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Abstract. Based on gear meshing theory, the tooth surface equation with tooth profile modification parameters
is deduced, the tooth surfaces of unmodified and modified gears are constructed, the three-dimensional model of
unmodified and modified double helical gear-shaft-bearing system is established and then the three-dimensional
contact finite element model of double helical gear-shaft-bearing system is established and the load-bearing
contact analysis of the tooth surface is carried out. The actual contact state of the tooth surfaces of double helical
gears under different shaft stiffness and power transmission paths is investigated, and the influence of tooth
modification parameters on the load distribution of the tooth surfaces of double helical gear pairs is studied. The
results show that the tooth surface bearing the contact of the herringbone gear system has the phenomenon of
partial load due to the supporting deformation, and the unmodified herringbone gear has obvious contact stress
concentration. However, the phenomenon of partial load and stress concentration can be effectively improved by
gear tooth modification.

1 Introduction

Large ships usually use wide tooth surface cylindrical gears
with large bearing capacity, high transmission efficiency, sta-
ble transmission, compact structure and long life, and espe-
cially herringbone gears with high coincidence degree and
large tooth width are used. For the cylindrical gear with wide
tooth surface, the power flow direction and the load will have
a great influence on the bearing contact characteristics of the
tooth surface.

Gear tooth modification is done to improve the stability of
the gear transmission system and reduce vibration and noise
by changing the contact state of gears. At present, the re-
search focus is mainly on tooth profile and tooth direction
modification. Conry et al. (1973) solved the contact equa-
tion of a gear pair and proposed the modification method of
spur gear pair and helical gear pair. Lin (1994) compared and
analyzed the influence of two different curve modification
modes, the quadratic curve and straight line, on gear trans-
mission characteristics. Ohno et al. (1998) applied a three-
dimensional finite element method to analyze the contact

characteristics of a tooth-profile-modified gear during en-
gagement and compared the contact stress before and after
tooth modification. Seol et al. (2000) studied the influence
of gear tooth modification on the meshing performance of
tooth surface based on numerical analysis and finite element
analysis methods and found that gear modification can ef-
fectively reduce noise and extend the service life of gears.
Tesfahunegn (2010) used the contact finite element method
to study the influence of tooth profile modification on bend-
ing stress, transfer error and contact stress of spur gear pair.
Yang (2018) used KISSsoft to conduct research on the mod-
ification design of herringbone gear transmission and opti-
mize the traditional modification design process of herring-
bone gear. Wang (2019) derived the tooth profile equation
of the improved rack tool and established the tooth surface
contact analysis (TCA), loaded tooth surface contact analy-
sis (LTCA) and dynamic model of helical gear pair.

The technology of tooth surface bearing contact analysis
(Fang, 1998) is to carry out a computer simulation for the
gear before a trial production to obtain its working perfor-
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mance under simulated real working conditions. There are
many scholars (Gosselin et al., 1995; Litvin et al., 1996; Gos-
selin et al.,1998; Litvin et al., 2002) who have used the fi-
nite element method to analyze the bearing and contact of
gear transmission and have obtained the bearing and trans-
mission error curve, the actual coincidence degree, and the
changes in the contact and bending stress of the gear trans-
mission. Kristina et al. (2011) established a finite element
model of a planar gear and studied the variation law of the
maximum contact stress on the tooth surface during a gear
engagement period. Gonzalez (2012) used ABAQUS to es-
tablish a finite element model that considers the torsion effect
of bearing in gear transmission contact and discussed the in-
fluence of power flow direction and load size on gear contact.
Patil (2014) calculated the contact stress of a helical gear pair
under static action by using ANSYS software and studied
the variation law of contact stress with the spiral angle and
friction coefficient. Francisco (2016) proposed a new method
for tooth contact analysis, which solved the contact problem
based on the discretization of contact surfaces by reference
teeth and geometric adaptive refinement, and calculated the
instantaneous contact area of the gear group at each position
along the transmission cycle. Lin (2017) used finite element
software to carry out load-bearing contact analysis on gears
with errors and modifications and studied the error analy-
sis method of the helical gear system coupling transmission.
Wang et al. (2018, 2021) proposed an improved time-varying
mesh stiffness (TVMS) model of a helical gear pair and a
rapid TVMS calculation method, then studied a mesh stiff-
ness model of gear pairs with misalignment and lead crown
relief based on the slice theory, and derived the deformation
transfer model between the springs in a contact and non-
contact state.

