
Vol.:(0123456789)1 3

https://doi.org/10.1007/s00170-022-09663-6

ORIGINAL ARTICLE

Research on the skiving technology of face gear

Shuai Mo1,3,4,8,9 · Saisai Wang2 · Bingrui Luo2 · Heyun Bao5 · Guojian Cen6 · Yunsheng Huang7

Received: 6 May 2022 / Accepted: 3 July 2022 
© The Author(s), under exclusive licence to Springer-Verlag London Ltd., part of Springer Nature 2022

Abstract
Current processing methods of face gear are mainly limited to gear shaping, gear hobbing, and other processes. Gear skiving is a new 
efficient gear machining technology, in order to realize the high precision and high-efficiency machining of face gear, this paper puts 
forward the skiving machining technology of face gear. The main research contents include an analysis of the machining principle 
and model of face gear skiving, deriving the gear skiving tool model by the modified rack according to the meshing principle, and 
solving the tooth surface model of face gear by envelope method. The findings suggest that the skiving technology can be used in 
the efficient machining of face gear, which the cutting edge curve of gear skiving tool can be solved by the intersection of rake face 
and tool tooth face, and the principle error of gear skiving cutter can be effectively reduced after the modification of rack parabola.
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1 Introduction

Face gear transmission is a new type of transmission which 
is engaged by cylindrical gear and face gear as shown in 
Fig. 1. It is widely used in aerospace and other fields because 

of its high bearing capacity and low axial installation sen-
sitivity. Face gear is evolved from cylindrical gear and can 
transfer the motion of intersecting axis motion. Figure 2b 
shows the evolution of the different angle parameters of the 
face gear. The diversity of tooth shapes enables face gears to 
adapt to a wider range of transmission scenarios.

The machining of face gear is the key research direction 
of gear; many scholars have carried out a lot of research on 
the design and machining of face gear [1–11]. Litvin et al. 
[1] and his team have made a comprehensive research on the 
generation, machining, and tooth surface contact analysis of 
face gear; Zschippang et al. [2] deduced the tooth surface 
equation of face gear according to the envelope of involute 
gear shaper cutter, and the contact path and undercutting 
problem of face gear are discussed; Based on the meshing 
principle, Tang et al. [3] proposed the planing method of 
machining spur gear with four-axis NC planer and the grind-
ing technology of face gear grinding wheel, and verified 
the feasibility of the method by using simulation software. 
He et al. [4] simulated the machining of gear shaping and 
gear grinding, and found that the meshing performance of 
grinding wheel is better than that of gear shaping. Wang 
et al. [5] studied the gear hobbing technology of face gear, 
proposed a spherical hob based on the basis of traditional 
hob, and analyzed the principle of evolution from cylindrical 
hob to spherical hob. Zhou et al. [6] has analyzed the face 
gear NC milling and tooth surface detection. He proposed a 
new implicit surface model of face gear and considered the 
curvature into the tool path planning of face gear machining. 
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Mo et al. [7–10] systematically studied the gear design the-
ory and the load distribution uniformity mechanism of the 
gear transmission system. In order to improve the machin-
ing accuracy and efficiency of face gear, seeking a general 
machining tool with simple structure, high precision, and 
high efficiency has become an important direction of face 
gear research.

Gear skiving is a new high-efficiency machining technol-
ogy that directly cuts the tooth profile from the blank. At 
present, the research on skiving technology mainly focuses 
on the machining principle and tool design method [11–20]. 
Stadtfeld [11] briefly described the skiving machining 

principle through the evolving relationship between gear and 
rack and pointed out that the production efficiency of skiv-
ing machining is higher than gear hobbing and gear shap-
ing. Tapoglou [12] proposed a new skiving cutting model, 
which can predict the geometry of non-deformable chips, the 
shape and size of chips generated in the cutting process, and 
the characteristics of gear clearance. Based on the surface 
design theory and manufacturing technology, Li et al. [13, 
14] proposed the structural design scheme of cutting tools 
for involute cylindrical gear and established the mathemati-
cal model. Guo et al. [15] studied the calculation method 
of skiving tooth profile error and analyzed the influence of 

