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Abstract. The variable hyperbolic circular-arc-tooth-trace (VH-CATT) cylindrical gear is a new type of gear. In
order to research the contact characteristics of the VH-CATT cylindrical gear, tooth surface mathematical models
of this kind of gear pair are derived based on the forming principle of the rotating double-edged cutting method
with great cutter head in this regard. Then, according to the differential geometry theory and Hertz theory, the
formula of the induced normal curvature and equation of the contact ellipse are derived based on the condition of
continuous tangency of two meshing surfaces, which proves that the contact form of VH-CATT cylindrical gear
is point contact. The present work establishes analytical solutions to research the effect of different parameters
for the contact characteristic of the VH-CATT cylindrical gear by incorporating elastic deformation on the tooth
surface, which have shown that the module, tooth number and cutter radius have a crucial effect on the induced
normal curvature and contact ellipse of the VH-CATT cylindrical gear in the direction of tooth trace and tooth
profile. Moreover, a theoretical analysis solution, a finite element analysis and the gear tooth contact pattern are
carried out to verify the correctness of the computerized model and to investigate the contact type of the gear;
it is verified that the contact form on the concave surface of the driving VH-CATT cylindrical gear rotates from
dedendum at the heel to the addendum at toe and is an instantaneous oblique ellipse due to elastic deformation of
the contact tooth profile, and the connecting line of the ellipse center is the contact trace path. It is indicated that
the research results are beneficial for research on tooth break reduction, pitting, wear resistance and fatigue life
improvement of the VH-CATT cylindrical gear. The results also have a certain reference value for development
of the VH-CATT cylindrical gear.

1 Introduction

The variable hyperbolic circular-arc-tooth-trace (VH-CATT)
cylindrical gear is a new kind of mechanical transmission
part (Wei et al., 2018b). Comparing with the involute spur
gear and helical gear, the VH-CATT cylindrical gear has the
arc tooth line, as well as better meshing performance, mean-
ing it has higher contact ratio and no axial force (Wei et al.,
2018a). These factors mean that the gear can bear higher
loading, have higher transmission efficiency and have a more
stable transmission (Song et al., 2006; Di et al., 2006; Xiao
et al., 2013). According to the current investigated references

(Wang et al., 2012; Zhao et al., 2016; Tang et al., 2016;
Zhang et al., 2016; Wei et al., 2017; Sun et al., 2016; Luo
et al., 2018), the complete theoretical system about contact
characteristic for the VH-CATT cylindrical gear has not been
studied up to now. And the contact forms of the VH-CATT
cylindrical gear have been strictly proved by a mathematical
method. However, the contact characteristic of the VH-CATT
cylindrical gear has a great influence on the gear’s stability,
reliability, structure and noise. Therefore, the design process
of the entire VH-CATT cylindrical gear pair needs to be op-
timized, and it will be hindered by the complexity of the con-
tact phenomenon. In the process of gear manufacturing, tooth
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contact analysis (TCA) is an effective method for evaluating
meshing performance of gear, and it has been widely used in
milling (Litvin et al., 2006), hobbing (Fan, 2006) and grind-
ing (Fong and Chen, 2016). Researchers have done a great
deal of work on TCA for different types of gears: cylindrical
gear (Fuentes et al., 2014), spiral bevel gears (Kawasaki and
Tsuji, 2010), hypoid gears (Fan, 2007), face gears (Litvin et
al., 2001), worm gears (Litvin et al., 2002) and noncircular
gears (Zheng et al., 2018). In addition, although the tooth
geometry of a single gear is determined by its manufactur-
ing process, the resulting contact characteristics are always a
consequence of interactions between both gear pair elements.
Because of this, a substantial of research work of analyzing
and optimizing single gear pairs has already been done by
experimental testing or computerized tooth contact analysis
(Litvin et al., 2006; Simon, 2011; Kolivand and Kahraman,
2010; Vivet et al., 2018; Fuentes et al., 2014; Tseng and Tsay,
2001). Aiming at exploring the key performance of a gear
pair, the simulation analysis of the gear meshing process was
carried out without the expensive prototype and experimental
test. In the cause of evaluating the quality of a gear pair under
loading conditions, it is a common practice to extend gear
contact analysis to the finite element analysis of gear pair.
The mathematical model of curvilinear cylindrical gears ma-
chined by the same face-milling cutter was established, and
the undercutting conditions and contact characteristics of this
type of curvilinear cylindrical gear were analyzed (Tseng and
Tsay, 2004, 2005). A mathematical model of a curvilinear
cylindrical gear with variable tooth trace generated by a pair
of independent face-milling cutters was proposed, its contact
characteristics were analyzed, and the stress analysis was ac-
complished (Parsons et al., 2004). In one reference (Tseng
and Tsay, 2006), a new method of continuous indexing of
manufacturing of curvilinear cylindrical gear drives by hob-
cutters was proposed. The geometric mathematical model of
that type of gear was described, and their undercutting con-
ditions and contact characteristics were analyzed (Fuentes et
al., 2014). The main curvature and normal curvature are the
basic parameters which reflect the geometric characteristics
of a tooth surface. The gear’s transmission quality is deter-
mined by the curvature relationship between the conjugate
tooth surfaces of the gear pair. And the contact form, contact
characteristic and the contact stress of the gear pairs are also
determined by the curvature of tooth surface.

