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Introduction

Nowadays, gear skiving is widely used in industry for the produc-
tion of tooth profiles. It is a highly productive continuous cutting
process with a geometrically defined cutting edge for rotation-
ally symmetrical periodic profiles, which is mainly used in the
manufacture of toothed components (Refs. 1, 2, 3, 4, 12). Due
to developments in the field of cutting materials, machine tech-
nology, and process understanding, the process can now also be
applied and used on universal machining centers (Refs. 1, 12).
In addition, new cutting materials and tool designs enable the
machining of soft and hard components, which means that this
technology offers great potential for optimization. Due to the
complex engagement conditions and the interaction of these with
the process parameters and process control, a good understand-
ing of the process is the basis for a stable machining process and
high-quality parts during gear skiving (Refs. 1, 3,12, 15).

This report uses an application case to demonstrate the
optimization potential of gear skiving in the production of
internal splines on a universal machining center. The process
established in the example is then analyzed using the software
tool OpenSkiving developed by the wbk Institute of Production
Science of the Karlsrube Institute of Technology (KIT) (Ref. 13)
and the results are discussed. Finally, the most important find-
ings are summarized.

Gear Skiving

During gear skiving, the tool and workpiece are engaged and
rotate continuously and synchronously in the same way as
crossed helical gears (Ref. 1). The tool axis is inclined relative to
the workpiece axis by the axis cross angle 2, which is calculated
by the helix angle of the tool and workpiece (Refs. 1, 2, 3). The
profile to be produced on the workpiece is created by the roll-
ing process in combination with the tool shape and the relative
movement of the tool and workpiece. The cutting speed com-
ponent v, is created by the relative movement and the axis posi-
tion, the feed movement f, takes place along the axis of rotation
of the workpiece, Figure 1 (Refs. 1, 2, 3).

The radial infeed usually takes place in several cuts, which
can be adapted to the respective machining case using
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different infeed strategies. It is often useful to differentiate
between roughing, semifinishing, and finishing cuts and to
vary the process parameters accordingly.

Different processes and tool types are used in gear skiving.
A distinction is made between centric processes with conical
tools and eccentric processes with cylindrical tools (Refs. 1,3,4).
With conical tools, the clearance angle is designed into the tool.
Machining takes place in the center, Figure 2. The regrinding
of conical tools is only possible in a small profile accurate area
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Figure 1—Process kinematics for gear skiving (Ref. 14).
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due to the constructive clearance angle. Cylindrical tools are
designed without a constructive clearance angle, which means
that these tools can be reground profile accurate more often.
Due to the lack of a constructive clearance angle, a kinematic
clearance angle is generated via an eccentric tool position,
Figure 3 (Refs. 1, 4). The different process and tool shapes are
shown in Figures 2 and 3. Tools are generally designed as index-
able inserts, solid carbide, or HSS tools. The tool selection must
be matched to the corresponding machining case.

Compared to conventional methods for machining internal
gears, gear skiving offers economic optimization potential.
Compared to gear shaping, shorter machining times and lower
tool costs compared to gear broaching can be realized (Ref. 3).

Use Case
New technologies such as skiving offer enormous potential
for optimization. To exploit this potential, it is necessary to
analyze existing process chains and identify possible starting
points. The application case described here involves the pro-
duction of an internal DIN 5480 spline with small to medium
batch sizes of 10-40 parts, the gearing data is summarized in

Table 1 (Refs. 8, 9).
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Figure 2—Conical tool (Ref. 14) Figure 3—Cylindrical tool (Ref. 14).
Internal Spline Data Parameter Description
DIN 5480 NI'62 x 3 x 30 x 19 H6 H8
Normal module [mm] mn 3
Number of teeth z -19
Profilshift factor X -0.283
Pressure angle [°] alpha 30
Helix angle [°] beta 0
Face width [mm] b 29
Material CrNi-based case-hardening steel
Hardness [HV] 740 +/- 40
Target pre machining quality Qpre DIN 5480 10
Target finish machining quality Qfin DIN 5480 8

Table 1—Gear data.
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Figure 4—Sequential process chain on single-purpose machines.

The sequential process chain established before optimiza-
tion is shown in Figure 4.

