workpiece — a
movement which is required for the cutting process. The in-
tersection of the axes accounts for the fact that the helix an-
gle of the tool and the helix angle of the internal gear to
be manufactured differ by the amount of the axis intersec-
tion angle (see Fig. 1 sketch). Von Pittler thus developed a
continuously revolving toothing process which can drastical-
ly increase productivity for internal gearing. As a basic rule,
skiving makes it possible to generate any kind of periodic
structures on axially symmetrical lateral areas.

Fig. 2 shows the degrees of freedom of the kinematics of skiv-
ing. In addition to this gradient for the axis intersection angle,
there is also a tilting angle, the gradient of which proceeds
perpendicular to the axis of rotation of the tool and perpen-
dicular to the gradient for the axis intersection angle. With
this tilting, a relief angle is achieved between the tooth flanks
of the tool and the tooth flanks of the workpiece, which can
also be referred to as the kinematic relief angle. In addition,
two linear offsets are required. On the one hand, the distance
between the workpiece axis and the tool axis must be adjust-
ed, and on the other hand, the tool must be traversed along
the workpiece axis. This traversing of the tool along the work-
piece axis requires a rotation which overlaps the tool rotation
or the workpiece rotation which is dependent on the axis in-
tersection angle. It is usually referred to as differential speed.
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Fig. 2: Kinematics of the skiving process: The intersecting axis arrange-
ment is achieved by a tilting around the distance of closest approach and
base points of the perpendicular of the axes of tool and workpiece.
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Classic tools for skiving

In accordance with the idea contained in Pittler’'s patent,
shaping cutters have been used for skiving in the past. This
becomes particularly evident when the tool is a straight-
toothed cylindrical cutting wheel. The axis intersection an-
gle must then correspond precisely to the helix angle of the
internal gear to be manufactured. Such tools can therefore
only be utilized if the helix angle of the internal gear to be
manufactured is sufficiently large. The cutting profile must
be adjusted in accordance with the helix angle. Because of
the cylindrical contour of the cutting wheel, it is mandato-
ry to set a suitable tilting angle in order for a usable relief
angle to result from the process. This tilting angle requires
a renewed adjustment in the tooth profile of the cutting
wheel (for an example of such tools, see Fig. 3 above). The
immediately recognizable advantage of such tools is the sim-
ple resharpening. It is sufficient to resharpen after the strip-
ping of the rake face and to apply a new coating to the tool.
The geometry does not change, which means that after each
resharpening with the original kinematics, the same tooth
form is generated. The longer the cutting wheel is, the more
often resharpening can be applied to it and the lower the as-
sociated tool costs becomes.

The decisive disadvantage to such tools lies with the relief
angle, which is always way too small. The smaller the relief
angle, the higher the thermal load on the cutting edge and
the shorter the tool life of the tool. The
wearing characteristics with cylindrical
cutting wheels are always exposed sur-
face wear and cracks. The problem of
a relief angle which is too small can be
avoided through the utilization of con-
ical tools.

Furthermore, Fig. 3 shows a conical
cutting wheel. The relief angle is inte-
grated here in the tool. If the helix an-
gle and the axis intersection angle are
different, then one will obtain extreme-
ly different rake angles for the leading
and trailing flank of the cutters. In such
cases, a step cut must be carried out
on the rake faces. It is only that a sim-
ilar rake angle can be achieved for the
leading and tailing flanks of the cut-
ters. This makes resharpening a dif-
ficult process. In addition to that, a
somewhat different profile is obtained
after each time the tool is resharp-
ened. In order to produce the same
exact tooth space, adjustments to the
kinematics are necessary. Experience
has shown that conical tools can be re-
sharpened only a very few times.