The existing load-bearing contact analysis only stays in the
traditional gear tooth contact analysis, and there are few stud-
ies on the influence of support system deformation, power
flow direction and other factors on the load-bearing contact
of herringbone gear tooth surface, especially for the modi-
fied gear tooth surface. Therefore, on the basis of traditional
gear tooth bearing contact analysis, this paper further stud-
ies the influence of support system deformation and power
flow direction on the bearing contact of the herringbone gear
tooth surface, and modifies the gear based on its actual con-
tact state, in order to further reduce the vibration and noise
of gear transmission.

2 Modeling

2.1 Generation of modified tooth surface

In the process of gear operation, due to the different number
of teeth involved in meshing at the same time, the meshing
stiffness of gear teeth changes periodically, which leads to
the periodic change in the elastic deformation of gear teeth.
In addition, the influence of machining error during manu-

facture and center distance deviation during installation may
cause meshing interference and the partial load of gear teeth,
resulting in vibration and noise. As an effective way to solve
the above problems, gear tooth modification has been widely
used in high speed and heavy load gear transmission. There-
fore, it is necessary to study the parametric modeling method
of a gear pair with tooth modification in order to accurately
analyze the influence of gear tooth modification on the dy-
namic meshing performance of gear.

In this section, based on the space meshing theory, the
tooth surface equation of the modified gear is deduced. On
this basis, the parametric modeling program of the modified
helical gear pair is compiled to automatically generate the
accurate tooth surface of the helical gear with tooth profile
modification, and then the solid model of the double-helical
gear pair with tooth profile modification is established.

First, the two sides of the rack cutter are modified into a
parabola shape, and the shape of the tooth profile modifica-
tion section is obtained according to the coordinate transfor-
mation of the gear meshing principle, and then the devel-
opment process of the helical gear is slightly modified. The
tooth modification parameter is introduced to make the tooth
surface feed the parabola in the direction of tooth height in
the process of the spiral development. It can be imagined that
the helical gear is machined by a grinding wheel with tooth
profile modification. In the process of the spiral feed, the feed
in the direction of tooth depth is distributed according to the
parabola.

The gear is divided into two tooth surfaces, namely g tooth
surface and h tooth surface. As shown in Fig. 1, Sg(ogxgyg)
is the modification coordinate system of the left tooth sur-
face, and Sh(ohxhyh) is the modification coordinate system
of the right tooth surface. Where α is the pressure angle of
indexing circle, S0 is one-quarter of the base segment of the
normal plane, A is the quadratic coefficient of the modified
parabola, u is the independent variable, and u0 is the axis of
symmetry of the modified parabola.

The point on the g-modified tooth surface is represented
in the g coordinate system as follows:

Rg =
[
A(u− u0)2 u 0 1

]
. (1)

The point on the h-modified tooth surface is represented in
the h coordinate system as follows:

Rh =
[
−A(u− u0)2

;u;0;1
]
. (2)

The coordinate transformation matrices from the tooth sur-
face to rack normal surface includesMc_g andMc_h.Mc_g is
the transformation matrix of the g tooth surface to rack nor-
mal surface, and Mc_h is the transformation matrix of the h
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Figure 1. The two tooth surfaces, g and h, of a gear.

Figure 2. The coordinate conversion between Sc and Sm.

tooth surface to rack normal surface.

Mc_g =


cosα sinα 0 −s0
−sinα cosα 0 0

0 0 0 0
0 0 0 1

 . (3)

Mc_h =


cosα −sinα 0 s0
sinα cosα 0 0

0 0 1 0
0 0 0 1

 . (4)

Sc(oxcyczc) is the normal section coordinate system of a
rack, and Sm(oxmymzm) is the rack end coordinate system.
The coordinate conversion between Sc and Sm is shown in
Fig. 2, where β is the helix angle.