Fig. 1  Schematic diagram of 
face gear transmission

Fig. 2  Face gear and skiving process model: a face gear skiving process; b evolution of face gears with different shaft angles
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skiving tool grinding and rake angle on gear tooth profile 
error. Based on the principle of generating machining, Jia 
et al. [16] constructed the skiving motion model, proposed 
a calculation method of skiving cutting edge tooth profile 
from the perspective of discrete profile envelope, and solv-
ing the model of the machined tooth surface by envelope 
method. Su et al. [17] deduced the tooth surface of the modi-
fied gear skiving cutter from the rack cutter, established the 
solid model of the new gear skiving cutter, and compared the 
cutting edge differences established by the reverse envelope 
method, formula method, modified rack cutter method, and 
reduced the tooth surface deviation caused by the principle 
error through modification. Uriu et la. [18] discussed the 
influence of the shaft intersection angle of internal gear cut-
ting on the tool parameters and tested the common value of 
shaft angle through cutting simulation and experiment.

At present, the research of skiving machining tech-
nology is mostly applied to cylindrical gear, and some 
achievements have been made in the corresponding tool 
design and NC machine tool research, but skiving machin-
ing technology is rarely used in face gear at present. In 
order to improve the machining accuracy and efficiency 
of face gear, this paper puts forward the face gear skiving 
machining technology as shown on the left side of Fig. 2a, 
analyzes the face gear skiving machining principle and tool 
design theory, as well as the content of tool tooth profile 
error and modification of the skiving cutter, so as to fur-
ther improve the gear skiving machining technology. In 
this paper, the machining principle of face gear skiving, 
tool design and modification are studied in detail. Chap-
ter 1 analyzed the machining principle of face gear skiving. 
Chapter 2 studied the design method of the face gear skiv-
ing cutter. Chapter 3 analyzed the kinematic model of face 
gear skiving. Chapter 4 analyzed the principle error source 
of the gear scraping tool and the modification optimization 
method is proposed.

2  Machining principle of face gear skiving

Gear skiving is an efficient gear processing method, which 
is similar to gear shaping and has the motion state of gear 
hobbing at the same time. The skiving movement is shown 
in Fig. 3, in which the skiving cutter is a helical bevel gear 
structure, and the helix angle is β, the initial offset distance 
between the rotation axis of the skiving tool and the center 
line of the face gear is H, the initial cutting point is P1, and 
the final cutting point is P2, vs, and v2 are the linear veloc-
ity vector of the skiving tool and the face gear at the initial 
cutting point, respectively, and vs2 is the relative motion 
speed of the skiving tool along the extension direction of 

the tooth profile of the face gear. During machining, the 
offset distance is continuously adjusted so that the cutting 
edge of the tool is always tangent to the tooth profile of the 
face gear at the machining point. The skiving tool and face 
gear rotate at the angular speed ws and w1, and the skiving 
tool feeds along the face gear tooth direction until the face 
gear machining is completed. The relationship between the 
angular velocities ws and w1 of the cutter and the face gear 
is shown in Eq. 1, where ns and n2 are the number teeth of 
the skiving cutter and the face gear, respectively.

The skiving machining model is shown in Fig. 4. The 
tool axis maintains a constant intersection angle γ with the 
x-axis direction and feeds along the x-axis during machin-
ing. The cutter and the face gear make continuous indexing 
rotation movement and feed along the tooth profile direc-
tion of the face gear to be machined. When the tool is in 
contact with the workpiece, a series of micro gullies are 
generated due to forced meshing to form the workpiece 
tooth surface. Under the linkage of the machine tool, the 
tooth skiving tool advances along the workpiece tooth pro-
file direction, and then makes feeding movement along the 
y-axis direction to remove the materials corresponding to 
the target profile layer by layer, finally complete the pro-
cessing of the gear tooth profile.

The gear skiving process is shown in Fig. 5. The posi-
tion of the tool relative to the workpiece is 1–2-3–4-5 in 
turn. The cutting starts from the tooth root of the cutting 

(1)
ws

w2

=
n2

ns

Fig. 3  Schematic diagram of the skiving movement
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edge and moves towards the top of the face gear as the 
cutting proceeds, as shown in position 2. The cutting point 
starts the processing of the tooth root at position 3. After 
the tooth root processing is completed, the gear skiving 
tool exits the meshing, and the tooth profile of the face 
gear is gradually formed under the forced meshing and 
cutting movement of the gear skiving [11].

