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1. Introduction

Gear skiving is particularly well suited for the production
of internal gears and external gears with nearby interfering
contours. It represents a balanced trade-off between produc-
tivity and flexibility, offering higher productivity compared to
gear shaping and greater flexibility compared to broaching.
Gear skiving has become increasingly important in recent years
which has motivated ongoing research activities and its estab-
lishment in series production [1].

Fig. 1. Schematic view of the skiving process

Characteristic for this process are the synchronously rotating
workpiece and tool axes, that are arranged at a axis-crossing an-
gle Σ to each other, creating the cutting speed, see Figure 1. The
complex process kinematics lead to a high variance of the effec-
tive cutting conditions across the tool profile and engagement
[2]. Furthermore the process parameter windows are restricted
by negative rake angles and small clearance angles [3].

While early research focused primarily on accurately mod-
eling the skiving process, recent studies increasingly empha-
size improving the resulting gear accuracy and quality. With
significant advancements in skiving technology and its growing
industrial adoption, research now often examines how process-
related errors—arising from tool, workpiece, or machine devi-
ations—impact the final gear quality.

Guo et al. introduced a method for calculating the theoretical
tooth profile errors of gears machined by skiving with a focus
on the influence of the rake angle [4]. Building on the theories
of cutter enveloping gear, they analyzed the effects of tool po-
sition and orientation errors, as well as tool eccentricity error
on skiving accuracy. Their findings revealed a direct relation
between tool eccentricity error and profile deviations. Further-
more, the authors investigated the influence of the tooth ratio on
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helix as well as profile deviations through simulations, thereby
highlighting the critical role of tooth cutting order [5].

Lin et al. explored the influence of workpiece pose errors
on gear skiving accuracy by mapping the relationship between
the skiving tool and the tooth flank of the workpiece. Their
analysis demonstrated how workpiece pose errors influence cut-
ting depth and result in tooth deviations [6]. Cousins et al. as-
sessed gear quality after introducing minor alterations to the
axis-crossing angle Σ, X-axis shift, and Y-axis shift. Using a
Design of Experiments (DoE) approach, they evaluated how
cutting tool orientation affects the geometrical characteristics
of the finished gear in a series of experiments and developed a
statistical model capable of predicting the geometry based on
given tool offsets. This model allows tooling errors to be miti-
gated through positional adjustments within the skiving process
[7]. However, their model is constrained by a limited design
space, and its findings are only partially generalizable.

In contrast to existing research that primarily focuses on
establishing the relationship between skiving parameters and
workpiece quality, this work aims to analyze the impact of
tool deviations on local effective cutting conditions. Unfavor-
able cutting conditions, such as negative clearance angles, are
expected to not only degrade workpiece quality but also in-
crease tool load and wear. By extending an existing simulation
methodology to account for tool deviations, this approach en-
ables the analysis of their effects across various processes. Ad-
ditionally, the model allows for the transfer of findings to dif-
ferent tool and workpiece geometries, offering a more compre-
hensive understanding of the interplay between tool deviations
and skiving process dynamics.

2. Modeling

The underlying simulation is based on OpenSkiving. Open-
Skiving is an open source software for gear skiving kinematics,
tool profile, topography and cutting condition calculation devel-
oped at the wbk Institute of Production Science [8]. The process
kinematics and tool profiles are calculated based on the param-
eters of profile-shifted conical gears, as presented by Hilligardt
and Schulze [9]. This method enables iteration-free process de-
sign using predefined gear data for the workpiece and desired
tool properties.

The effective local cutting conditions are assessed through
a dexel-based geometric penetration calculation on the uncut
chip, which was introduced by Hilligardt et al. [10]. In the sim-
ulation, the cutting edge is discretized and normal vectors N⃗,
normal rake face vectors K⃗, normal clearance face vectors C⃗
and local tangential vectors T⃗ of the cutting edge are defined for
every discrete point. The workpiece is modeled by a number of
dexel, with triangulated end points. The uncut chip thickness h
is calculated along the cutting edge normal K⃗ on the rake face
for every incremental step. Afterwards the workpiece dexel are
trimmed against the triangulated sweep surface of the cutting
edge in its current position and the step before. This process is
depicted in Figure 2a) and b) in a two-dimensional view.