The coordinate transformation matrix between Sc and Sm
is as follows:

Mm_c =


cosβ 0 sinβ s0

0 1 0 0
−sinβ 0 cosβ 0

0 0 0 1

 . (5)

Figure 3. The coordinate conversion between Sm and Sn and Sn
and S1.

S1(ox1y1) is a dynamic coordinate system fixed to the end
face of the helical gear, and Sn(oxnyn) is a fixed coordinate
system connected to the end face of the helical gear. rp is the
radius of the gear pitch circle, and ϕ is the angle of rotation
of the coordinate system S1 about the Zn axis.

The coordinate transformation matrix between Sm and Sn
is as follows:

Mn_m =


1 0 0 −rp×ϕ

0 1 0 rp
0 0 1 0
0 0 0 1

 . (6)

The coordinate transformation matrix between Sn and S1 is
as follows:

M1_n =


cosϕ sinϕ 0 0
−sinϕ cosϕ 0 0

0 0 1 0
0 0 0 1

 . (7)

S2(ox2y2z2) is the coordinate system moving along the spi-
ral. The coordinate conversion between S1 and S2 is shown
in Fig. 4, where E = B × ε2 and k = rb/ tanβ.

The coordinate transformation matrix between S1 and S2
is as follows:

M2_1 =


1 0 0 0
0 1 0 −B × ε2

0 0 1 −k× ε

0 0 0 1

 . (8)

The coordinate transformation matrix between S2 and S3
is as follows:

M3_2 =


cosε −sinε 0 0
sinε cosε 0 0

0 0 1 0
0 0 0 1

 . (9)
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Figure 4. The coordinate conversion between S1 and S2 and Sn and
S1.

Figure 5. The coordinate conversion between S2 and S3.

Finally, the equation of a two-way modified tooth surface
is obtained as follows:

R3g =M3_2∗M2_1∗M1_n∗Mn_m∗Mm_c∗Mc_g∗Rg, (10)
R3h =M3_2∗M2_1∗M1_n∗Mn_m∗Mm_c∗Mc_h∗Rh. (11)

To solve the point coordinates of the working tooth surface,
there are three unknowns, ε, ϕ, and u, which need three equa-

Figure 6. The modified tooth cloud.

Figure 7. The accurate three-dimensional solid model of the modi-
fied double-helical gear pair.

tions, respectively, as follows:

(1) Radius direction : x2
3 + y

2
3 = R

2. (12)
(2) Teeth width direction : z3 = z. (13)
(3) Meshing equation : f = (a(1 : 3)× b(1 : 3) · c(1 : 3)). (14)

The derivation of R3 to u is a, the derivation of R3 to ε is
b, the derivation of R3 to ϕ is c, and the meshing equation is
a mixed product of the three vectors.

The modified tooth surface point cloud is obtained by pro-
gramming the calculation, as shown in Fig. 6. The red arrow
indicates the direction of tooth width, the white arrow in-
dicates the direction of tooth thickness, and the blue arrow
indicates the direction of tooth height.

The point set on the surface is imported into SolidWorks
software, and the helical gear tooth surface with tooth modifi-
cation is created. Then, the tooth surface is stitched to gener-
ate the solid, and the accurate three-dimensional solid model
of the modified helical gear pair is obtained, as shown in
Fig. 7.
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Figure 8. Model cutting schematic. (a) Single tooth cutting
model. (b) Integral cutting model.

2.2 Gear-shaft-bearing system 3D contact finite
element model

In the process of gear transmission, with the constant change
in the meshing position, the stiffness and bearing position of
gear teeth are constantly changing along the tooth direction,
and the distribution of the load between teeth is also chang-
ing. Accurate solution of load distribution between teeth and
load distribution on tooth surface is the basis of gear tooth
modification. Most of the existing calculation methods are
based on some assumed contact area shape, according to
Hertz contact theory, which deviates from the actual con-
tact situation. The finite element method can solve the con-
tact nonlinear problem well, and the instantaneous contact
area shape and the pressure distribution of cylindrical gear
are very typical contact nonlinear problems, so the finite ele-
ment software can be used to analyze and calculate the con-
tact state of gear.

