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A B S T R A C T   

The design of a gear skiving cutter is particularly concerned with the interference problem be-
tween cutter flank and tooth gap. In this study, we propose an interference-based technique (IBT) 
to help with the cutter flank design by calculating the critical interference surface, which acts as 
the criterion surface for cutter flank interference check and provides the guidance to the design 
parameter determination for an interference-free cutter flank. By applying multiple radial infeed 
strategy, this study shows that the interference-check for cutter flank in skiving rough or semi 
pass is necessary even it can obtain interference-free in the finishing pass. Specifically, the in-
terferences primarily occur at the recess flank of gear because of the decreasing local relief angle 
during a single-cut. The numerical results clearly reveal the interference moments that help 
provide a comprehensive understanding of the interactive between cutter and tooth gap. Because 
the zero-level of the critical interference surface equals to the cutting edge, this method can also 
be used for cutting-edge profile generation based on the given tooth gap. Case studies are pre-
sented for the clarification on interference condition, interference-free flank design process and 
cutting-edge profile design based on the non-standard tooth gap profile.   

1. Introduction 

1.1. Interference in gear skiving 

In gear skiving, the tool-work interference problem primarily involves two factors: (1) interference between the tool body and 
workpiece and (2) between the cutter flank and tooth gap (including the flanks, fillets, and root surface between teeth [1–6]). The 
interference between the tool body and workpiece is due to the large inclination angle [7,8] and can be effectively avoided; however, 
that between the cutter flank and tooth gap is rather difficult to evaluate, as it is a critical factor affecting the cutter flank design. The 
local relief angle between the flank and gear gap varies significantly during single-cut because of the kinematics of gear skiving [9]. 
This may lead to an interference problem, thereby resulting in cutter or workpiece damage. Stadtfeld [10] reported that increasing the 
title angle of the cutter can reduce the interference risk by increasing the relief angle; however in the meantime requirement for 
machine tool configuration increases. Wang et al. [11] pointed out the importance of obtaining error-free cutting edge after 
re-sharpening, while remaining interference-free. In other words, an interference-free cutter flank consisted of a serial error-free 
cutting edges is of significant interest in the industrial practices. However, when multiple skiving passes are involved, an interfer-
ence check conducted using CAD-based system is less flexible in flank design. In their later work [12], they attempted to discuss the 
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interference of the cutter flank by primarily concerning the scallop height formed by two adjacent cuts. The influence of this scallop 
height however is marginal because the maximum peak to valley height of the profile (Rz) of the final tooth gap is approximately 2 to 
10 μm [10,13], which is of the same order as the thickness of coating material [14]; conversely, the cutter flank interference problem in 
gear skiving is of a much larger order. Tsai [15] proposed an interference-free design method for cutter flank by ensuring that the cutter 
is inside the generating surface, which is calculated from the final gear gap to the cutter. This method works in the interference-free 
flank design in the final tooth gap skiving but is not promising in previous rough and semi passes. 

Skiving cutter design requires manufacturing-based investigation of the interference problem. That is, multiple radial infeed 
strategy (MRI) must be considered in the interference investigation to advance the research from the above mentioned pure design- 
centered cases to manufacturing-based investigation. 

To the date, the cutter flank surface design based on the final gear gap [12,15] can ensure the designed cutter flank be the 
interference-free during the final gear gap cutting. But whether if it can also obtain the interference-free in the rough and semi passes 
skiving has not been clarified yet. If not so, a technique for interference-free flank design based on all passes should be established to 
cope with the multiple radial infeed strategy, because one pass skiving is impractical to the industrial practice. 