Sequential machining on single-purpose machines has so far
led to a long process chain with a long throughput time. The
manufacturing processes commonly used to date for internal
gears, such as gear shaping or gear broaching, offer only lim-
ited possibilities for economically viable hard-finishing pro-
cesses, which is why the gearing was previously finished before
heat treatment. Due to the lack of a hard finishing process,
there was no possibility of compensating for the changes in
volume, shape, and position of the gearing induced by the heat
treatment. In addition, these geometry changes are very dif-
ficult or even impossible to predict due to the large number
of influencing factors, making stable prediction extremely dif-
ficult. Due to the lack of a hard finishing process, the process
chain described was quality-critical and the manufacturing
process was not stable.

Due to today’s customer and market requirements, continu-
ous process improvements in terms of costs, throughput time,
and quality are essential. In the example considered here, the
implementation of gear skiving and the associated process
integration on a universal machining center made it possible to
significantly reduce the process chain and throughput time. By
adapting the process characteristics, e.g., to small chip thick-
nesses and the use of high-performance cutting materials and
coatings, it is also possible to carry out hard finishing after
heat treatment using gear skiving (Ref. 3). This can sustainably
improve component quality. The optimized combined integra-
tive process chain on universal machining centers is shown as
an example in Figure 5.

Machine 1 Machine 2

Turning Heat Treatment

Gear Skiving | XRounding Edge

Gear Skiving I

Figure 5—Combined integrated process chain on a universal process-
ing machine.
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The tool and process design is crucial for a stable gear skiv-
ing process. Due to the complex engagement conditions dur-
ing gear skiving, which change throughout the process, a deep
understanding of the process and high-quality calculation and
simulation tools are the basis for a stable process, good com-
ponent quality, and low tool wear (Refs. 1, 2, 3,13, 15). In the
application considered here, a gear skiving tool was designed
for premachining in the soft state and for hard fine machining
in the hard state (Ref. 16).

A centric process with a conical tool as shown in Figure 2 is
used. The tool data is summarized in Table 2.

Tool Data
Outer diameter [mm] 46.08
Teeth number [-] 13
Helix angle [°] 17°
Helix direction RH
Shank diameter [mm] 25
Facewidth of Tool [mm] 111
Substrate solid carbide H10F
Coating PVD AICrN
Edge rounding [um] 6-10
Front rake angle [°] 10°
Clearance angle (TIP) 8°
Clearance angle (Flank) ca. 3.95°

Table 2—Tool data.

Setup

The components are manufactured on a DMG CTX beta 1250
TC universal machining center with main and counter spindles.
The GearSkiving 2.0 gear skiving cycle from DMG is used for
process control (Refs. 10, 11). The workpiece is clamped in a
collet for gear skiving on the main spindle on the bearing seat
previously machined on the counter spindle. Figure 6 shows the
tool and the workpiece in the processing machine.

Premachining
During premachining, the root circle is finished with the
narrow tool in the direction of the upper root circle dimen-
sion without protuberance. The allowance provided in the

tool is approx. 0.1 mm/flank. The cutting values summarized
in Table 3 are used.
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Figure 6—Skiving tool in use.

Cut vc [m/min] | fz [mm/rev] | ap [mm]
1-5 roughing 100 0.11 0.7-05
6 semifinish 110 0.08 0.2
7 finish 130 0.04 0.095

Table 3—Cutting data, semifinishing.

Machining is performed with a degressive infeed strategy in
seven cuts, whereby the cutting values for semifinishing and
finishing are adjusted in the last two cuts. The following figure
shows the infeed strategy for semifinishing, Figure 7.
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Figure 7—Premachining infeed strategy, OpenSkiving result graphic
(Ref. 13).

Finishing After Heat Treatment
After heat treatment, machining takes place in the same setup
as during premachining. Due to the existing tooth gaps in the
workpiece, determining the tooth gap position is crucial for

machining after heat treatment. For this purpose, a macro was
implemented on the universal processing machine which deter-
mines the angular position of the tooth gap using a measur-
ing probe. Figure 8 shows the determination of the tooth gap
position on the processing machine and the tool cutting edge
centered in the tooth gap.