Here the first dilemma becomes ev-
ident: A cylindrical tool requires little
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Fig. 3: Classic tools for skiving: Cylindrical (above)
and conical
(Source: Bechle, A.: Beitrag zur prozesssicheren
Bearbeitung beim Hochleistungsfertigungsver-
fahren Walzschélen, Dissertation WBK, University
Karlsruhe, 2006)

effort for resharpening, but always exhibits an inferior behav-
ior with respect to wearing. A conical tool has a significantly
better wearing behavior, but it can be resharpened only a very
few times and this resharpening is a very difficult process.

Why has skiving been unsuccessful to date?

The productivity of a machining process depends essential-
ly on thickness and on the number of cuts per time unit. The
great potential of skiving is evident in the number of cuts
per time unit. The required cutting speed can be achieved by
means of suitable tool and workpiece rotation speeds and
through the suitable choice of the axis intersection angle. For
a dry cutting procedure with a carbide tool, cutting speeds of
150 to 250 meters per minute are beneficial. Simple approxi-
mate calculations make this difference clear: With an assumed
rotation speed of 2,000 rotations per minute, which leads to
200 meters per minute of cutting speed, and with a tool with
25 teeth, 50,000 cuts are obtained per minute. A hob with 8
studs and two gears, which requires only 1,200 rotations per
minute of tool rotations for the same cutting speed, provides
by contrast only 19,200 cuts per minute.

Naturally the question comes up of why, given this po-
tential, skiving has had a completely unsuccessful exis-
tence to the present day. It is certainly not for lack of scien-
tific interest. For more than 20 years, many investigations
have been carried out in this area, all of which are in agree-
ment on one point: skiving is a high-
performance procedure, the suc
cess of which cannot take hold
because of the limited tool lives, ex-
cessive machinery vibrations and
critical chip removal.

The previously mentioned parame-
ters of chip thickness and cuts per
time unit do indeed define the es-
sence of productivity, but it is the
cost-effectiveness of a procedure
which is of decisive importance for
success in everyday practice. Short
processing times alone are not suffi-
cient if the tool life is unsatisfactory.

In order to understand why the
tools fail so rapidly, one must an-
alyze the chip formation in detail.
Even though the kinematics of skiv-
ing can be described in very simple
terms, the relation between the cut-
ting edge and workpiece is a compli-
cated movement for which suitable
simulation tools are required (Fig. 4).
In this example, the workpiece has
48 teeth and the tool 17. After every
17 teeth, this cutter machines the
next tooth space of the workpiece.
Because the number of teeth is rela-
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Fig. 4: Track of a
cutter in relation to
the workpiece from
above (left) and
viewed from the in-
ner radius (below)

Y

tively prime, all of the tooth spaces of the workpiece will ac-
tually be machined. If one numbers the tooth spaces sequen-
tially and counts them in counterclockwise order starting with
the tooth space at 9 o'clock, then the cutter depicted will ma-
chine the tooth spaces in the sequence 1-18-35-4-21-38-7
etc., or to formulate this precisely ix17mod48+1.

In the right-hand side of the image, one sees the movement
of the cutter within a tooth space. The cutter plunges into
the tooth space from the upper right. The radial movement
advances as far as the bottom of the tooth space and then
back again out of the tooth space. During the radial plung-
ing and emergence, the cutter moves axially along the face-
width of the workpiece. The curved course of the track is
significant. From it one can recognize that the tip rake angle
is continuously changing during the cutting in a tooth space
and can even take on a negative value at the end.

Starting results are obtained when simulation tools are used
for precise analysis of the dimensions relevant to the rake and
relief angles for chip formation. The rake angle is zero de-
grees at best (0°) and during the process it can take on neg-
ative values down to minus fifty degrees (-50°). It is easy to
appreciate that even the most suitable cutting material is sub-
jected to stresses in excess of its limits. This is intensified even
more by the fact that negative rake angles always lead to an
increase in cutting forces and result in considerable challeng-
es to machine tools with respect to profile accuracy, dynam-
ics and stiffness.