Nomenclature 

MRI Multiple radial infeed strategy 
UCG Uncut chip geometry 
IBT Interference-based technique 
CIS Critical interference surface 
D Region in parametric space for generating swept surface of cutting edge 
(u,w) Point set in ℝ2 parametric space 
Iu Interval of parameter u 
Iw Interval of parameter w 
Ms Function mapping for generating swept surface S 
S Swept surface of cutting edge 
(x, y, z) Point set in ℝ3 Cartesian space 
mg Necessary cut number for generating full-width gear flank 
ε Percentage of total radial infeed of MRI 
i Cut index 
Tz Translate matrix along Zw-axis. 
P Function mapping of parametrized cutting-edge 
G Function mapping of trajectory of swept surface S 
T Matrix for rotation of P around G 
θ Rotation parameter of cutting-edge to the trajectory 
ϕG Implicit surface of gear flank 
X Potential-energy field 
ME Potential energy function 
CG Level contour of gear flank ϕG 
Cs Level contour of swept surface of cutting-edge S 
ϕf Surface of cutter flank 
[aj, aj+1] Interval defined by intersection points 
Cf Level contour of cutter flank ϕf 
Pz Z-level contour of swept surface of cutting-edge S 
Ce Envelop profile of certain level contour 
k Necessary number for generating entire gear flank at certain Z-level 
β Local taper angle of cutter flank 
γ Nominal rake angle of cutter 
O-XYZ Workpiece coordinate system 
O-XGYGZG Gear coordinate axes 
O-XtYtZt Cutter coordinate axes 
fr Total radial infeed 
βt Helix angle of cutter 
m Module 
Zt0 Tooth number of cutter 
Zw2 Tooth number of gear (workpiece) 
fa Axial infeed 
Σ Inclination angle  
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1.2. Simulation approaches for interference investigation 

A comprehensive clarification of flank interference in gear skiving research has not been performed yet. The primary challenge is 
the lack of a simulation approach to support high-precision interference clarification. Several works [12,15–17] have been conducted 
to express the design and interference conditions by numerical solutions, or to directly apply CAD software for so-claimed interfer-
ence-free verification [12]. However, none of results can be considered as standard or comprehensive due to the lack of the inter-
ference detail revealing and flexibility for different cutter flank shapes, cutting-edge profiles, kinematics and infeed strategies. 

The interference problem in gear skiving is a typical interdisciplinary research based on design and manufacturing experiences. The 
shapes of the in-process gear gap and uncut chip geometry (UCG) [6,13,14,18,19] are elementary building blocks for interference 
investigation. For example, Jia et al. [20,21] presents an envelope-assisted approach to calculate the cutting edge motion in skiving 
process simulations, which is a good attempt to clarify the motion of cutting-edge and its contact with tooth gap fundamentally. Based 
on the state-of-the-art kinematic research, the cutting edge attached with the flank face can be introduced into the skiving process with 
time-dependent motion. 

In this work, we proposed an interference-based design technique (IBT) for the interference-free cutter flank design using a four- 
pass multiple radial infeed strategy. By expanding the level contour method [22] to the initial plan attached with the cutting-edge, 
“interference-check” serves as a tool to generate the critical interference surface (CIS), which is the criterion for cutter flank inter-
ference. A local taper angle is defined on critical interference surface as a design parameter on the critical interference surface, to 
calculate the minimum interference-free taper angle for skiving cutter design. Because the cutting-edge profile is a part of the critical 
interference surface, effectiveness of the IBT and its application on designing non-standard cutting-edge profile are also confirmed in 
the case study. 

Firstly, the IBT is used to perform interference-check to comprehensively reveal the interference condition between cutter flank and 
gear gap using multiple radial infeed strategy. Then, the critical interference surface is calculated for deriving the minimum local taper 
angle to help the cutter flank design. Finally, the cutting-edge profiles formation based on the non-standard gear profiles are presented. 
The reminder of this study is organized as follows: 

- Section 2 presented the theory of the IBT. 
- Section 3 listed up the detailed parameters of the multiple infeed case study. 
- Section 4 addressed two fundamental questions on the interference condition when using multiple radial infeed, and how to 

achieve the interference-free flank design by IBT. Finally, the cutting-edge profile design for non-standard gear profile is given, to 
present the abilities of IBT on both cutter flank and edge profile designs. 

- Section 5 summarized the transferrable knowledge and concluding remarks. 