3  Design of the skiving cutter

3.1  Tooth surface of gear skiving cutter

The structure of the gear skiving cutter is helical bevel gear. 
This paper deduces the tooth surface of the modified gear skiv-
ing cutter from the rack cutter. Figure 6 is a schematic diagram 

Fig. 4  Schematic diagram of 
gear skiving machine tool

Fig. 5  Schematic diagram of 
skiving process
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of the tooth profile of the rack cutter, according to the tooth 
profile error of the gear skiving cutter gradually increases from 
the top to the root of the tooth, and the starting point of the 
modification curve is set at the root of the rack. In the coor-
dinate system Sa, the rack tool tooth profile can be expressed 
as ra = [au2 u l  0]T, where a is the parabola modification coef-
ficient, u is the distance from the cutting point to the origin 
Oa, and l is the rack cutter tooth direction position parameter. 
The tooth profile equation and the normal vector of the rack 
cutter are expressed as Eq. 7 in the coordinate system Sc [17].

(2)rc(u, l) = Mc,b ⋅Mb,a ⋅ ra(u, l)

(3)nc(u, l) =
�rc(u, l)

�u
⋅
�rc(u, l)

�l

(4)Mc,b =

⎡⎢⎢⎢⎣

cos � sin � 0 0

− sin � cos � 0 0

0 0 1 l

0 0 0 1

⎤⎥⎥⎥⎦

where Mba is the transformation matrix from coordinate sys-
tem, Sa to coordinate system, Sb, and Mcb is the transforma-
tion matrix from coordinate system, Sb to coordinate system 
Sc, and ha is the addendum height.

Figure 7 shows the coordinate system of the rack cutter 
for machining the continuously modified gear skiving cutter, 
Sc is the rack cutter reference coordinate system. Ss0 is the 
gear skiving cutter reference coordinate system, Ss is the gear 
skiving cutter moving coordinate system, and l·tanα0 is the 
displacement at different tooth direction positions of rack cut-
ter. According to the involute gear generating principle, the 
corresponding rack moves ra·φ along the pitch line. The mesh-
ing condition of the gear skiving cutter and the rack cutter is 
that the connecting line between any point on the cutting edge 
of the rack cutter and the instantaneous center I is the normal 

(5)Mb,a =

⎡
⎢⎢⎢⎢⎣

cos� sin� 0
−�⋅m

4
+ ha ⋅ sin�

−sin� cos� 0
ha

cos�

0 0 1 0

0 0 0 1

⎤⎥⎥⎥⎥⎦

Fig. 6  Tooth profile diagram of modified rack cutter
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direction of the cutting point, that is, the angle of rotation φ 
satisfy the Eq. 6. The tooth surface position vector rs and nor-
mal loss ns of the skiving cutter in S2 are

where Ms,s0 are the transformation matrix from coordi-
nate system, Ss0 to coordinate system Ss, Ms0,c are the 

(6)� = [(l ⋅ tan α0 + yc) ⋅
ncx

ncy
− xc]∕ra

(7)

{
rs(u, l) = Ms,s0 ⋅Ms0,c ⋅ rc(u, l)

ns(u, l) = Ms,s0 ⋅Ms0,c ⋅ nc(u, l)

(8)Ms,s0 =

⎡⎢⎢⎢⎣

cos� − sin� 0 0

sin� cos� 0 0

0 0 1 0

0 0 0 1

⎤⎥⎥⎥⎦

(9)Ms0,c =

⎡⎢⎢⎢⎣

−1 0 0 −ra ⋅ �

0 −1 0 −l ⋅ tan �0 − ra
0 0 1 0

0 0 0 1

⎤⎥⎥⎥⎦

transformation matrix from the coordinate system, Sc to the 
coordinate system Ss0, ra is the radius of the workpiece pitch 
circle, and φ is the rotation angle of the gear skiving tool.

Non-uniform rational B-splines (NURBS) surface is the 
tensor product form of the corresponding curve and has good 
local precision. It is a very excellent modeling method. For 
B-spline surface fitting of the surface type value points, the 
control vertices in a topological rectangular array should be 
inversely calculated. Generally, the inverse calculation prob-
lem of the surface is resolved into a two-stage curve inverse 
calculation. Fitting the tooth surface of the skiving tool, and 
selecting K × L type value points, set the value points in param-
eter u direction as Fi,j.