In the process of finite element calculation, the quality and
quantity of meshing have a great influence on the calculation
results and calculation cost. In order to improve the quality of
the contact surface mesh and reduce the overall mesh quan-
tity in contact analysis, this paper will cut the gear model. As
shown in Fig. 8, the herringbone gear is cut into two helical
gears, and each tooth of the helical gear is cut into four parts
to facilitate subsequent calculations.

In this paper, the three-dimensional model of the herring-
bone gear system is imported into the finite element software
ABAQUS. The solid segmentation technology is used to di-
vide the model by a hexahedral mesh; the mesh of the contact
area of the encrypted tooth surface and the sparse mesh are
used in the non-gear contact area. The mesh size of the con-
tact tooth surface is kept at about 50 % of the contact half
bandwidth, and the transition mesh size is used to divide the
mesh. The mesh along the tooth width direction is 1 mm, and
the rest is divided by automatic mesh division. The rational-

Figure 9. The finite element models. (a) Meshing of single gear
teeth. (b) Meshing of the herringbone gear system.

Table 1. Design data of the herringbone gear drive represented in
Fig. 9.

Magnitudes Values

Module, m (mm) 2.5
Pressure angle, a (degrees) 20
Tooth number of the pinion, Z1 25
Tooth number of the wheel, Z2 50
Face width, b (mm) 210 (90+ 30+ 90)
Pinion shaft diameter, D1 (mm) 90
Wheel shaft diameter, D2 (mm) 120
Young’s modulus, E (MPa) 210000
Poisson’s ratio, υ 0.3
Applied torque, T (Nm) 7000

ity of this meshing method has been proved in other research
(Zhu, 2009; Gonzalez, 2012).

The finite element model of the herringbone gear system
established in this paper is shown in Fig. 9, and the design
data of the herringbone gear drive represented in Fig. 9 are
shown in Table 1. The modeling process is shown in Fig. 10.

3 Results and discussion

According to the above modeling method, the three-
dimensional model of single-stage herringbone gear trans-
mission system is established, as shown in Fig. 11. The blue
part is the bearing, the red part is the power input, and the
green part is the power output. In order to facilitate the study
of the influence of shafting deformation on the gear system,
the supporting shafts of the driving wheel and the driven
wheel adopt the optical shaft structure, and the driving gear
is a gear shaft with a shaft diameter of 45 mm, the supporting
shaft diameter of the driven gear is 60 mm, and the length
of both shafts is 900 mm. There are four bearings in the two
shafts, and the width of the bearing is 35 mm. Then, the other
degrees of freedom, except the axial rotation, are constrained
at the bearing reference point, the 7000 Nm torque is applied
at the reference point of the torque input section of the ac-
tive shaft, and the fixed constraint is applied at the reference
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Figure 10. The modeling process.

Figure 11. A three-dimensional model of a single-stage herring-
bone gear system.

point of the torque output shaft of the driven shaft. The bear-
ing contact state of the herringbone gear tooth surface, con-
sidering the supporting deformation, is studied based on this
model.

3.1 Influence of the power transmission path

Based on the difference between the power input point and
the power output point in the herringbone gear transmission
system, the power flow direction of the herringbone gear

Figure 12. Schematic diagram of two different power flows. (a) U -
shaped power flow. (b) Z-shaped power flow.

transmission system is defined as follows: the power input
point and the power output point in the herringbone gear
transmission system are located on the same side of the gear,
and it is called the U -shaped power flow direction; in the
herringbone gear transmission system, the power input point
and the power output point are located on both sides of the
gear and are called the Z-shaped power flow direction. Ac-
cording to the above definition of the power flow direction
of herringbone gear transmission, two schematic diagrams of
power flow direction are drawn. As shown in Fig. 12, point A
is the point of power input, point D is the point of power out-
put, and the path of the power transfer is A-B-C-D.

Through the calculation, the tooth surface contact stress
cloud diagram of the herringbone gear system with two dif-
ferent power flow directions is as shown in Fig. 13.

It can be seen from Fig. 13 that the maximum contact
stress of the U -shaped power flow is 1365 MPa, and that of
the Z-shaped power flow is 1307 MPa. The maximum con-
tact stress of the U -shaped power flow is obviously higher
than that of the Z-type power flow.