2. Interference-based technique based on level contour method 

The mathematics of the level contour method [22] is summarized as follows to establish the foundation of IBT. The expansions of 
the terms are listed in appendix. A for the implementation. First, the swept surface of the cutting edge during a single-cut must be 
defined. Let D = Iu × Iw = [0,1] × [0, 1] be the subset of ℝ2 in the parametric space for mapping the parameterized swept surface of 
cutting-edge S ∊ ℝ3 in the Cartesian space. The function mapping Ms: (u, w) → (x, y, z) can be written as: 

Ms : D → S (1)  

Ms = Ms(ε, i, u,w) = Tz(i)
{
[T(θ)P(u)]T +G(w, ε)

}
(2)  

where (u, w)∈D; ε is the percentage of total radial infeed according to the multiple radial infeed strategy; i∈[1, mg] is the number of 
cuts; mg is the total cut for generating the full-width gear flank; Tz is the translation matrix along the axial infeed direction; and P: Iu → 
ℝ3 is the function mapping for the parameterized cutting-edge. T is the homogeneous matrix; G: Iw → ℝ3 is the trajectory of skiving 
motion; and θ is the function of parameter w. The surface of the gear gap and UCG is expressed via the implicit surface, as: 

ϕG =
{
(x, y, z) ∈ R3⃒⃒ϕG(x, y, z)= 0

}
(3)  

ϕU =
{
(x, y, z) ∈ R3⃒⃒ϕU(x, y, z)= 0

}
(4) 

An artificial potential energy field X ∈ R1 is formed by a scalar-valued potential energy function ME: (x, y, z) → up, as 

ME : S → X (5) 

In such a case, the energy comparison between the level contours of S and an arbitrary updatable implicit surface can be performed 
to iteratively calculate the gear gap surface ϕG. 

ϕG(z= zi)|[aj ,aj+1]= {
Cs ME(Cs)|[aj ,aj+1] − ME(CG)|[aj ,aj+1] ≤ 0
CG ME(Cs)|[aj ,aj+1] − ME(CG)|[aj ,aj+1] > 0 (6)  

where Cs and CGare the level contours of the S and ϕG; [aj, aj+1] is the arbitrary interval of adjacent intersections between two contours. 
Next, to calculate the critical interference surface based on a given gear gap, we proposed the IBT by reversing the principle to update 
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the critical interference surface by the given gear gap if interference is occurred (see Fig. 1). For this, the interference check is 
decomposed into two-dimensional by applying Z-level plan. Let a plan P(u’) be the initial critical interference surface, so we have its 
motion: 

ϕf = [T(θ)P(u’)]
T
+ G(w, ε) (7) 

Noted that ϕf is a moving surface along the skiving trajectory but a swept surface. The level contours of gear gap and critical 
interference surface are defined as: 

Fig. 1. Schematic for the formation of critical interference surface ϕf. (a) Update of the critical interference surface during skiving motion. r0 is the 
radius of the zero-energy level to the gear centerline. (b) Interpretation on the contour selection in artificial energy field. 

Fig. 2. Cutter flank face used for the interference check. O-XGYGZG is the gear coordinate. O-XtYtZt is the cutter coordinate. le is the center distance. 
ωt and ωw are the angular speed of cutter and gear, respectively. Cutter tooth height hf. Inclination angle: Σ. 
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CG =
{
(x, y, z) ∈ R3⃒⃒ϕG(x, y, z = zi)= 0

}
(8)  

Cf =
{
(x, y, z) ∈ R3⃒⃒ϕf(x, y, z = zi)= 0

}
(9) 

Calculating implicit-parametric contour intersections is cheaper than calculating three-dimensional intersections. The IBT uses the 
gear gap to update the cutter flank; thus, it belongs to one of the reverse design techniques for skiving cutter [23]. Because the initial 
critical interference surface ϕf has a lower energy than ϕG in all instances. The principle for updating flank ϕf is written as follows: 

ϕf(z = zi)|[aj ,aj+1] =

⎧
⎨

⎩

CG|[aj ,aj+1] ME
(
Cf

)
|[aj ,aj+1] − ME(CG)|[aj ,aj+1] ≤ 0

Cf |[aj ,aj+1] ME
(
Cf

)
|[aj ,aj+1] − ME(CG)|[aj ,aj+1] > 0

(10) 

By applying the Eq.(10) along the trajectory w from 0 to 1, the critical interference surface can be updated by the given gear gap as 
shown in Fig. 1b. Noted that the Z-level plan is not a necessary condition for ensuring the effectiveness of IBT. By applying the co-
ordinate transformation operator, other level plan can be applied depending on the specific scenario. Meanwhile, the role of ϕf acts as 
the criterion surface for cutter flank interference, meaning any design cutter flank locates inner ward of the ϕf without intersection will 
be interference-free during the single skiving cut. 