(10)

⎡⎢⎢⎢⎢⎢⎢⎢⎣

5 1

1 4 1

1 4 1

⋮ ⋮ ⋮

1 4 1

1 4 1

1 5

⎤⎥⎥⎥⎥⎥⎥⎥⎦

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎣

V2,j

V3,j

V4,j

⋮

Vm−3,j

Vm−2,j

Vm−1,j

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎦

= 6

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎣

F1,j

F2,j

F3,j

⋮

Fm−4,j

Fm−3,j

Fm−2,j

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎦

Fig. 7  Coordinate system of 
gear skiving tool for rack cutter 
machining
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According to the free endpoint condition (10), the u-direction  
control points Vi,j can be obtained, taking the control  
points Vi,j as the shape point in the w direction, the B-spline 
surface control point pi,j is obtained in the same way. Equa-
tion (12) is the NURBS surface fitting equation, where Ni,3(u) 
and Nj,3(w) are the basis functions.

3.2  Cutting edge solution

3.2.1  Rake face model

In the process of gear skiving, there is an axial intersection 
angle between the tool and the workpiece. Therefore, the plane 
inclined to a certain angle with the end face is used as the rake 
face to make the cutting angles of the two edges of the gear skiv-
ing cutter close and reduce the edge error of the gear to be pro-
cessed. In Fig. 8, the coordinate system Ss-Oxyz is the rake face 
coordinate system, Sa-Oaxayaza is the auxiliary face coordinate 
system, and S1-O1x1y1z1 is the tool motion coordinate system. 

(11)

{
V1,j = V2,j

Vm,j = Vm−1,j

(12)

⎧
⎪⎨⎪⎩

P(u,w) =

K−1�
i=0

L−1�
j=0

pi,jNi,3(u)Nj,3(w)

0 ≤ u ≤ 1, 0 ≤ w ≤ 1

The rake face normal vector can be expressed as n(0,0,1) in the 
coordinate system S, according to Eq. (13), the normal vector of 
the rake face is n1(cosγesinβ,-sinγe,cosγecosβ) [13, 14].

where γe is the rake angle of the tool, β is the tool helix 
angle, Ma,s is the matrix of the transformation from the rake 
surface coordinate system, Ss to the auxiliary surface coordi-
nate system Sa, M1,a is the matrix of the transformation from 
the auxiliary surface coordinate system, Sa to the tool motion 
coordinate system S1, and the rake surface equation in S1 is:

3.2.2  Solution of cutting edge intersection

The solution of the skiving cutting edge curve based on 
the conjugate principle is equivalent to the solution of the 
intersection of two curved surfaces. The envelope surface 
of the rack tool tooth surface is the conjugate surface of the 
skiving tool. The component of the conjugate surface fitting 
point in the coordinates can be expressed as x2 = P1(u,w), 
y2 = P2(u,w), and z2 = P3(u,w). The rake surface equation can 
be written as f(x2,y2,z2) = 0, in this paper, the Newton itera-
tion method is used to approximate the distance between 
the vertex of conjugate surface mesh and rake face to obtain 
the main cutting edge. Bring the four vertices of the con-
jugate face-fit point cloud mesh element into the rake face 
equation, and the corresponding function values are p(ui,wj), 
p(ui,wj+1), p(ui+1,wj), and p(ui+1,wj+1). The main calculation 
steps of the main cutting edge are as follows (Fig. 9): 

(a) Bring the components x2 = P1(u,w), y2 = P2(u,w), and 
z2 = P3(u,w) of the vertices of the mesh in the fitting 
point cloud into f(x2,y2,z2) and judge the symbol of the 
vertices of each mesh (greater than 0 is recorded as 
“ + ”, otherwise it is recorded as “ − ”).

(b) Judge the calculation results of (a). If the symbols of 
the calculation results of the four vertices in the grid 
are the same, the grid unit has no intersection with the 
equal rake face, otherwise, go to (c).