In order to better study the distribution of contact stress
on tooth surface, the contact stress distribution map of the
herringbone gear system is drawn on the basis of stress cloud
diagram, as shown in Fig. 14.

In Fig. 14, the contact stress at the tooth vertex of the fol-
lower is the largest, followed by the stress at the tooth root,
and there is an obvious stress concentration at the tooth root
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Figure 13. Cloud diagram of tooth meshing contact stress with different power flow directions. (a) U -shaped power flow direction tooth
meshing contact stress cloud. (b) Z-shaped power flow direction tooth meshing contact stress cloud.

and tooth vertex of the follower. The maximum contact stress
of the two different power flows to the left and right tooth sur-
faces is quite different, and the right tooth, which is the tooth
surface close to the power input surface, is larger than the left
tooth surface.

In order to explore the variation law of contact stress value
of different power flow direction in one meshing cycle, this
paper calculates the maximum contact stress of two tooth
surfaces of each power flow direction and the difference in
left and right tooth surfaces. The contact stresses of different
power flow directions on the tooth surface are enumerated,
as shown in Table 2.

In order to study the change in the maximum contact stress
of the gear in one meshing cycle, the difference curves of
the maximum contact stress on the left and right tooth sur-
faces with two different power flows are drawn, as shown in
Fig. 15.

It can be clearly seen from Table 2 and Fig. 15 that there
is a partial load on the tooth surface of the herringbone gear
system with the U -shaped and the Z-shaped power flow, and
the partial load of the U -shaped power flow is more serious
than that of the Z-shaped power flow.
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Figure 14. Contact stress distribution of the herringbone gear system with two different power flows. (a) The left tooth surface of the U -
shaped power flow. (b) The left tooth surface of the Z-shaped power flow. (c) The right tooth surface of the U -shaped power flow. (d) The
right tooth surface of the Z-shaped power flow.

Table 2. Contact stress of left and right tooth surfaces with different power flow directions.

Mesh cycle (T ) U -shaped power flow Z-shaped power flow
maximum contact stress (MPa) maximum contact stress (MPa)

Left Right Difference Left Right Difference

0.2 1390 1788 398 1471 1730 259
0.4 1093 1518 425 1156 1448 292
0.6 1009 1365 356 1087 1307 220
0.8 989.3 1361 371.7 1053 1294 241
1 1007 1275 268 1073 1236 163

3.2 Influence of the shaft stiffness

As an important supporting component of the gear transmis-
sion system, the stiffness change in the gear-bearing shaft has
a great influence on the bearing contact state of the tooth sur-
face of the whole system. In order to study the specific influ-
ence of the stiffness of the supporting shaft segment on the
contact state of the tooth surface, the bearing contact state

of the herringbone gear system with five different stiffness
is calculated by changing the elastic modulus of the shaft
section to change the stiffness of the shaft section. The pa-
rameters of the gear model are shown in Table 1; the power
flow direction is the Z-shaped power flow direction, and the
elastic moduli of five different shaft segments are shown in
Table 3.
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Figure 15. The maximum contact stress difference between the left
and right tooth surfaces of two kinds of power flow.

Table 3. The five different shaft stiffness of a herringbone gear sys-
tem.

Shaft segment Elastic modulus (MPa)
stiffness no.

Driving shaft Driven shaft

(1) 2.1× 104 2.1× 104

(2) 1.05× 105 1.05× 105

(3) 2.1× 105 2.1× 105

(4) 4.2× 105 4.2× 105

(5) 2.1× 106 2.1× 106

In order to clearly see the contact stress distribution on
each contact line, this paper draws the contact stress distri-
bution map of the left and right tooth surfaces with different
shaft stiffness according to the contact stress value.

Through a comprehensive comparison of the contact stress
distribution maps of the tooth surfaces with five different
shaft stiffness, it can be concluded that, with the increase in
the shaft stiffness, the maximum contact stress of the tooth
surface decreases, and the difference between the left and
right tooth surfaces gradually decreases. When the stiffness
of the shaft section is large, the phenomenon of partial load
on the left and right tooth surface disappears. When the stiff-
ness of the shaft section is small, the supporting deforma-
tion of the shaft section is larger, and the stress concentration
mainly appears at the tooth root of the driven wheel.