The envelop profile Ce of the contour Pz at a certain Z-level planar was used to explain the mechanism of the interference. Assuming 
Ce ∊ ℂn (n ≥ 1), so it yields the system: 

Fig. 3. In-process gear gap for performing interference check and IBT.  

Table. 1 
Parameters for case study.  

Parameters  Unit Value 

Cutter    
Rake angle γ (◦) 12 
Helix angle βt0 (◦) 20 
Module m0 (mm) 3 
Number of teeth Zt0 (-) 36 
Gear    
Helix angle βw2 (◦) 0 
Number of teeth Zw2 (-) − 58 
Cutting parameters    
Axial infeed fa (mm/rev) 0.5 
Total radial infeed fr (mm) 6.3 
Inclination angle Σ (◦) 20 
Tilt angle κt2 (◦) 0 
Offset angle κo2 (◦) 0  

Z. Fang et al.                                                                                                                                                                                                            



Mechanism and Machine Theory 169 (2022) 104678

6

Fig. 4. In-process gear gap with UCG attached. (a) 40p. (b) 60p. (c) 80p. (d) 100p.  

Fig. 5. Interference area on gear gap. Taper angle β = 12∘. (a) 40p. (b) 60p. (c) 80p. (d) 100p.  
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Ce(x, y, u’, ε) =
{

x(u’), y(u’), u’ ∈ {Pz(ε)}k

⃒
⃒ Ce(x, y, u’, ε)= 0; ∂Ce

/
∂u’ = 0

}
(14)  

Pz(ε) =
{
(x, y, z) ∈ R3

⃒
⃒ ϕf(x, y, z = zi)= 0

}
(15)  

where k is the necessary number for generating the tooth gap profile at an arbitrary Z-level; and u’ is the parameter of Pz(ε), which is 
the Z-contour of the updated ϕf , because the gear is a spur in this study. Notably, when the Z-level is used, Cs is equivalent to Pz. 
However, the level contour method does not specify the level plan type; thus, Pz can be referred to as other contour types, for instance, 
R-contour [22] depending on the analysis requirement. 

Local taper angle β is defined on the cutter flank and critical interference surface surfaces (see Fig.2) as: 

β = β(y, z) =
{
(x, y, z) ∈ ϕf

⃒
⃒β(y, z)= atan(x(y) / z)

}
(16)  

3. Case study 

To present the results of the interference check and investigate the related mechanism, we start with a skiving cutter (β = 12∘) 
having a small taper angle. The designed cutter flank is shown in Fig. 2. The profiles of the top cutting edge are the same as those of 
actual cutting edge. Nevertheless, note that this skiving cutter flank surface is unlikely to be applied in actual cutting. We apply this 
shape only to ensure the occurrence of interference. An interference-free flank face example will be discussed in Section 4, whose shape 
is quite different from that in Fig. 2. The top edge of the cutter flank is also referred to as the cutting edge because after the cutter is re- 
sharpened, the edge on flank is exposed and servers as a new cutting edge. 

The design parameters of the skiving cutter are complicated and require sophisticated manipulation techniques. For the sake of 

Fig. 6. Interference condition. Taper angle β = 12∘. (a) Instant interference area. (b) Overall penetration.  
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generality, we apply a simple, but effective, method to parameterize the flank face by shifting the top cutting edge along the X-axis by 
taper angle β (Figs. 2a and 2b) for the case study. 