It is because of this combination of tool problems, unfavor-
able chip formation and extremely high demands on the ma-
chine tool that skiving, despite its benefits, has still not be-
come accepted.
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Machine and tool — The success factors for skiving

Modern machine concepts, which are optimized with re-
spect to chip flow, stiffness, attenuation and geomet-
ric accuracy, have made tremendous advances recently.
An example is the Oerlikon Spiral Bevel Gear Cutting Ma-
chine C 29. This was originally developed for the high-per-
formance dry cutting of bevel gears. In addition, it of-
fers ideal characteristics for skiving. The outstanding
stiffness, the highly dynamic direct drives and the chip
flow which is optimized by the vertical concept, along
with precision axis alignment, are necessary prerequisites
for the success of skiving.

In addition to the machine tool, the tool itself is the deci-
sive success factor. As was shown above, chip formation is
quite complicated with skiving and always associated with
disadvantageous conditions for the classical tools, no mat-
ter whether they be cylindrical or conical in design. Usable
relief angles lead to conical tools which cannot be imple-
mented in a cost-effective manner. Cylindrical tools which
can be resharpened in a way which is acceptable from
the point of view of cost-effectiveness, do not offer suffi-
cient tool life. Under ideal circumstances the tool design
would only take the cutting edge into account. Any com-
promises with regard to the cutting wheel would become
obsolete.

Fig. 5: Skiving on an Oerlikon Spiral Bevel Gear Cutting Machine C 29 -
the machine axes are shown in red.
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Fig. 6:
Stick blade cutting wheel

This tool technology is already available and has been tested
worldwide for a very different application. The Oerlikon stick
blade system with the ARCON® and SPIRON® cutter heads of-
fer precisely these possibilities for spiral bevel gears. A rect-
angular carbide bar is ground to produce a cutting pro-file
and then coated and inserted in the core of the cutter head,
where it is built with high precision.

The solution is thus, in simple terms, to apply this stick blade
system to skiving. Instead of a cylindrical or conical complete-
ly carbide cutting wheel, now only the cutting geometry is
ground into a carbide bar blade. These profiled bar blades are
fastened in a suitable cutter head core in order to form the
cutters of a stick blade cutting wheel (Fig. 6).

The advantages of this tool are immediately evident:

¢ Rake and relief angles can be freely selected and can be op-
timized for chip flow

® Resharpening is a reliable process which has been mastered
worldwide for more than ten years for bevel gear tools

¢ Profile modifications can be implemented immediately by
grinding the bar blades

A tool system is thus created which for the first time per-
mits the optimization of the blades for skiving. Together with
the proven Oerlikon bevel gear cutting machines, a manufac
turing system is available with which skiving can now finally
make a successful appearance on the market, 100 years af-
ter its invention.
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Closed loop production

Reliable processes require far more
than reliable machines and suitable
tools. It is only the integration of all steps
along the process chain into a continuous

data technology composite which can guar-
antee stable and reliable results. This method of
approach is familiar to Klingelnberg. The closed loop
has been a proven standard worldwide for bevel gears
for many years. In order to ensure that the user prof-
its from the same process reliability with skiving that
he has with bevel tooth cutting, Klingelnberg has de-
veloped the closed loop for cylindrical gear machin-
ing by means of skiving. The structure of closed loop
production can be seen in Fig. 7. Everything begins
with the design of the gearing. Here the macrogeom-
etry of the component is defined and the tooth pro-
file is modified in accordance with various optimization
criteria. In contrast to the approach with bevel gears,
here only one single internal gear, is observed. It is usu-
al with involute cylindrical gears to observe the topog-
raphy deviation between the optimized and the non-op-
timized tooth flank instead of the ease-off. As soon as the
complete gearing geometry is calculated, the theoretical nom-
inal data of the tooth form is generated and the calculation of
the tool and of the kinematics begins.