(13)nT
1
= B2B1n

T

(14)Ma,s =

⎡⎢⎢⎢⎣

1 0 0 0

0 cos �e sin �e 0

0 sin �e cos �e 0

0 0 0 1

⎤⎥⎥⎥⎦

(15)M1,a =

⎡⎢⎢⎢⎣

cos � 0 sin � 0

0 1 0 r1
sin � 0 cos � 0

0 0 0 1

⎤⎥⎥⎥⎦

(16)x1 cos �e sin � − (y1 − r1) sin �e + z1 cos �e cos � = 0

Fig. 8  Rake face coordinate system
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(c) For the element edges with different signs at both 
ends, the Newton iteration method can be used to cal-
culate the intersection point. Let h(ui+1,wj+1) be “ − ”, 
h(ui+1,wj) be “ + ”, and ut = ui+1 in the intersection point 
(ut,wt), and wt can be calculated by Newton iteration 
formula (17).

Let w1 = wj and w2 = wj+1 to set the iteration accu-
racy ξ = 0.0001, wt = wk+1 when Eq.  (17) iteration to 
wk+1 − wk < ξ, calculate the corresponding u and w values 
and substitute them into Eq. (16) to obtain the intersection 

(17)wk+1 = wk −
wk − wk−1

h
(
ut,wk

)
− h

(
ut,wk−1

)h(ut,wk

)

point (Table 1). Figure 10 is the schematic diagram of solv-
ing the cutting edge curve when the rake face intersects with 
the tool tooth surface. The cutting edge curve in the figure is 
the intersection line between the rake face and the tool tooth 
surface, the envelope curve is the intersection line between 
the rake face and the rack tool envelope surface, ra is the 
addendum circle, rb is the dividing circle, and rf is the root 
circle.

3.3  Skiving cutter model

Taking the orthogonal face gear as an example, build the 
three-dimensional model of a gear skiving cutter. The 
design flow is shown in Fig. 11, the rake face equation is 

Fig. 9  Schematic diagram of surface intersection
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obtained with reference to Sect. 3.2; modulus m = 3 mm, 
the number of teeth z2 = 80, shaft angle γ = 8º. Calculate 
the point cloud of the tooth surface of the conjugate sur-
face and fit it with the cubic B-spline surface. The cutting 
edge is obtained by fitting the intersection with Eq. (18):

Imported the cutting edge point cloud fitted by the cubic 
B-spline curve into CAD software to construct the tooth 
surface of gear skiving cutter, the single tooth model is con-
structed by surface stitching, and the solid model of gear turn-
ing tool is obtained by single tooth solid array.

(18)

⎧⎪⎨⎪⎩

k(u�) =

n�
j=0

dj Nj,3(u
�)

0 ≤ u� ≤ 1

4  Kinematic model of the face gear skiving

4.1  Gear skiving coordinate system

Figure 12 is the gear skiving coordinate system established 
according to the tooth surface generation principle [1–4], 
in which Ss-Osxsyszs is the tool motion coordinate system, 
S2-O2x2y2z2 is the surface gear motion coordinate system, 
Ss0-Os0xs0ys0zs0 is the tool reference coordinate system, 
and S20-O20x20y20z20 is the surface gear reference coordi-
nate system. φ2 is the rotation angle of the face gear, φs 
is the rotation angle of the skiving cutter, r is the distance 
between the center point of the face gear and the center 
point of the skiving cutter, and γ is the axis intersection 
angle. The envelope equation of face gear skiving tooth 
surface is as follows:

(19)
{

r2(u, l) = M2,s ⋅ rs(u, l)

M2,s = M2,20 ⋅M20,s0 ⋅Ms0,s

(20)M20,s0 =

⎡⎢⎢⎢⎣

0 0 −1 −r ⋅ cos �

0 1 0 r ⋅ sin �

1 0 1 0

0 0 0 1

⎤⎥⎥⎥⎦

(21)Ms0,s =

⎡⎢⎢⎢⎣

cos�s sin�s 0 0

− sin�s cos�s 0 0

0 0 1 0

0 0 0 1

⎤⎥⎥⎥⎦

(22)M2,20 =

⎡⎢⎢⎢⎣

cos�2 − sin�2 0 0

sin�2 cos�2 0 0

0 0 1 0

0 0 0 1

⎤⎥⎥⎥⎦

Table 1  Intersection coordinates mm

Point x y z

1 −2.0160 −42.4947 6.6389
2 −1.9979 −42.5991 6.6215
3 −1.9783 −42.7081 6.6033
4 −1.9569 −42.8214 6.5843
5 −1.9337 −42.9390 6.5643
6 −1.9087 −43.0609 6.5435
7 −1.8817 −43.1869 6.5218
8 −1.8527 −43.3171 6.4993
9 −1.8216 −43.4514 6.4759
… … … …
… … … …
494 3.4700