In order to obtain an accurate contact detection between
two meshing geometries, an accurate description of the re-
spective geometry is required. According to the meshing the-
ory and double-edged cutting method with great cutter head,
the tooth surface equation of the VH-CATT cylindrical gear
was derived in Sect. 2. Then, based on differential geometry
theory and Hertz theory, the calculation formulas of the in-
duced normal curvature and the contact ellipse were derived
in Sect. 3, and the finite element analysis model of the VH-
CATT cylindrical gear and the contact experiment were es-
tablished. And this was used to verify the contact form of

the VH-CATT cylindrical gear. In Sect. 4 the information
about the effects of design parameters on induced normal
curvature, contact ellipse and stress variation and distribution
in meshing process was computed based on Hertz contact
theory, and the math model was studied. The present study
has certain reference value for the dynamic design and noise
reduction of the VH-CATT cylindrical gear by the double-
edged cutting method with great cutter head.

2 Math model for tooth surface of the VH-CATT
cylindrical gear

Based on the double-edged cutting method with great cut-
ter head, the VH-CATT cylindrical gear is machined by the
mutual movement of the cutter head installed on the rotat-
ing spindle and the gear blank. The fixed angle is always set
between the inside and outside edge of the cutter and the cut-
ter axis. The two conical surfaces are formed by the double-
edged cutter in cutting process. The concave tooth surface is
cut by the outside cutting edge. The convex tooth surface is
cut by the inside cutting edge. In this way, the concave and
convex tooth surfaces of the VH-CATT cylindrical gear can
be formed by the generative movement between the cutter
and the gear blank. The coordinate systems of the double-
edged cutting method with great cutter head were set up as
shown in Fig. 1. The coordinate system o1−x1, y1, z1 is con-
nected with rotation axis of the cutter; o1 is located on the
reference area of the cutter. The coordinate system od0−xd0,
yd0, zd0 is also connected with the rotation axis of the cut-
ter, and the location of coordinate origin od0 is the same as
the coordinate system o1−x1, y1, z1. The coordinate system
o2− x2, y2, z2 is connected with the gear blank of the VH-
CATT cylindrical gear; o2 is located on the center of the gear
blank. The coordinate system od − xd , yd , zd is also con-
nected with the gear blank, and the location of coordinate
origin od is the same as the coordinate system o2−x2, y2, z2,
but it is a moving coordinate system.

The geometric shape and parameters of the cutting edge
are shown in Fig. 2, and the position vector equation of cutter
surface in the moving coordinate system o1− x1, y1, z1 was
expressed as x1 =−(±usinα+RT ± πm

4 )cosθ,
y1 =−(±usinα+RT ± πm

4 ) sinθ,
z1 = ucosα,

(1)

where u is the displacement from a random point on the cut-
ting tool surface to the reference point on the direction of
the cutting edge. α is the pressure angle of cutter. RT is the
generative radius of the cutter. θ is known as tooth profile
position angle, which is from the cutter to the end face of
the gear blank in the manufacturing process, and its value is
positive in the clockwise direction.

According to the spatial meshing theory and the trajec-
tory relationship between cutting edge and gear blank in the
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Figure 1. Machining principle coordinate system with great cutter
head.