Fig. 2. Illustration of the geometric penetration calculation a) uncut chip thick-
ness calculation b) workpiece trimming c) local normal and speed vectors

The local cutting conditions are derived from the local speed
vectors. The resulting effective cutting speed v⃗e corresponds to
the relative speed between workpiece and cutting tool and is di-
vided into sliding speed v⃗se, which is tangential to the cutting
edge and the effective normal speed v⃗ne, see Figure 2c). The ef-
fective normal rake and clearance angles, γne and αne, are deter-
mined by the relative orientation of the effective normal speed,
the local contour normal, and the normal of the clearance face
within the cutting edge normal plane [10].

γne = − arccos
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The local cutting conditions are calculated for each discrete
incremental step and plotted as a function of the tool rotation
angle and the x-coordinate along the tool profile. Figure 3a)
shows the uncut chip thickness (h) field for the selected process
with no consideration of tool deviations. The resulting shape re-
flects the tool engagement across the leading and trailing flanks,
as well as at the tool tip. The color gradient in the plot repre-
sents the local uncut chip thickness. The maximum uncut chip
thickness occurs at the tool tip shortly after the first contact,
while the uncut chip thickness on the leading and trailing flanks
remains relatively small and constant.
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To facilitate the analysis of multiple processes or cuts, the
data is compressed by extracting the extreme values at each
point along the tool profile. This is shown in Figure 3b), where
the maximum uncut chip thickness at each profile point is high-
lighted. As observed in part a), the maximum uncut chip thick-
ness occurs at the tool tip.

Fig. 3. Effective local uncut chip thickness a) across the tool profile and engage-
ment b) extreme values across the tool profile

2.1. Tool deviations

Skiving tools can be regarded as gears and are typically mea-
sured using the same precision measurement systems. Accord-
ingly, the geometric parameters used to assess gear quality also
serve as a basis for characterizing tool deviations. DIN ISO
1328-1 specifies the geometric measurements used to determine
the quality of spur and helical gears [11]. These parameters are
not measured for every tooth. Profile and helix deviations, in
particular, are usually assessed through sample measurements
on a small selection of representative teeth, whereas the cu-
mulative pitch deviation Fp and total runout deviation Fr are
calculated based on measurements across all teeth (Figure 4).

Fig. 4. Definition of Fr and Fp

To streamline the characterization of manufactured tool pre-
cision, this modeling approach limits the required input param-
eters to Fp and Fr. These metrics offer a holistic representation
of the tool’s actual geometry. Additionally, the setup-related de-
viations overall radial Pr and axial runout Pp are incorporated
into the analysis.

2.2. Transformation of the tool teeth

The ideal geometric profile of the cutting tool tooth is calcu-
lated using OpenSkiving, see Figure 6a). The resulting profile is
multiplied for each tooth z and subsequently transformed based
on the individual deviations calculated from the input parame-
ters. These include the radial deviation Fr, pitch deviation Fp,
the setup radial runout Pr and setup axial runout Pp along with
the diameter dPp at which it is measured.

Setup-related deviations (Pr and Pp) are modeled as sinu-
soidal functions because their measurement methods typically
do not provide exact details on the curve’s order or progression.
Manufacturing deviations (Fr and Fp), on the other hand, are
modeled either sinusoidally or linearly based on their respec-
tive error orders OFr and OFp . As they are typically measured
on coordinate measuring machines, the number of orders can
be resolved to represent various profiles, accommodating influ-
ences such as clamping conditions and tool grinding processes.
Three exemplary tool profiles and their corresponding radial de-
viation orders are illustrated in Figure 5a. To represent the rela-
tive positional alignment of the deviation curves, the curves can
be shifted by defining a starting tooth zS , as shown in Figure 5b.

Fig. 5. Modeling of deviation progression a) with different error orders b) with
different starting teeth
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The individual radial deviations of each tool tooth zi are
computed in (3) and (4) and applied by translating the tool pro-
file along the Y-axis, see Figure 6b). In homogeneous coordi-
nates this corresponds to (5).