To perform the IBT, the in-process gear gap attached with the trajectory and UCG are calculated first, using the cutting the edge 
without a flank face (see Fig. 3a). Then, the cutting edge attached with the flank face moves along the same trajectory to perform the 
interference check (see Fig. 3b). Four infeed are used and denoted as 40p (ε = 0.4), 60p (ε = 0.6), 80p (ε = 0.8), and 100p (ε = 1.0). The 
parameters used in the case study are listed in Table. 1. 

4. Results and discussion 

4.1. Results 

The generation of tooth gap does not require a flank face and depends only on the cutting edge and kinematics. Thus, four error-free 
in-process tooth gaps can be obtained for the interference discussion, as shown in Fig. 4. Different UCG shapes are formed because of 
the different infeed. Cutting engagements with the approach and recess flanks are different, and the area of engagement on the recess 
flank becomes larger as the infeed increases. Generally, the cutting edge and rake face are responsible for the removal of the UCG part. 
Thus, the possible interference area should be outside the UCG area and on the formed gear gap. The IBT allows us to determine the 
interference area on the gear gap with accurate boundary, which will be discussed latter. 

The interference conditions on the gear gap and cutter flank are shown in Figs. 5 and 6, respectively, using β = 12∘ cutter flank. 
From the boundary comparison between Fig. 5, it is clear that a partial boundary of the interference area is adjacent to the boundary of 
the UCG in each pass, indicating interference on the gear gap occurs on the already formed part. Both the approach and recess gear 
gaps interfere with the cutter flank in finishing pass because of the small local relief angle subjected to both flanks (Fig. 5d), whereas 
the approach flank interference is not detected in the previous passes (Fig. 5a-c), indicating that the local relief angle subjected to 
recess flank is relatively smaller than it on approach flank in the rough and semi skiving passes. 

Several instant moments of interference and the overall interference penetration on the cutter flank are shown in Fig. 6. Corre-
spondingly, the interference area is primarily located at one side of the flank, except the 80 and 100p flanks. For the 100p flank, it is 
evident that up to three flank regions are detected, engaging with the gear gap simultaneously. However, for the 80p flank, this 
difference is because of the rotation motion of the cutter to the trajectory, which makes the top part involved as well. The flank face was 
rendered with the total penetration depth in each pass. It can be seen that the 40 and 60p flanks have the largest penetration depth, but 
relatively small interference area, compared with the other cases. This highlights the question of necessity in evaluating the inter-
ference risk for a specific cutter flank shape during MRI, which cannot be simply answered but depends on the reduction rate of the 
penetration depth and area caused by design variables. Anyhow, the interference check in rough and semi passes is important and 
inevitable. Meanwhile, interference occurs on the formed gear flank with a complicated and long shaped contact area in previous 
passes, meaning more interference information can be obtained from analyzing the interference in rough and semi passes for the cutter 
flank design, i.e. tooth height hf. 

Fig. 7. Interference at gear gaps. Maximum penetration: Pmax. Taper angle β = 16∘. (a) 40p. (b) 60p. (c) 80p. (d) 100p.  
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Based on the above comprehensive clarifications on the interference condition on the gear gap and cutter flank, it can be said that 
that to calculate or check the interference of the cutter flank face only based on the final gear flank marginally contributes to the 
industrial practice without considering the previous rough and semi skiving passes. 

4.2. Discussion 

- Question 1: If a cutter flank is interference-free for the final gear flank, will it necessarily also be interference-free for the previous 
passes? 

The answer is NO. To support our answer, the interference during skiving the finishing pass is eliminated by increasing β from 12 to 
16 ◦. Comprehensive interference results on the gear gap and cutter flank are presented in Figs. 7 and 8, respectively. The interference 
in the skiving finishing pass was avoided (see Fig. 7d), because of the increase of the increased local relief angle. On the other hand, for 
previous passes interferences were detected with maximum penetrations of 0.51 mm, 0.48 mm and 0.18 mm for 40p, 60p and 80p 
respectively, meaning that cutter flank face design must be conducted based on all skiving passes. 