Figure 2. The geometric shape and parameters of the cutting edge.

coordinate system (combining the coordinate transformation
matrix), the position vector equation of tooth surface of the
VH-CATT cylindrical gear was derived. The transformation
process is given as follows:

The transformation matrix M21 from the coordinate sys-
tem o1− x1, y1, z1 to the coordinate system o2− x2, y2, z2
can be represented as

M21 =


1 0 0 RT
0 0 1 −RT
0 −1 0 0
0 0 0 1

 . (2)

The transformation matrix Md2 from the coordinate system
o2− x2, y2, z2 to the coordinate system od − xd , yd , zd can
be represented as

Md2 =


cosϕ sinϕ 0 R1ϕ cosϕ
−sinϕ cosϕ 0 −R1ϕ sinϕ

0 0 1 0
0 0 0 1

 . (3)

So, the coordinate expression in the coordinate system od −

xd , yd , zd could be expressed as
xd
yd
zd
1

=Md2M21


x1
y1
z1
1

 . (4)

Based on the transformation matrix, the tooth surface equa-
tion of the VH-CATT cylindrical gear is given as
x1 =

[
−(RT ±πm/4± usinα)cosθ +R1ϕ1+RT

]
cosϕ1− (ucosα+R1) sinϕ1,

y1 =
[
−(RT ±πm/4± usinα)cosθ +R1ϕ1+RT

]
sinϕ1+ (ucosα+R1)cosϕ1,
z1 =−(RT ±πm/4± usinα) sinθ,
u=∓sinα(RT ∓πm/4)+ (R1ϕ1+RT ) sinα/cosθ,

(5)

Where ϕ1 is the rotation angle of the gear blank. The sym-
bol “±” represents the concave tooth surface, and symbol
“∓” represents the convex tooth surface of the VH-CATT
cylindrical gear. The tooth surface is the formed enveloping
surface expressed by cutter parameter θ and rotation angle
parameter ϕ1.

3 Solutions of contact analysis for the VH-CATT
cylindrical gear

On the basis of the forming principle, the VH-CATT cylindri-
cal gear is cut by the double-edged cutting method with great
cutter head. The curvature radius of the concave tooth sur-
face is greater than the radius of the convex tooth surface. So
the contact form of the VH-CATT cylindrical gear appears as
the point contact. Because of the elasticity deformation under
the load, the contact section becomes an ellipse from a con-
tact point in the instantaneous contact point. And the center
of the instantaneous contact ellipse overlaps with the theory
contact point. In fact, in the entire process of gear meshing,
the contact trace is a series of contact ellipses. The induced
normal curvature and contact ellipse of the gear pair directly
affect the contact characteristics of the gear transmission. In
order to study the contact situation of the concave and con-
vex tooth surfaces of the meshing pair, the induced normal
curvature and the area of contact ellipse are regarded as the
measurement index of the contact performance in this paper,
and the influence rules of gear design parameters for the con-
tact performance are analyzed.

3.1 Induced normal curvature

The contact of the gear pair in the meshing process is the re-
sult of interactional forces between two gear tooth surfaces,
so it is not enough just to analyze one gear’s normal curva-
ture; instead, it is required to study the relative normal curva-
ture of the tooth surfaces, namely, induced normal curvature.
The induced normal curvature of conjugate tooth surfaces
of a gear pair is regarded as an important reference which
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Figure 3. Curvature relationship of the contact tooth surface.

directly affects the lubrication condition and contact perfor-
mance of a gear transmission device. The induced normal
curvature can provide the theoretical foundation for evaluat-
ing the gear drive mechanism and choosing the gear param-
eter reasonably. According to the motion geometry method,
binary vector method and relative differential method, the in-
duced normal curvature is studied by many scholars in China
and elsewhere. In this paper, the induced normal curvature of
the VH-CATT cylindrical gear is derived systematically by
using differential geometry and space meshing principle.

In general, the quality of transmission performance of the
gear pair is evaluated by the absolute value of the induced
normal curvature. In principle, the smaller the absolute value
of the induced normal curvature is, the better the transmis-
sion performance of the gear pair is. Especially the minimum
value of induced normal curvature is zero, which indicates
that the transmission pair is in the perfect meshing position.
Assuming that 6I is the concave surface of the VH-CATT
cylindrical gear and that6II is the convex surface of the VH-
CATT cylindrical gear, then 6I is tangent to 6II at point M .
The main directions of 6I are eI

1 and eI
2, and the main cur-

vatures are K I
1 and K I

2. The main directions of 6II are eII
1

and eII
2 , and the main curvatures areK II

1 andK II
2 ; ϕI is the di-

rected angle from eI
1 to eII

1 , and ϕg is the directed angle from
eI II

1 to eI
1; ϕ is the arbitrary directed angle from eI

1 to e. The
concave and convex surfaces have the same normal vector n

at pointM . The curvature relationship of the tangent surfaces
is shown in Fig. 3.