T =



1 0 0 0
0 1 0 Fr(zi) + Pr(zi)
0 0 1 0
0 0 0 1


(5)

Pitch deviation (Fp) and axial runout (Pp) are converted to
angular deviations ϕFp and ϕPp relative to the diameter at which
they are measured in (6) and (7). These angles are used to trans-
form the tooth profile and associated vectors through rotation
matrices (8), ensuring consistency in the altered geometry, see
Figure 6c) and d). The transformation is implemented under the
assumption that the tooth thickness remains constant.
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Fig. 6. a) ideal tool profile b) tool profile with radial deviation c) tool profile
with axial deviation d) tool profile with pitch deviation

3. Simulation study

The influence of the chosen tool deviations on the local cut-
ting conditions is investigated in an exemplary simulation study.
This study is designed to serve as a qualitative example, aim-
ing to provide an initial assessment of the effects on the local
cutting conditions. To maintain focus the workpiece geometry,
the tool geometry and the process kinematics were fixed, see
(Table 1). The selection of these parameters aligns with exper-
iments conducted in a previous study at wbk Institute of Pro-
duction Science, enabling comparison in subsequent validation
experiments.

Table 1. Workpiece, tool and process data

Workpiece data
Number of teeth z2 -82
Normal module mn 1.34 mm
Normal pressure angle αn 17.5°
Helix angle β2 22.5424°
Tip diameter da2 115.5 mm
Root diameter d f 123.08 mm
Generating addendum modification coefficient xe 0.1655
Tooth width b2 25 mm

Tool and process data
Number of teeth z0 48
Tip diameter da0 69.09 mm
Constructive tip clearance angle αc 0°
Helix angle β0 0°
Constructive tip rake angle γc 0°
Stair angle τ 0°
Axis-crossing angle Σ 24.75°
Immersion depth T 0.3 mm
Rotational speed n0 1290 rev/min
Feed rate f 0.3 mm/rev

Variable parameters encompassed are the kinds and values
of tool deviations and their progression. Individual deviations
as well as selected combinations are analyzed to capture poten-
tial interactions and their effects on the machining process. The
values of the parameters can be seen in Table 2.

Table 2. Factors of the simulation study

single deviation
deviation Fr; Fp; Pr; Pp
value 0.01; 0.05 Pp measured at dPp = 60mm
error order 0; 1; 3 only varied for Fr and Fp

double deviations
deviation Fr; Fp; Pr; Pp
value 0.01; 0.05 Pp measured at dPp = 60mm
error order 0; 1 only varied for Fr and Fp
starting tooth 1; 13; 25; 37

For each simulation the effective local cutting conditions
across all tool profiles are calculated and the influence of the
tool deviations is analyzed based on the extreme values along
the cutting trajectory.

4. Results and discussion

The simulation enables the assessment of local cutting con-
ditions for each individual tool tooth. To illustrate the insights
that can be gained from the simulation study a few exemplary
results are presented with a particular focus on the effects of
pitch deviations on local uncut chip thickness.

Simulations were conducted using a realistic tool deviation
of 0.01 mm [11] and an exaggerated deviation (increased by a
factor of five), see Table 2. This amplification was introduced
to enhance the visibility of the tool deviations’ impact on the
characteristic maps and extreme values. As the exact outcomes
are highly dependent on specific use cases, the main goal here
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is to provide a qualitative assessment; thus, most of the results
employ the deviation value of 0.05 mm. However, exemplary
results of the investigated process with deviations of 0.01 mm
are also provided in Figure 9 for reference.

The deviations within a single cut depend on the relative
deviation between the current and the preceding tool tooth.
Figure 7 displays the transverse section of the workpiece gap
alongside the corresponding characteristic map of the uncut
chip thickness for three tool engagement scenarios: negative
relative pitch deviation, no (relative) pitch deviation and pos-
itive relative pitch deviation. The deviations have an apparent
effect on the shape of the characteristic map, leading to pro-
nounced asymmetric loading on the two cutting edges.

Fig. 7. Transverse section of the workpiece gap and characteristic map of the
uncut chip thickness with a) negative relative pitch deviation b) no (relative)
pitch deviation c) positive relative pitch deviation

The depicted scenarios arise from a sinusoidal pitch devia-
tion pattern (as shown in Figure 8a)) and the given tooth count
ratio. For tooth zi, the preceding cutting tooth is zi−34, resulting
in relative pitch deviation Fp,rel i. The maximum relative pitch
deviation of 0.8Fp occurs for tooth z18 and the minimum rela-
tive pitch deviation for z42, see Figure 8b).