The interference on the cutter flank is shown in Fig. 8. Similar to the results in Fig. 6, the interference is avoided in the finishing 
pass. Only one side of the flank engages with the gear gap. Specifically, the development of a 60p interference area at different cutting 
moments is provided to deliver a comprehensive understanding of the interference development. The initial cutter rotation angle was 
set as zero base. The development of the interference area indicates that the engagement occurs from the actual cutting edge and 
rapidly develops to the top cutting edge almost instantly. Further, all flanks are involved, which finally end at the top cutting-edge side. 
This reveals the fact that, the interference-free property of the top cutting edge cannot sufficiently ensure the same for the rest of cutter 
flank. 

This mechanism is further revealed by the interaction between the envelop profiles of the top cutting edge and actual cutting edge 
in different passes; the envelop profile of the cutting edge is the theoretical gear gap. Fig. 9 presents the envelope profiles of the top and 
actual cutting-edge in cases of β = 16 and 19.6 ◦, which are the critical values for interference-free flanks and will be calculated in the 
next section. 

Fig. 8. Interference penetration and developments with cutter rotation. Taper angle β = 16∘. (a) 40p. (b) 60p. (c) 80p.  
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In general, the envelop profiles of the top and actual cutting-edge change with the infeed. The existence of an intersection between 
two profiles leads to the top cutting edge engaging with the part that the actual cutting edge does not engage with. Thus, for the cases in 
Fig. 9a, interference is confirmed in the of 40, 60, and 80 cases except 100p case. This result is consistent with that in Fig. 7. For the rest 
of subfigures, however discussion is needed although intersection is not detected. This is because that an increase in the local taper 
angle largely increases the distance between the top cutting-edge and gear gap, but marginally extends the space near the cutting edge. 
Thus, it requires more detail interference check during a single-cut. 

It has to be mentioned that, adding the tilt angle [10,18] is an efficient way to reduce the interference risk especially modern 
multi-axis machine tool has provided large degrees of freedom. Because the calculation by IBT is based on the kinematic, thus, it can 
also be applied to the skiving kinematic integrating tilt angle as a parameter, for calculating critical interference surface and 
cutting-edge profile. 

4.3. IBT for designing cutter flank face 

- Question 2: How to determine the design variables for interference-free flank for all passes? 
This section uses local taper angle as design variable of cutter flank to address an example with discussions. Above results have 

shown that increase taper angle can reduce the interference risk. However, on the other hand, increasing taper angle also raises 
concern on the cutting edge profile variation induced skiving process change. Thus, it is of great interest to determine the minimum 
taper angle that can avoid the interference for all passes in MRI. 

The critical interference surface formed by the IBT contains the critical value of the design variable that can ensure the interference- 
free flank face, because IBT is an interference-based method. Fig. 10 shows the formation of the critical interference surface by using 
IBT with the final tooth gap. The initial plane moves along the skiving trajectory and is updated by the final tooth gap based on the 
Eq.10. The cutter flank engaged with the tooth gap will be updated; thus, the critical interference surface can be considered as a critical 
shape that can prevent interference. By applying this method using the formed tooth gap in other skiving passes, the critical inter-
ference surface for the entire MRI can be obtained. Then, based on the definition of the design variable, the design criteria can be 
calculated using the critical interference surface. 

The critical interference surface updated by rough, and semi passes based on the 100p-CIS is shown in Fig. 11. Overall penetrations 
were rendered to show the interference conditions. The penetration is rendered in gray scale, thus, the updated part by each pass is 
clearly indicated. Based on the critical interference surface and definition of the design variable, the distribution of the design variable 
on the cutter flank can be calculated using Eq.16, as shown in Fig. 12. 

The maximum local taper angle defined on the critical interference surface is calculated as βmax = 19.6 ◦. Thus, the taper angle of 
cutter should be at least larger than βmax to ensure that it is interference-free for all passes, by considering the machining accuracy and 

Fig. 9. Envelope profiles of the top and actual cutting-edge with different taper angle. (a) β=12◦. (b) β = 19.6◦.  
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error during skiving, for example β = 21∘.. The cutter flank with β = 19.4 ◦ and 19.6 ◦ are shown in Fig. 12b and 12c, respectively. The 
interference area was extremely small near the βmax. These results further support the comment on Fig. 9, that the part of the flank face 
near the top cutting edge becomes interferece-free first when the taper angle increases, but this interference-free positive for the top 
cutting edge still requires further sophisticated check on the region near the actual cutting edge. 