16.774
 − 42.6117 5.8513

495 3.4806  − 42.5077 5.8646

Fig. 10  Schematic diagram of 
cutting edge envelope solution
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Fig. 11  Gear turning tool design process

The International Journal of Advanced Manufacturing Technology (2022) 121:5181–51965190



1 3

where Ms0 are the coordinate conversion matrix from Ss to 
Ss0, M20,s0 are the coordinate conversion matrix from Ss0 to 
S20, and M2,20 are the coordinate conversion matrix from 
S20 to S2.

4.2  Solution of enveloping surface model of face 
gear

The machining process of face gear can be seen as the 
conjugate evolution movement of the skiving cutter and 
face gear. The envelope of the gear skiving tool’s cutting 
edge is the tooth surface of face gear. Figure 13 shows 
the projection of the cutting edge point cloud in the tooth 
direction. Take O as the center, set zr uniform radii within 
the range [ra,rf], all cutting edge point clouds are divided 
into regions in the circles corresponding to these radii. 
Because the tooth surface of face gear is located outside 
the point cloud space of the cutting edge in the process 
of machining movement, the outer envelope curve of the 
cutting edge is the envelope curve of face gear. Therefore, 
in the i-th ring determined by radius [zi,zi + Δz], the two 
points P1 and P2 furthest from the z-axis in the envelope 
point cloud of all cutting edges are the points of the face 
gear envelope at the radius zi. Thus, the envelope of face 
gear can be solved by identifying P1 and P2 points cor-
responding to all Zr radii [15, 16].

According to the working principle of skiving, chang-
ing the rotation angle φs of the skiving tool and the tooth 

feed amount r in the coordinate system shown in Fig. 6, 
constitute cutting edge point cloud for different feeds to 
extract the continuous tooth surface enveloping line, and 
finally constitutes the enveloping tooth surface of the face 

Fig. 12  Gear skiving coordinate 
system

Fig. 13  Cutting edge track tooth direction section
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gear as shown in Fig. 14. In order to improve the accuracy 
of tooth surface extraction of face gear, the extracted point 
cloud is fitted with NURBS surface, and Eq. (23) is the 
surface fitting equation.

5  Error analysis and modification of gear 
skiving

5.1  Error analysis

The tooth surface of the tool after grinding can be regarded 
as composed of the intersection line of the rake surface and 
a series of modified tooth surfaces, the processed gear is 
formed through the development processing of the tool, and 
the cutting motion track of the tool cutting edge has meshed 

(23)

⎧⎪⎨⎪⎩

P(u,w) =

M−1�
i=0

L−1�
j=0

pijNi,3(u)Nj,3(w)

0 ≤ u ≤ 1, 0 ≤ w ≤ 1

with the processed gear. Therefore, there is no error only 
when the projection of the cutting edge on the end face coin-
cides with the theoretical tooth shape [20, 21]. However, due 
to the existence of front angle and back angle, the projection 
of the cutting edge on the end face is not an involute, so the 
principle error of gear skiving cutter is formed, as shown 
in Fig. 15. Where αe and γe are the back angles and front 
angles, respectively, ra is the radius of the addendum circle, 
rb is the radius of the dividing circle, and rf is the radius of 
the root circle.

Table 2 shows the specific parameters of gear skiving. Solv-
ing the point cloud of the cutting edge corresponding to dif-
ferent front and back angles and analyzing the error according 
to the content of Sect. 3.2. Figure 16 shows the tooth profile 
deviation corresponding to different front angles. It can be seen 
from the figure that the tooth profile error gradually increases 
from the tooth top to the tooth root, and increases with the 
value of the tool rake angle. When the back angle αe = 6° and 
the front angle γe = 5°, the maximum error value of the left 
tooth profile is about 24 μm and the maximum error value of 
the right tooth profile is about 20 μm. The errors on both sides 
of the tooth profile are different, this is due to the asymmetric 
projection of the tooth profiles on both sides of the front face.