The direction angle ϕ is from eI
1 to the arbitrary direction

e. Based on Euler’s formula of normal curvatures, the normal
curvatures of 6I are expressed as

K I
=K I

1cos2ϕ+K I
2sin2ϕ =H I

+RI cos2ϕ, (6)

where RI
=

1
2 (K I

1−K
I
2), H I

=
1
2 (K I

1+K
I
2).

In the same direction, the normal curvatures of 6II are ex-
pressed as

K II
=K II

1 cos2(ϕ−ϕI)+K II
2 sin2(ϕ−ϕI)

=H II
+RII cos2(ϕ−ϕI), (7)

where RII
=

1
2 (K II

1 −K
II
2 ), H II

=
1
2 (K II

1 +K
II
2 ).

Figure 4. Contact ellipse.

In the same direction, the induced normal curvature of the
VH-CATT cylindrical gear is expressed as

K I II
=K I

−K II

=H I
−H II

+ (RI
−RII cos2ϕI)cos2ϕ

−RII sin2ϕI sin2ϕ. (8)

The two main values of induced normal curvature of the VH-
CATT cylindrical gear in the two main directions are ex-
pressed as

 K I II
1 =H

I II
+RI II

=K I
1−K

II
1 ,

K I II
2 =H

I II
−RI II

=K I
2−K

II
2 .

(9)

3.2 Contact ellipses

The contact from of the VH-CATT cylindrical gear is the
point contact. Because of the elasticity deformation under
the load, the contact section becomes an ellipse from a con-
tact point in the instantaneous contact point. In fact, in the
entire process of the gear meshing, the contact trace is a se-
ries of contact ellipses. The contact section appears as an el-
lipse, as shown in Fig. 4. The sizes of these contact ellipses
will affect the contact performance of the gear pair. The gear
surface’s elastic deformation depends on the load, but it is
generally considered a fixed value and equal to 0.00025 in.
(0.00632 mm) under the light load. In this paper, the study
mainly aimed at the light load, so let the elastic deformation
δ be 0.00632 mm.

According to the above analysis, we assume the contact
ellipse equation of the VH-CATT cylindrical gear as follows:

Ax2
+By2

=±δ. (10)
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The long axis a and short axis b of the contact ellipse can be
expressed as

a =

∣∣∣∣ δA
∣∣∣∣1/2, b =

∣∣∣∣ δB
∣∣∣∣1/2; (11)

A=
1
4

[
K I II

1 +K
I II
2 −

[(
RI)2
− 2RIRII cos2ϕI

+
(
RII)2]1/2]

; (12)

B =
1
4

[
K I II

1 +K
I II
2 +

[(
RI)2
− 2RIRII cos2ϕI

+
(
RII)2]1/2]

; (13)

sin2α =
2RII sin2ϕ1[(

RI
)2
− 2RIRII cos2ϕ1+

(
RII
)2]1/2 . (14)

Ellipse area can be represented as

S = πab. (15)

3.3 Stress variation and distribution in the meshing
process of the gear pair

To prove the validity of the computerized model and to study
the contact type of the gear, a theoretical analysis solution,
a finite element analysis and the gear tooth contact pattern
are carried out. The contact point on the concave surface
of the driving VH-CATT cylindrical gear moves from de-
dendum at the heel to the addendum at toe. The accurate
3D model of the VH-CATT cylindrical gear is set up by
MATLAB and UG NX8.0. The gear parameters are as fol-
low: tooth numbers z1 = 21 and z2 = 29, gear modulem= 4,
tooth width B1 = 84 mm and B2 = 80 mm, tooth line radius
RT = 500 mm, and the rest of the parameters are based on
the international standards. The geometric characteristic of
the VH-CATT cylindrical gear is determined by the cutter ra-
dius, tooth number and module. The contact performance of
the VH-CATT cylindrical gear is closely related to the tooth
surface geometry characteristics and the transmission princi-
ple.