Notably, the IBT can also be applied to flank face design with multiple design parameters. Once the CIS is generated by the IBT, the 
corresponding local design parameters, which are generally obtained by a scalar-valued function, can be derived and selected ac-
cording to the criteria, as shown in Fig. 12a. 

Moreover, the critical interference surface can be considered as an encompassing surface, wherein every design flank that does not 
intersect with the critical interference surface can be interference-free. This provides significant design clearance to the taper angle, 
which is considered as the small the better because a small change of the cutting-edge profile after the re-shparen process can be 
promised. Because the critical interference surface can be uniquely determined by the kinematics and tooth gap profile, thus once the 
skiving strategy and gear gap have been determined, the critical interference surface only needs to be calcuated once for the 
interference-free flank face design. 

4.4. IBT on cutting edge design for non-standard gear profiles 

The IBT is interference-based, thus, in addition to the cutter flank, the cutting edge is automatically generated, because the cutter 
flank comprises the cutting edge. Thus, the IBT can also be used to generate a cutting-edge profile based on the non-standard profile of 
the gear gap, as shown in Fig. 10. We select two non-standard profiles, i.e. ellipse and straight profiles, to present as examples in 

Fig. 10. Critical interference surface updating by gear gap using IBT. Generation of 100p-flank by 100p-gear gap. Please refer to the supplementary 
material for the visualization of CIS formation process. 
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Fig. 13. The cutting edges were all formed by 100p. Unlike the cutter flank, the cutting edge does not have an interference concept, and 
only needs to guarantee an error-free final gear gap. Thus, the actual cutting edge remains identical for all skiving passes in the MRI, 
and needs to be determined by the final gear profile. 

Fig. 11. Variations of flank compared with 100p-flank and final critical interference surface (after 40p). (a) After 80p. (b) After 60p. (c) After 40p.  

Fig. 12. Local taper angle distribution and interference condition when taper angle of cutter is near the critical taper angle. Infeed 40p. (a) Local 
taper angle distribution over CIS. (b) Taper angle lower than critical taper angle, β = 19.4 ◦. (c) Critical taper angle β = 19.6 ◦. Please refer to the 
video material for the visualization of cutting-edge formation process. 
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5. Outlook 

To ensure the error-free skiving process after re-sharpening the cutter, the conical or cylinder cutter flank design needs to consider 
both error-free profile [24,25] and interference-free cutter flank, because it is important to ensure that the newly formed cutting edge 
can still serve a precise skiving process as the original edge does. Proposed critical interference surface is proved can solve the 
interference-free problem, thus, future work will integrate the error-free cutting edge profile design to the IBT by adding constraint 
conditions for generating error-free critical interference surface. 

6. Concluding remarks 

In this study, we proposed a novel interference-based design technique for calculating the cutter edge profile and flank surface 
based on the level contour method. Multiple infeed strategy is considered for the first time in the interference check and design of the 
cutter flank, which are supported with comprehensive interference check results. The concept of critical interference surface is pro-
posed to help with the interference checks and cutter flank design. 

The contributions of this study are addressed below.  

- The cutter flank design based on the final gear gap is insufficient for guaranteeing an interference-free flank face in rough and semi 
passes using multiple infeed strategy. Thus, all passes must be considered in the interference-free cutter flank design.  

- IBT has been proven to be an effective reverse design method for cutter edge and flank design. With the help of critical interference 
surface, design variables and criteria can be proposed based on a well-guaranteed interference-free property with significant design 
freedom.  

- IBT can also generate a non-standard cutting edge. The final gear gap should be used to generate the cutting edge to ensure that it is 
error-free without considering the rough and semi passes.  

- Comprehensive results on the occurrence of interference in successive passes are essential to improve the understanding of this 
critical issue. The IBT serves as a fundamental tool for providing numerical solutions. 