3.3 Influence of modification parameters

In this section, the influence of different tooth profile modi-
fications on tooth surface bearing contact is calculated in the
finite element analysis software in order to explore the best
modification amount of herringbone gear system.

The gear teeth will have certain elastic deformation due
to the action of the load, including the contact deformation,
bending deformation, shear deformation and tooth root de-
formation. The deformation is related to the load on the gear
teeth and the meshing stiffness of the gear teeth, which can
be approximated by the following Eq. (15):

δa =Wt/cγ . (15)

δa is the elastic deformation of tooth profile (micrometer;
hereafter µm), Wt is the load per tooth width (Newtons per
millimeter; hereafter N/mm), and cγ is the meshing stiffness
per tooth width (Newtons per millimeter micrometer; here-
after N/mm µm).

According to the above equation, the tooth profile de-
formation of the model in this chapter is calculated to be
28.5 µm, which is the theoretical tooth profile modification.

According to the coordinate comparison of tooth surface
before and after modification, the tooth profile modification
curve is drawn. On the basis of the amount of theoretical
practice, two cases which are larger than the amount of theo-
retical modification and smaller than the amount of theoret-
ical modification are calculated respectively, and the curves
of three different tooth profile modifications are shown in the
Fig. 21.

The maximum amount of modification is designed accord-
ing to the calculated tooth profile deformation, and the mod-
ified model is calculated; then, the contact stress cloud dia-
gram of the modified tooth surface is obtained, as shown in
Fig. 22.

It can be seen from Figs. 13 and 22 that the contact stress
distribution of the left and right tooth surfaces after tooth pro-
file modification is still symmetrical, and the maximum con-
tact stress is obviously lower than that without profile modi-
fication.

The different power flow direction will make the partial
load degree of the tooth surface load contact of herringbone
gear system different. Considering this difference, the in-
fluence of different tooth profile modifications on the tooth
surface load contact with the different power flow direction
is studied. According to the calculation results, the contact
stress distribution of tooth surface under the action of differ-
ent modification values of two different power directions are
drawn in Figs. 23 and 24.

As can be seen from Fig. 23, when the maximum amount
of modification is more than 30 % of the theoretical amount
of modification, the stress concentration at the root and top of
the tooth can be completely eliminated, and the contact stress
distribution on the tooth surface is parabolic; when the maxi-
mum amount of modification is less than 35 % of the theoreti-
cal amount, the stress concentration phenomenon still exists,
but the maximum contact stress of the whole tooth surface
decreases, and the contact stress distribution of the tooth sur-
face tends to be rectangular. Comparing Figs. 23 and 24, we
can see that, when the maximum tooth profile modification
is greater than or equal to the theoretical modification, the
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Figure 16. Contact stress distribution of the tooth surface with the stiffness of the no. 1 shaft section. (a) Left tooth surface. (b) Right tooth
surface.

Figure 17. Contact stress distribution of the tooth surface with the stiffness of the no. 2 shaft section. (a) Left tooth surface. (b) Right tooth
surface.

tooth surface contact stress distribution of the two different
power flow directions is the same, but when the maximum
modification amount is less than the theoretical modification
amount, then the tooth surface stress distribution of the U -
type power flow direction is more uniform than that of the
Z-type power flow direction.

Through the research, this paper finds that the stiffness of
different shaft segments has a great influence on the load-
bearing contact state of the tooth surface, so the influence
of different tooth profile modification on the tooth surface
contact state, according to the stiffness of different shaft seg-
ments, will be further analyzed and then determine the ap-
propriate amount of tooth profile modification for different
shaft stiffness. In order to complete the above research, aim-
ing at the stiffness of shaft nos. 2 and 4, which are shown
in Table 3, the tooth surface contact stress distributions cor-
responding to three different tooth profile modifications are
calculated, and the tooth surface contact stress distributions

of different shaft stiffness under different tooth profile modi-
fications are drawn, as shown in Figs. 25 and 26.

