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Abstract

The paper describes the dynamic characteristic and fatigue life of the gear
meshing. Use the ANSYS to deal with the problem of motion errors which are
the result of the wear and the curve caused by the rough surface of the gear
generated by the low machining accuracy in the process. And through the
analysis, the value and the changing trend of the equivalent stress, fatigue life,
and fatigue sensitivity with different friction coefficients can be known. Then
it provides an important theoretical basis to strengthen the strength and sta-
bility, reduce the deformation of the gear, and improve fatigue life.
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1. Introduction

Gear transmission is the most widely applied transmissions among the mechan-
ical transmissions. It has a strict transmission ratio and transfers smoothly. Be-
cause the transmission ratio can be kept constant, the gear transmission is wide-
ly applied in many kinds of gearboxes, heavy equipment, and other areas [1].
The common methods of gear processing can be divided into copying and
generating by the theory. The gear processed by copying has low accuracy and
the accuracy is always below 11 degree. Because the generating bases on the
theory of gear meshing, the accuracy is higher. During the transmission process
of gears with varieties accuracy, the different friction coefficient between the

faces of gears has a direct effect on the gears’ life. So, during the transmission,
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the face of gear often becomes invalid. Lightly there are gear wearing and gear
pitting, and worse there are gear bonding even tooth fracture. These failures all
affect the transmission ratio and the stability of the gear transmission system so
that the life of the mechanical system decreases.

Scholars at home and abroad have conducted in-depth research on this issue
and have achieved fruitful results. Chaari ef al used the Weber method material
mechanics to analyze the effect of tooth surface flaking on the meshing stiffness
by the gear deformation and hertz contact deformation [2]. Ma et al, based on
Chaari’s research, studied the influence of the tooth surface flaking on the gear
vibration characteristic signal [3]. But above research, from the machining qual-
ity and accuracy, has not analyzed the effect of the gear wearing produced dur-
ing the gear meshing on single gear stress and fatigue life. Some scholars have
established many dynamic characteristic mathematical models of the gear mesh-
ing [4] [5]. But most of them neglected the effect of the friction between the gear
faces on the gear transmission. Although others considered the gear faces fric-
tion, these models assigned the friction on the gear faces averagely and the stress
change trend of the gear meshing does not obtain [6].

To solve these problems, in this paper, a pair of ordinary straight tooth cylin-
drical involute gears have been taken as research object. The 3-D geometry
model was established by UG, and the ANSYS was used to analyze the transient
contact dynamic characteristics. The deformation, stress change, and fatigue
change have been obtained from the analysis. During the process of the gear
meshing transmission, it provides a common conclusion and solution for the

great force of the gear tooth, serves deformation and fatigue failure.

2. Theory Analysis

2.1. Transient Dynamics Analysis

Transient dynamics analysis is used to determine the dynamic response of the
time-varying load structure. The transient dynamics analysis can determine the
time-varying displacement, strain, stress, and force response of the structure
under the random combination of the steady load, transient load, and simple
harmonic load.

The motion equation of transient dynamics analysis:
[MI{u}+[CHap+[K{u} = {F (1)} M

The load {F (t)} is the function of time. [M] is the mass matrix. [C] is
the damping matrix. [K] is the stiffness matrix. {u} is the displacement ma-

trix.

2.2. Contact Analysis

Based on the linear static structure analysis, the driving wheel and the driven
wheel are set as elastic bodies A and B respectively. When the A and B contacts,

there will be innumerable contact points and they can make respective dis-
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placement {U A} and {U B} under the external load {PA} and {PB} . Ac-
cording to the basic theory of Finite Element, the balanced equation can be ob-

[K*Jun) ={P*)+{R"} @

[k Jueh={Pe+{r%} 3

[KA] and [KBJ are the stiffness matrixes of A and B; {U A} and {U B}

are the nodes displacement vectors; {PA} and {PB} are the external load of A
and B; {RA} and {RB} are the contact force vectors of A and B.

According to the analysis of the balanced equations, once the characteristics of

materials and external load have been determined, the [KAJ , [KBJ , {PA}

and {PB} also have been determined. But there are still four unknown para-

tained:

meters that cannot be solved by two equations. So the elastic body contact nature
should be added, and different natures correspond to different displacement and
supplementary equations of contact force relationship. Last the balanced equa-
tions are solved.

For the process of solving equations with ANSYS, the stiffness matrixes [K]
and external load {P} are taken into the balanced equations, and according to
the hypothesis of contact nature, the contact displacement {U} and contact
force { R} are solved. Then the obtained {U} and {R} are compared with
the hypothesis contact nature. If they are not the same, other hypotheses will be
needed and the results will be calculated again until the results are the same with
the hypothesis [7].

3. Simulation Analysis

3.1. Geometry Model Establishment

In this paper, all the gears are a pair of standard mounting external meshing and
standard spur gears. The main parameters are 7, =22, Z,=33, a=20",
h.=a, m=25mm, C =025, b=20mm. Among these gears, Z, was the
driving wheel and Z, was driven wheel.

The CG toolbox in UG was used to set gear meshing. In order to reduce the
difficulty of mesh dividing and the requirements for computer hardware and in-
crease the speed of calculation, under the condition of guaranteeing the accura-
cy, the keyways and chamfers on gears were omitted. The three-D model is

shown in Figure 1.

3.2. Finite Element Model Establishment

The established gear engagement model was imported into ANSYS. The material
was defined as structure steel. Considering the real working condition of gears,
the type of contact of the contact gear surface was set as Frictional, and the fric-
tion coefficient was initialized as 0.01. Among this, the Contac was set as a driv-
ing wheel and Target was set as a driven wheel [8], shown as Figure 2. In order

to guarantee the accuracy and correctness of the results, in the mesh dividing,
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b

Figure 1. Gear meshing 3D model.