Figure 8c) displays the maximum uncut chip thickness
across the tool profile for the three engagement scenarios,
which, as noted earlier, can occur on different teeth within the
same tool. The results show that tool teeth with positive pitch
deviation experience increased maximum uncut chip thickness
at the tip and reduced thickness on the leading flank compared
to the ideal process or teeth with no relative pitch deviation.
This shift results in a higher load concentrated at the tool’s
tip. Conversely, for teeth with negative relative pitch deviation,
the maximum uncut chip thickness is more evenly distributed
across the profile. Additionally, this effect significantly influ-
ences the progression of the minimum rake angle, as shown in
Figure 8d).

Fig. 8. a) Progression of the pitch deviation b) Resulting relative pitch deviation
c) Maximum uncut chip thickness and d) Minimum rake angle

Figure 9c) presents the results of an identical analysis with
a realistic pitch deviation of 0.01 mm, enabling a quantitative
assessment of its effect on the maximum uncut chip thickness
for the selected process. The progression of the maximum un-
cut chip thickness curves across the tool are similar to those in
Figure 8c), albeit less pronounced. For an easily comprehen-
sible yet informative assessment, the values are combined and
presented as a boxplot for the tool tip, leading and trailing flank.

Fig. 9. a) Definition of leading flank, tool tip and trailing flank across the tool
profile b) Division of the maximum uncut chip thickness curve c) Boxplot of
the maximum uncut chip thickness for Fp = 0.01mm
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The chosen definition of the leading flank, tool tip, and trail-
ing flank is illustrated in Figure 9a) over the tool profile and in
Figure 9b) on the characteristic curve of the maximum uncut
chip thickness. Although the transition between these regions
is continuous, for the purpose of dividing the values into three
distinct plots the upper 10% of the tool tooth height is defined
as the tool tip, while the remaining regions are classified as the
leading and trailing flanks, respectively. Based on this defini-
tion, two boundaries in the tool’s x-coordinate were determined.

Combinations of tool deviations were also analyzed, with
particular focus placed on the combination of Fp and Fr. The
impact of Pp was found to be relatively minor in comparison,
and Pr exhibited behavior similar to Fr. When Pr and Fr act
in opposite directions, their effects can cancel each other out,
but they more commonly overlap and combine their influences.
Figure 10 illustrates the superposition of the previously dis-
cussed pitch deviation with a sinusoidal runout deviation, each
with a magnitude of 0.05 mm. In one case, the two deviations
align identically, while in the other, the starting tooth is shifted
to create a 180° phase shift, resulting in an opposite progression
of the deviations.

Fig. 10. a) Progression of the pitch deviation b) Progression of the radial runout
c) Maximum uncut chip thickness of the extrema of the combined deviations

Figure 10c) displays the maximum uncut chip thickness for
the extrema of the combined deviations. When Fp and Fr align
identically, the effect described in Figure 8 is further amplified.
Conversely, when they have opposite progressions, the uncut
chip thickness approaches the reference process. A comparison
of these results with the effects of individual deviations reveals
that their interaction can even mitigate the overall impact on the
uncut chip thickness.

5. Conclusion

This work introduced a simulative approach to investigate
the influence of tool deviations on the effective cutting param-
eters in gear skiving. An existing penetration calculation was
extended to account for radial and axial runout as well as pitch
deviation of tool teeth and a simulation study was conducted for
an example process to qualitatively assess their effects on ef-
fective cutting parameters. The analysis highlighted the impor-
tance of accounting for both manufacturing-related and setup-
related tool deviations to accurately simulate the effective pro-
cess parameters. It is demonstrated that cutting conditions are

strongly influenced by the alignment of deviations from the pre-
ceding tool tooth within the workpiece gap and by the interplay
of different tool deviations. This works enables more precise
simulation results and lays the foundation for establishing a re-
lationship between the effective cutting conditions and machin-
ing performance factors, such as workpiece quality and tool
wear. Future research will focus on investigating the effect of
the uncut chip thickness on burr formation in gear skiving.
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