It can be seen from Fig. 25 that when the maximum
amount of modification is equal to or less than the theoretical
amount of modification, the stress concentration at the root
and top of the tooth still exists, and the smaller the amount
of modifications, the more obvious the stress concentration
at the root and top of the tooth is; when the amount of modi-
fication is larger, the contact stress of the tooth surface is also
relatively small. In Fig. 26, three different tooth profile mod-
ifications have little effect on the contact stress distribution
of the tooth surface, and the stress concentration of the tooth
root and tooth top disappears.

4 Conclusions

In this paper, based on the study of the contact state of the
herringbone gear pair tooth surface, the herringbone gear
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Figure 18. Contact stress distribution of the tooth surface with the stiffness of the no. 3 shaft section. (a) Left tooth surface. (b) Right tooth
surface.

Figure 19. Contact stress distribution of the tooth surface with the stiffness of the no. 4 shaft section. (a) Left tooth surface. (b) Right tooth
surface.

system model considering the supporting deformation is es-
tablished, and the bearing contact state of the tooth surface is
studied. In view of the gear contact problem found in the re-
search, the herringbone gear is designed, and the maximum
amount of tooth profile modification is determined according
to the deformation of the tooth profile direction. The conclu-
sions of the study are summarized as follows.

Due to the supporting deformation, there is a serious par-
tial load on the left and right tooth surface of the herring-
bone gear, and the contact stress of the tooth surface near the
torque input is obviously larger than that near the free end.
Tooth profile modification can eliminate the stress concen-
tration at the root and top of the tooth, reduce the maximum
contact stress on the tooth surface, and improve the partial
load on the left and right tooth surface of the herringbone
gear system to a certain extent.

The tooth surface load contact of the herringbone gear
system with two kinds of power flow direction has the phe-

nomenon of partial load, but the partial load degree of the U -
type power flow direction is more serious than that of the Z-
type power flow direction. For two kinds of herringbone gear
systems with different power flows, the unified tooth profile
modification can be adopted, but the tooth profile modifica-
tion should be larger than the theoretical modification.

The greater the stiffness of the shaft section is, the more
the load-bearing contact of the tooth surface tends to be non-
axial, and the lighter the partial load of the left and right tooth
surface is, the closer it is to the load-bearing contact state
of the herringbone gear pair. In the future design, when the
stiffness of the shaft section is larger, the amount of tooth
profile modification can be smaller, but when the stiffness of
the shaft section is small, the amount of tooth profile modifi-
cation should be larger.

https://doi.org/10.5194/ms-12-819-2021 Mech. Sci., 12, 819–835, 2021



830 L. Liu et al.: Tooth surface modification of double-helical gears

Figure 20. Contact stress distribution of the tooth surface with the stiffness of the no. 5 shaft section. (a) Left tooth surface. (b) Right tooth
surface.

Figure 21. The three different tooth profile modification curves. (a) Maximum amount of theoretical modification at 28.5 µm. (b) Maximum
amount of modification at 37 µm. (c) Maximum amount of modification at 18.5 µm.
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Figure 22. Contact stress cloud diagram of the modified tooth surface.

Figure 23. Contact stress distribution of the right tooth surface with three different modification values of the Z-shaped power flow. (a)
Maximum amount of modification at 37 µm. (b) Maximum amount of modification at 28.5 µm. (c) Maximum amount of modification at
18.5 µm.
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Figure 24. Contact stress distribution of the right tooth surface with three different modification values of the U -shaped power flow. (a)
Maximum amount of modification at 37 µm. (b) Maximum amount of modification at 28.5 µm. (c) maximum amount of modification at
18.5 µm.

Figure 25. Contact stress distribution of the right tooth surface with the three different modifications of the no. 2 shaft section stiffness.
(a) Maximum amount of modification at 37 µm. (b) Maximum amount of modification at 28.5 µm. (c) Maximum amount of modification at
18.5 µm.
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Figure 26. Contact stress distribution of the right tooth surface with the three different modification of the no. 4 shaft section stiffness. (a)
Maximum amount of modification at 37 µm. (b) Maximum amount of modification at 28.5 µm. (c) Maximum amount of modification at
18.5 µm.
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