In addition to the angular position of the tooth space on the
workpiece, the exact angular position of the cutting edge must
also be determined. Deviations in the angular positions of the
tool and workpiece lead to incorrect effective positions in the
process, resulting in deviations in the tooth profile and chang-
ing the meshing conditions.

Figure 8—Indexing on the processing machine and tool in the
engaged position.

Hard machining is carried out in a single flank cut in the
application to reduce the tool load. The infeed is performed
rotationally via the pendulum angle ¢ separately for the right
and left tooth flank. This reduces the tool load and both tooth
flanks can be corrected and modified independently.
Machining is carried out with the theoretical machining
parameters summarized in Table 4. Due to the changes in
shape, position, and volume induced by the heat treatment and
inaccuracies in determining the angular position, the actual
infeed in the process can vary in the first cut.

Cut vc [m/min] |fz [mm/rev]| ¢ [°] |ae [mm]
1 60 0.08 0 0
2,3 | semifinish 60 0.04 +/- 0.151 0.065

+/-0.302 | 0.065

4,5 finish 60 0.04

Table 4—Cutting data, hard-fine-machining.

The used processing principle is outlined in Figure 9.

In hard fine machining, it is advisable to design the process
parameters in such a way that the resulting chip thickness is
low to reduce the load on the tool’s cutting edge. The process
considered here was simulated with OpenSkiving (Ref. 13) to
evaluate the chip thickness, clearance, and rake angle as well as
cutting arc length, etc. arising in the process. Figure 10 shows
the calculated values of the maximum local chip thickness over
the unwound tool cutting edge.

The analysis shows that the process according to Table 4
produces very low local chip thicknesses along the tool cutting
edges. These small chip thicknesses lead to a low tool load,
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Figure 9—Processing principle hard skiving, OpenSkiving result graphic (Ref. 13).
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file, OpenSkiving result graphic (Ref. 13).
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Figure 13—Final result hard hard-skived internal spline.
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which is beneficial for hard machining. Single flank machin-
ing reduces the contact length of the tool’s cutting edges. It is
also seen, that the tool tip area with the theoretically expected
maximum chip thickness is left out (Refs. 1, 2). This has a pos-
itive effect on tool wear and machining quality.

The chip thickness is influenced by the axial feed, among other
things. When adjusting the axial feed, a compromise must be found
between tool load, envelope cut deviation in the flank direction, and
machining time to meet the requirements for hard machining.

During the implementation of the hard skiving process, profile
angle deviations were observed on the right tooth profile, the out-
going flank, Figure 11. These profile angle deviations are partly
due to the different meshing conditions on the incoming and
outgoing flanks. The profile angle deviation can be corrected by
correcting the relative position of the tool to the workpiece. Here,
the position and axis cross angles are the control variables. In the
application considered here, the profile angle error fi1, on the right
tooth flank could be corrected by adjusting the axis cross angle >..
For the correction of such deviations, a deeper understanding of
the process and the support of calculation models for process sim-
ulation is necessary (Refs. 13, 15). Figure12 shows the corrected
result after adjusting the process control.

Figure 13 summarizes the final results after process optimiza-
tion. In addition to the evaluation according to DIN 5480 (Refs.
8, 9), the gearing was also evaluated according to DIN 3962-1

to DIN 3962-3 (Refs. 5, 6, 7) in order to be able to evaluate the
quality achieved in relation to this standard. The gearing qualities
reliably achieved in the hard skiving application are summarized
in Figure 13.

Result and Summary
By changing the process from sequential processing on single-
purpose machines to combined processing on universal process-
ing machines, the process chain and therefore the throughput
time could be reduced by three weeks. The use of new cutting
materials and technologies has also drastically reduced the
machining costs of internal spline by 30-50 percent. Further-
more, the newly introduced hard-finishing process increases
component quality and significantly reduces quality costs. In
the example presented here, process integration, process anal-
ysis, and optimization made it possible to introduce process-
reliable hard fine machining with skiving up to a quality of IT 7.

The right process design is always a balancing act between
cost-effectiveness, quality, and process stability. Here, gear
skiving offers a wide range of control variables that must be
coordinated on a case-by-case basis.

Practical implementation in production shows that a cross-
functional understanding of the process by all parties involved
in the process is essential for the successful implementation of
gear skiving technology (Ref. 15).
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