To further verify the contact characteristics of the VH-
CATT cylindrical gear, to obtain the theoretical rigid-body-
based transmission errors and contact pattern and for the
comparison purpose, finite element method (FEM) simula-
tions are carried out on the VH-CATT cylindrical gear. The
finite element model for contact analysis of the VH-CATT
cylindrical gear is built into the ABAQUS software suite. A
linear reduced integration cell is selected, considering the ef-
ficiency and accuracy of the analytical calculations (C3D8R).
A reference point was established at the center of the gear.
The gear establishes multipoint constraints (MPCs) with the
two reference points, and the boundary conditions and con-
straints are imposed on the reference point. A fixed constraint

is applied at the reference point of the driving wheel, with
only 1 degree of freedom of rotation along the driving wheel,
and a bending moment is applied at that point; at the driven
wheel, the reference point applied a full fixation constraint.
Considering friction, a surface–surface contact pair between
concave and convex surfaces of the pinion is defined. The
multiload steps are loaded on the driving gear gradually to
figure out the initial contact of the meshing tooth pairs and
convergence of contact analysis. The contact stresses can be
acquired by releasing the rotational freedom of the driving
gear and applying angular displacement to the driving gear
axis. In the cause of minimizing the errors caused by struc-
tural deformation, the velocity applied to the pinion and the
torque of the gear are set to be very small. The contact sur-
faces of the gears are set to contact pairs. The static universal
solution is used.

Due to elastic deformation of the contact tooth profile, the
point is compressed into a momentary oblique ellipse, and
connecting line of the ellipse centers is the contact trace path
in Fig. 5a. The contact form of the VH-CATT cylindrical gear
is a cluster of elliptic families along the contact trace line in
the meshing process. The computed contact contours of the
VH-CATT cylindrical gear pairs are given in Fig. 5b, c. The
contact contour of gear pairs at the meshing area is an ellipse,
which further verifies that the contact type of the VH-CATT
cylindrical gear under the load capacity is the ellipse. The
largest contact stress is mainly distributed at the middle sec-
tion position of the tooth root of pinion in the meshing pro-
cess. The contact stress is along the direction of tooth trace,
and the contact area extends to the full tooth width range.
The contact pattern of the VH-CATT cylindrical gear type
is given in Fig. 5d. The simple contact pattern experiment is
conducted to show the contact pattern of this gear type. The
contact area is the bright area on the tooth surfaces of pin-
ion, which is easily observable and similar to the result of
finite element analysis (FEA) shown in Fig. 5b, c. With the
increase of load, the contact area of the gear can be extended
to the full tooth width, and the gear pair has no tooth surface
interference phenomenon in the meshing process. It should
be noted that this simple experiment verifies just the correct-
ness of the design and the consistency of computerized 3D
model and real gear.

4 Numerical calculation

4.1 Effects of design parameters on induced normal
curvature

The contact strength and lubrication effect of the gear pair are
influenced by the induced normal curvature. Figure 6 shows
the variations of the induced normal curvature of the VH-
CATT cylindrical gear in the two main directions from the
tooth root to the tooth tip. It can be seen from Fig. 6 that
the extent of variation of the induced normal curvature of
the gear pair in the meshing process is very small at both
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Figure 5. Contact areas in the finite analysis and contact patterns in the rolling experiment.

main directions. The main value of the induced normal curva-
ture in the direction of tooth trace is nearly close to zero; the
main value of the induced normal curvature in the direction
of tooth profile is negative. The results are consistent with
the literature (Parsons et al., 2004), which shows that the in-
duced normal curvature must be negative when the direction
vector of common normal at the contact point of meshing
tooth surface points to the airspace. This also proved that the
phenomenon of gear profile interference during gear meshing
did not occur, and the gear pair is in an ideal meshing position
during the meshing process. Especially the absolute value of
the induced normal curvature in the direction of tooth profile
reaches minimum in the pitch circle. Meanwhile, this proved
that the transmission performance of the VH-CATT cylindri-
cal gear during the meshing process reaches the best effect
near the pitch circle. And the smaller induced normal cur-
vature makes the gear have a higher contact fatigue strength
of tooth surface and bending fatigue strength of tooth root,
which are consistent with results in the literature (Parsons et
al., 2004) that the VH-CATT cylindrical gear has a higher
contact fatigue strength of tooth surface and bending fatigue
strength of tooth root.

Investigation into the effect of module on the induced nor-
mal curvature of VH-CATT cylindrical gear during the mesh-
ing process is shown in Fig. 7; the induced normal curvature
of the VH-CATT cylindrical gear in the direction of tooth
trace increases with the increase of the gear module, but it
still remains near zero. When the gear module increases, the
induced normal curvature of the VH-CATT cylindrical gear

in the direction of tooth profile increases because of the in-
creasing tooth thickness due to the radius difference of the
inner and outer cutter blades. Therefore, it is necessary for
the gear design to choose the appropriate module.