5.2  Tool profile modification

Figure 17 shows the variation trend of tooth profile deviation 
on the right side of the gear skiving cutter under different 

Fig. 14  Schematic diagram of enveloping cutting edge

Fig. 15  Schematic diagram of 
cutting edge error

Table 2  Scraping machining parameters

Parameter Skiving cutter Face gear

Pressure angle/°
Modulus/mm
Number of teeth
Helix angle/°

20
3
31
5

20
3
90
-

Back edge angle/° 5 -
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modification coefficients. Compared with the unmodified 
tooth profile deviation curve, with the increase of the modi-
fication coefficient, the tooth profile deviation first increases, 
then decreases, and finally increases. When the modification 
coefficient is a = 0.0005, the overall tooth profile deviation is 
the smallest. Figure 18 shows the variation trend of the left 
tooth profile deviation of the gear skiving cutter under differ-
ent modification coefficients. Similar to the variation trend 
of the right tooth profile deviation, the tooth profile deviation 

increases first, then decreases, and finally increases. When 
the modification coefficient a = 0.0004, the overall tooth pro-
file deviation is the smallest.

5.3  Influence of the skiving cutter error on tooth 
surface

Let the rake angle αe = 0° and the front angle γe = 0°, and 
take the obtained tooth surface as the error-free reference 

Fig. 16  Tooth profile error on 
both sides of the tool

Fig. 17  Tooth profile error: a left tooth profile error; b right tooth profile error
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tooth surface. Take the front angle αe = 5° front angle γe = 5° 
enveloping tooth surface as the comparison tooth surface, 
analysis of the influence of the modification factor on the 
error of the left and right flanks. Figure 18a is the cloud 
diagram of the error distribution of the left and right tooth 
surfaces corresponding to the situation of no modification. 
It can be seen from the figure that the maximum error of the 
left and right tooth surfaces is distributed at the tooth top, in 
which the maximum error of the left tooth surface is 25 μm 
and the maximum error of the right tooth surface is 23 μm. 
Figure 18b is the cloud diagram of tooth surface error cor-
responding to different modification coefficients. The modi-
fication coefficient of the left tooth surface is 0.0005, and the 
maximum error is about 14 μm. The modification coefficient 
of the right tooth surface is 0.0004 and the maximum error 
is about 15 μm.

Figure 19 is error topological diagrams corresponding to 
different correction coefficients of left and right tooth sur-
faces. It can be seen from the figure that the tooth surface 
obtained according to the parabola modification edge enve-
lope can significantly reduce the tooth surface error.

6  Conclusion

1. This paper proposed a new type of skiving method for 
face gear. According to the principle of gear generat-
ing machining, continuously adjust the offset distance 
between the rotary axis of the skiving tool and the rotary 
axis of the face gear to be machined, and make the skiving 
tool feed along the tooth direction so that the gear skiving 
tool can efficiently cut the design tooth profile on the face 

Fig. 18  Tooth surface error: a tooth surface error without modification; b modified tooth surface error

Fig. 19  Error diagram of face 
gear tooth surface: a error 
diagram of left tooth surface; 
b error diagram of right tooth 
surface
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gear to be machined, which can effectively improve the 
machining efficiency and accuracy of face gear.

2. Based on the principle of the skiving and generating 
motion, the calculation method of the cutting edge of 
skiving tool and a method of solving the tooth surface of 
face gear based on the contour envelope of the discrete 
cutting edge is proposed. The conjugate surface of the 
gear skiving tool is solved according to the tooth profile 
of the modified rack cutter. The intersection of the rake 
face and the conjugate surface is solved by Newton itera-
tive method. The mathematical model of the gear skiving 
tool is constructed by importing the cutting edge data to 
the CAD software, and the envelope profile of the cutting 
edge is extracted to obtain the gear tooth surface model.

3. This paper analyzed the error source of the face gear 
skiving machining and proposed a modification method 
for the skiving tool. The model of the skiving tool is 
deduced with a bilateral parabola modified rack tool and 
analyzed the tool tooth profile and the machining tooth 
surface error. The result shows that when the modifica-
tion coefficient a are 0.0005 and 0.0004, respectively, 
the error of left and right tooth profiles are generally 
low. Compared with the gear without profile modifica-
tion, the tooth surface error is reduced by 11 and 8 μm, 
respectively.
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