Kinematics and the tool exhibit an influence on one another
in this iterative process. The user is shown the important pa-
rameters for chip formation as the basis for the manufactur-
ing simulation of the skiving process. He has the opportunity
of optimizing the tip rake angle, the flank angle and the re-
lief angle at the head and flanks. As a by-product, he obtains
the appropriate kinematics for the machining equipment and
the form of the cutting edge. This software package supports
not only stick blade cutting wheels but also just as much the
classical cylindrical or conical cutting wheels with and with-
out rake face offset. The gearing design is completed after
these steps and the data for the component to be produced,
the data for the tool and the data for the machine tool are
all completed.

The next step in the process chain is the tool production. For
stick blade cutting wheels, it is here that the tool closed loop
comes into play, as has been known for many years for bevel
gear tools. The description of the tool contains not only the
number of teeth and the form of the cutting edge, but also
all of the geometric parameters of the tool. These include all
rake angle and relief angle information as well as all data re-
garding the position of the stick blade in the cutting wheel.
Once a stick blade has been ground, it can be dimensioned
geometrically. Even the smallest deviation of the stick blade
profile from the nominal form is recorded and processed in a
correction algorithm. The results are modifications to the set-
ting values of the grinding machine, so that the measured de-
viations are minimized. There are now stick blades completed
which exactly possess the specified profile. These are posi-
tioned in the cutter head with micrometer exactitude by the
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Closed loop for skiving
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Oerlikon CS 200 cutter head adjustment device and screwed
in place. Starting here, it is ensured for the remainder of the
process that a tool will be used which corresponds precisely
to required specifications.

The truly distinctive features of skiving a gear on an Oerlikon
cutting machine of the C series are the very short process-
ing times and the manufactured qualities. Once a part has
been milled, its dimensions are recorded in order to determine
their deviations from the theoretical form. Klingelnberg fol-
lows a new path for the measurement of these parts. Instead
of the usual measurement of profile and lead trace as devi-
ations from an involute tooth form, measurement is carried
out here with a topographic grid. If the deviation at all grid
points is practically zero, then the manufactured component
will correspond to the specifications resulting from the tooth
design. Deviations will once again be fed into a correction al-
gorithm which calculates the correction values for the cutting
machine motions. As is the case with the machine tool, these
are fed per network to the machine control unit which then
automatically grinds the next part in such a way that the de-
viations become minimal.
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All closed loop users worldwide now agree that the main ad-
vantage of closed loop production are the reliable processes.
In addition to process-capable machines and tools, it requires
control loops which keep the process stable. It is only when
one produces precisely what was designed that gearing opti-
mizations can occur.

So why skiving?

Internal gears which previously could only be manufactured
through the use of shaping can now be manufactured very
productively and with high precision when skiving is applied.

Even though the kinematics of the skiving process appears
simple at first glance, the chip formation is actually very com-
plex. Rake angles and relief angles which are subject to con-
tinuous changes during the intervention lead to unfavorable
chipping conditions with classical cutting wheels — no matter
whether they are conical or cylindrical in shape. This is pre-
cisely the reason for the previous lack of success of skiving
during the last 100 years.
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The decisive success factor for skiving is the stick blade tooling
system with its open design of relief angles and rake angles.
These kinds of tools have been successfully utilized around
the world for the dry cutting of spiral bevel gears for more
than a decade.

Thanks to the very short machining times and the high com-
ponent quality, it has become possible to reduce manufac-
turing costs drastically — while as a “by-product” the energy
consumption per component is falling and the stick blade tool
system is ensuring exceptionally short run-through times. All
prerequisites, both for large lots and for individual piece man-
ufacture, are thus fulfilled.

The system process reliability of the procedure is based on
the closed loop for the production. In terms of data, the tool
preparation and the skiving process are in a continuous data
network with the internal gear design. Thanks to the under-
lying quality control loops, it is ensured that that which is pro-
duced is also exactly what was designed.

The actual principle has not changed since the registration
of the Von Pittler patent. However, technical progress with
respect to machinery, tools and production processes in
general has ensured that it turned out well after all.

Dr.-Ing. Hartmuth Mdiller

Dipl.-Ing. Frank Seibicke
Chief Engineer Calculation Software
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