We enhanced the research on skiving cutter design by considering actual power skiving features and industrial requirements using 
an interference based method. Thus, this study serves as a benchmark for future research on the interference problem and cutter flank 
design. 
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Appendix. A 

The expansions of terms in Eq.(2) are shown as follows: 

T =

⎡

⎢
⎢
⎣

T1,1 T1,2

T2,1 T2,2

T1,3 0

T2,3 0

T3,1 T3,2

0 0

T3,3 0

0 1

⎤

⎥
⎥
⎦ (A.1)  

T1,1 = sin(γ)(sin(Σ)(cos(βη)sin(βη) − cos(Σ)cos(βη)sin(βη)) + cos(Σ)sin(Σ)sin(βη))
+ cos(γ)(cos(βη)cos(βη) + cos(Σ)sin(βη)sin(βη)) (A.2)  

T1,2 = sin(βη)sin(Σ)2
− cos(Σ)(cos(βη)sin(β) − cos(β)sin(βη)cos(Σ)) (A.3)  

T1,3 = sin(γ)(cos(βη)cos(β) + sin(βη)sin(β)cos(Σ)) − cos(γ)(sin(Σ)(cos(βη)sin(β) −
cos(β)sin(βη)cos(Σ)) + sin(βη)cos(Σ)sin(Σ)) (A.4)  

T2,1 = − cos(γ)(cos(β)sin(βη) − cos(βη)sin(β)cos(Σ)) − sin(γ)(sin(Σ)(sin(βη)sin(β) +
cos(βη)cos(β)cos(Σ)) − cos(βη)cos(Σ)sin(Σ)) (A.5)  

T2,2 = cos(Σ)(sin(βη)sin(β) + cos(βη)cos(β)cos(Σ)) + cos(βη)sin(Σ)2 (A.6)  

T2,3 = cos(γ)(sin(Σ)(sin(βη)sin(β) + cos(βη)cos(β)cos(Σ)) − cos(βη)cos(Σ)sin(Σ)) −
sin(γ)(cos(β)sin(βη) − cos(βη)sin(β)cos(Σ)) (A.7)  

T3,1 = cos(γ)sin(β)sin(Σ) − sin(γ)
(
cos(Σ)2

+ cos(β)sin(Σ)2) (A.8)  

T3,2 = cos(β)cos(Σ)sin(Σ) − cos(Σ)sin(Σ) (A.9)  

T3,3 = cos(γ)
(
cos(Σ)2

+ cos(β)sin(Σ)2)
+ sin(β)sin(γ)sin(Σ) (A.10)  

Where γ is the nominal rake angle; Σ is the inclination angle; β is the rotation angle of the cutter; η is the synchronize ratio. For a 
rotation angle range [θs, θe], β is the function of w as β = θs + w(θe − θs). 

G = [x, y, z, 1] (A.11)  

x = (le + εfr)cos(βη) + Ra(cos(βη)cos(β) + sin(βη)sin(β)cos(Σ)) (A.12)  

y = − sin(βη)[Racos(β)+ le + εfr] + Rasin(β)cos(Σ)cos(βη)) (A.13)  

z = Rasin(β)sin(Σ) (A.14)  

Where le is the initial center distance of cutter; ε is the infeed percentage; fr is the total radial infeed; Ra is the top circle of the cutter. 
Differ from [22], P(u) is a two-dimensional cutting-edge curve and nominal rake angle is contained in the T. In such way, the P(u) 
equals to the zero-level of the critical interference surface. 

For Eq.(5), the potential energy defined on a two-dimensional contour can be written as: 

ME(C) =
∫aj+1

aj

[

− λ
( ̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

x(t)2
+ y(t)2

√

− r0

)

|C′

(t)|
]

dt (A.15)  

where λ ≥ 1 is the constant to increase the selection sensitivity; C(t) ∈ C1 is an arbitrary contour curve; [aj, aj+1] is the arbitrary 
interval of adjacent intersections between two contours; r0 is the radius of the zero-energy level in O-XGYGZG; t is the continuous and 
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non-decreasing reparameterization of contour C from [0,1] → [0,1]. 

Supplementary materials 

Supplementary material associated with this article can be found, in the online version, at doi:10.1016/j.mechmachtheory.2021. 
104678. 
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