For investigation into the effect of tooth number on the
induced normal curvature of the VH-CATT cylindrical gear
during the meshing process, the tooth number of pinion
and the driven gear for various tooth numbers remains un-
changed. As shown in Fig. 8, when the tooth number of the
driven gear increases, the induced normal curvature of the
VH-CATT cylindrical gear in the direction of tooth trace
remains unchanged at the initial meshing position ϕ1 = 0◦;
thus, the induced normal curvature of the VH-CATT cylin-
drical gear in the direction of tooth trace changes regularly at
the other meshing positions, but the scuffing domain happens
near zero. Along with the increase of tooth number of the
driven gear, the induced normal curvature of the VH-CATT
cylindrical gear in the direction of tooth profile becomes big-
ger where the minus sign represents the direction.

Effects of cutter radius on induced normal curvature of the
VH-CATT cylindrical gear are shown in Fig. 9. The main
value of induced normal curvature of VH-CATT cylindri-
cal gear in the direction of tooth trace reduces and mainly
reaches zero near the tooth trace as the cutter radius in-
creases. When the cutter radius is larger, the variations of
cutter radius have little effect on the induced normal curva-
ture in the direction of tooth profile. Meanwhile, as shown
Fig. 9a, when the cutter radius value is less than 60 mm, the
curve of induced normal curvature appears to change sud-
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Figure 6. The variations on induced normal curvature of gear pairs.

Figure 7. Effect of tooth module on induced normal curvature.

Figure 8. Effect of tooth number of the driven gear on induced normal curvature.

denly. The reason for this is that when the cutter radius is too
small, the gear cannot be cut. Therefore, when selecting the
nominal cutter radius, the rotation axis of the cutter is at least
ensured to be outside the boundary of the blade.

4.2 Effects of design parameters on contact ellipse

Investigation into the effects of design parameters on the area
of contact ellipse of the VH-CATT cylindrical gear shown

in Fig. 10, the design parameters are made of module, tooth
number and cutter radius. It can be read from Fig. 10a that
the variations of gear module have little effect on the area
of contact ellipse. The area of contact ellipse generated at
the tooth root part of the concave tooth surface of the driv-
ing pinion decreases with the increase of the module, but the
changed law of area of contact ellipse generated at the tooth
tip is opposite. It can be read from Fig. 10b that the varia-
tions of tooth number have the greater effects on the area of
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Figure 9. Effect of cutter radius on induced normal curvature profile.

Figure 10. Effects of design parameters on the area of contact ellipse.

contact ellipse. The area of contact ellipse generated at the
tooth root part of the concave tooth surface of the driving
pinion decreases with the increase of the tooth number. With
the increasing of the tooth number, the area of contact ellipse
generated at the tooth tip part of the concave tooth surface of
driving pinion increases, especially the contact ellipses close
to the tooth tip are more affected by the tooth number, but
the contact ellipses close to the tooth root for various tooth
numbers remain unchanged. It can be seen from Fig. 10c that
the area of contact ellipse reaches minimum when the cut-
ter radius is equal to the 200 mm. The reason for this is the
larger radius difference of the inner and outer cutter blades.
As shown in Fig. 10c, the area of contact ellipse increases

along with the increase of cutter radius, which leads to the
contact area gradually spreading until the two teeth are in full
engagement. When the cutter radius is greater than 800 mm,
the variation of area of contact ellipse is very small with the
increase of cutter radius.

5 Conclusions

In consideration of the elastic deformation on the concave
and convex surfaces of the tooth, analytical solutions to the
contact characteristics for the VH-CATT cylindrical gears
are proposed according to the Hertz contact theory and dif-
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ferential geometry. The effects of the module, tooth number
and cutter radius on the induced normal curvature and contact
ellipses are investigated, which have shown that the module,
tooth number and cutter radius have a crucial effect on the in-
duced normal curvature and contact ellipse of the VH-CATT
cylindrical gear in the direction of tooth trace and tooth pro-
file. Furthermore, to prove the validity of the computerized
model and explore the contact type of the gear, a theoreti-
cal analysis solution, a finite element analysis and the gear
tooth contact pattern were carried out. The contact form is
using the present contact mathematic model and is verified
by the finite element analysis and the gear tooth contact pat-
tern experiment. It is shown that gear pairs at the meshing
area form an ellipse under the load capacity from the con-
tact contours. The largest contact stress is mainly distributed
at the middle section position of the tooth root of pinion in
the meshing process. The contact stress is along the direction
of tooth trace, the contact area gradually becomes larger and
smaller, and the tooth force along the contact line is relatively
uniform. Therefore, the transmission of the VH-CATT cylin-
drical gear is more stable than ordinary gear transmission.
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