Figure 2. Gear set contacts.

the 3D tetrahedral mesh intelligent division was used. So there were 23,519 notes
and 4065 elements, shown as Figure 3. According to the working condition, 10
N-m constant drag torque was added on the driven wheel and 60 r/s constant

speed was added on the driving wheel, shown as Figure 4.

4. Results and Discussion
4.1. Results of Transient Contact Dynamics Analysis

According to the calculation of the finite element model, the calculation results
were imported into the postprocessor and the equivalent stress distribution
cloud diagram during gear meshing with the friction coefficient 0.01 was ob-
tained, shown as Figure 5.

Changing the friction coefficient in the contact set to simulate the gear mesh-
ing in different processing accuracy, the equivalent stress distribution cloud dia-
gram during gear meshing with the friction coefficient 0.05, 0.1, 0.15, and 0.2
could be obtained, shown in Figure 6.

From Figure 6, when the friction coefficient keeps static, the maximum stress
is shown in the root of the driving wheel during the gear meshing.

With the increasing of the friction coefficient, it means that the processing

accuracy of the gear surface gets decreased, the surface gets roughness and the
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Figure 3. Meshing dividing.
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Figure 4. Setting up revolving speed and resisting moment.
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Figure 5. The cloud diagram of equivalent stress with the friction coefficient 0.01.

wear of gear gets increased. So the equivalent stress in the area of gear meshing
increases obviously and the minimum equivalent stress in the external area of
the gear engagement decreases.

The reason is the increase of the friction coefficient, and it causes the friction
drag increased during the relative motion of the gear faces. It makes the gear

faces in the gear meshing area sustains more load.
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33495 Min

(d)

Figure 6. The cloud diagram of equivalent stress with the different friction coefficient.
(a) Friction coefficient 0.05, (b) Friction coefficient 0.1, (¢) Friction coefficient 0.15, (d)
Friction coefficient 0.2.
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4.2. Fatigue Life Analysis

The calculation results were imported into the Fatigue Tool. In addition, the
type of fatigue load was set as Zero-Based and the fatigue stress factor was also
set as 0.8, shown as Figure 7. Although the dynamic stress component is the fun-
damental reason for fatigue failure, the static stress component, average stress,
also has some effect on the fatigue limit. Within a certain static stress range, the
compression static stress can increase the fatigue limitation and the tensile static
stress can decrease the fatigue limit. Because the load is a Zero-Based cyclic load
and its average stress is not zero, the Goodman Average Stress theory can be
used.

After post-processing, the fatigue life and sensitivity with friction coefficient
0.01, 0.05, 0.1, 0.15, and 0.2 were obtained, shown as Figure 8.

When the friction coefficient keeps static, from the fatigue life cloud diagram,
the tooth root got fatigue failure first. With the increase of friction coefficient,
the minimum fatigue life was getting shorter. So it meant that the processing
accuracy gets lower, the gear gets fatigue invalid more easily.

In the curve of fatigue sensitivity, the abscissa represents the number of cycles.
The whole graph represents, under a certain number of cycles, the maximum fa-
tigue stress which can be sustained by the components with the alternating
loads. When the friction coefficient gets higher and the cycle number of alter-
nating loads keeps static, the maximum fatigue stress sustained by the gear de-
creases.

During the process of the gear meshing, the relative sliding speed at the nodal
line during the driving and driven wheels are opposite, which means that the
sliding speed at the nodal line is zero. At this time, the friction coefficient at the
nodal line is the static friction coefficient. But the static friction coefficient is
higher than the dynamic friction coefficient. According to the surface friction
equation, when the friction coefficient is higher, and it causes the friction is
higher. So the possibility of fatigue failure is higher [9]:

F=f-N (4)

Constant Amplitude Load
Zero-Based

1.5
1.2

0.8 A £\ 7 / Y u"( Y / j Y ,‘/ \

/ \ / \ /J / \ / ‘u,.\ / \ / \
s S A R
N \/ \4 N/ \/ VY, \

-0.4
-0.8
-1.2

-1.5

Figure 7. Zero-based load.
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Figure 8. The cloud diagram of fatigue life and fatigue sensitivity with the different friction coefficient. (a) The cloud diagram of
fatigue life and fatigue sensitivity with the friction coefficient 0.01. (b) The cloud diagram of fatigue life and fatigue sensitivity with
the friction coefficient 0.05. (c) The cloud diagram of fatigue life and fatigue sensitivity with the friction coefficient 0.1. (d) The
cloud diagram of fatigue life and fatigue sensitivity with the friction coefficient 0.15. (e) The cloud diagram of fatigue life and fati-
gue sensitivity with the friction coefficient 0.2.

Within the increasing of the friction coefficient, the change limitation of the
load is getting lower. It means that, under the condition of the critical fatigue
life, a higher friction coefficient causes lower processing accuracy. Then it causes
the load range sustained by the components to get smaller, so, under the condi-

tion of a long time running, fatigue failure happens more easily.

5. Conclusions

According to the transient contact dynamic analysis of the gear meshing, the
stress distribution, change the trend, and the range of fatigue failure has been
obtained. The conclusions are shown as follow:

According to the transient contact dynamic analysis, the position of the maxi-
mum stress during the gear meshing has been obtained; changing the friction
coefficient of the contact area to simulate the different processing accuracy, the
trend of equivalent stress change of the gear meshing has also been obtained.

After the analysis of the gear meshing fatigue life, the area, under the different
friction coefficient during the gear meshing, where the fatigue failure happens
more easily has been obtained. And the limit value of the load change under the
critical fatigue condition has been obtained.

This can provide a theoretical basis for the analysis of the strength analysis, fa-

tigue life prediction, and the adjustment of the processing plans.
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