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Abstract: The turning device is the core equipment to ensure the normal operation and disassembly and
maintenance of the compressor. Its transmission gear has been subjected to the instantaneous impact of the motor
and the alternating load in power transmission for a long time, and the failure of the gear is inevitable. By
combining theoretical calculation and numerical simulation, failure mechanism analysis of transmission gear of
turning gear was carried out, and a new type of turning gear was designed and its transmission gear structure
was optimized. The results showed that the theoretical calculation of transmission gear structure met the strength
requirements. The maximum equivalent stress on the tooth surface is 606.54MPa, close to the allowable contact
stress of the material 680MPa, and the safety factor is low, so the optimal design direction of the structure is
determined. After orthogonal design, the fatigue stress of tooth root bending and contact fatigue stress of tooth
surface are reduced by 31% and 36.6% respectively. The results show that the first-order natural frequency of
743.51Hz is much higher than the meshing frequency of the transmission gear 579Hz, and the resonance will not
occur, which improves the reliability of the turning gear.
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l. Introduction

In recent years, the total consumption of natural gas in China has been increasing, and the dependence
on foreign countries has reached 42.3%, resulting in the import volume of natural gas increasing year by year. The
clean energy represented by shale gas is an important replacement performance source for optimizing the energy
structure and energy conservation and emission reduction in China. Vigorously developing shale gas is an
important means to solve the energy security in China. Shale gas compressor, as the core equipment of shale gas
supercharging export, needs to be turned before and after stopping the machine. The existing turning devices
mainly include manual turning and electric turning. Among them, manual turning has limitations such as time and
effort, high degree of danger, difficulty in control, and dependence on operating experience. Electric turning car
can not be used for high explosion-proof requirements, small working space and other occasions, and high cost,
complex operation. The transmission gear of the turning gear device is subjected to complex and varied load
conditions, and the working environment is harsh, which is prone to broken teeth, pitting, wear and other faults.
At the same time, the reduction box is affected by the vibration frequency of the parts in the box, resulting in
deformation of the box, which adversely affects the operation and installation of the internal gear transmission
system. Therefore, it is necessary to carry out the structural design of compressor turning gear, the mechanical
analysis of turning gear and the modal analysis of turning gear box.

At present, domestic and foreign scholars have done related research on the structure of compressor
turning unit. In 2008, Wang Leqin et al. ¥ summarized the design methods and steps of the conventional turning
device by taking the design of the reducer turning device as an example. In 2010, Xie Libin [ et al. changed the
turning device of compressor unit from manual to electric, which met the need for continuous turning during
turbine start-up and shutdown, reduced the labor intensity of employees, and facilitated the maintenance of the
unit. In 2019, Fu Guohong ! et al. installed electrical equipment on the turning device, but made its operation
simple, convenient and reliable, precise stopping point and high degree of automation. In 2019, Wang Jing
designed a high-speed and high-torque radial meshing gear type turning gear to solve the problem of large starting
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torque and high speed of turning gear, aiming at the need for a turning gear device to drive the feed water pump
to a certain speed before the water pump small steam turbine starts to turn. In 2019, Liang Zhiwei ! optimized
the control loop of the original turning device in view of the situation that the turning device trip for no reason
occurred many times during the generator shutdown and turning up. After optimization, the control system was
easy to operate and the control loop was more scientific. In 2021, Sun Chao ©! et al. designed a new type of
centrifugal compressor turning structure and corresponding turning tools, which can realize convenient and
reusable centrifugal compressor turning alone. In 2021, Gao Chao [ et al., aiming at the internal heating of the
turning device, accelerate the air flow by increasing the wind path inside the device, so as to achieve the purpose
of reducing the temperature rise. In 2023, Zhou Qin et al.  carried out a ratchet pawl meshing force analysis on
the ratchet pawl type hydraulic turning device of steam turbine unit, and found that the maximum ratchet pawl
stress near the meshing turning point reached 367MPa and 372MPa respectively, 2.6 times and 1.5 times of the
optimal meshing state.

As a transmission part in the gear turning device, due to the complex and variable load conditions, the
failure is more and more common, mainly tooth surface fatigue failure and tooth root bending failure, domestic
and foreign scholars have carried out relevant research on this. In 2012, Ren Xingli et al. [ simulated and analyzed
the contact stress distribution of the tooth surface, and discussed the influence of the curvature of the tooth surface
and the influence of the induced curvature of the tooth surface on the contact stress. In 2015, Putti Srinivasa Rao
etal. !9 selected 3 different materials and combined 9 schemes for two-foot mesh, and compared the finite element
analysis results with the theoretical values of Hertzian equation. In 2019, Hanoca % et al. studied the influence
of different materials and modules on the contact stress and fatigue life of spur gears based on the finite element
analysis method. In 2020, Yang Zhuxi et al. [*21 proposed a contact stress calculation method for non-orthogonal
modified helical gear based on the surface meshing transmission principle and Hertz contact theory, and obtained
the contact stress through finite element analysis, and the error between the calculation method and the result was
only 5.23%. In 2021, Liu Hui et al. 3 established the finite element model of spiral bevel gear, carried out the
calculation and study of the contact stress of spiral bevel gear tooth surface containing friction, and analyzed the
contact stress of gear based on different friction coefficients. In 2021, Lin Zhiji [*4! carried out static analysis of
cylindrical and gear contact based on the finite element analysis method, and compared it with the Hertzian contact
theoretical value and the contact stress results of the tooth surface respectively to obtain the error and accuracy of
the analysis results. In 2020, Subhash Chavadaki et al. ! used two kinds of alloy materials to analyze the bending
stress and deformation at different tooth root fillet radii in view of the bending fatigue failure at the tooth root. In
2022, Xue Yutong et al. [*81 proposed a gear bending strength analysis algorithm based on the equal geometry
method to carry out the bending strength analysis of planar gears, and compared it with the traditional gear bending
stress analytical solution and the maximum bending stress at the tooth root calculated by the finite element
software ANSYS. In 2023, He Zhongshi 11 et al. used simulation analysis calculation method, fourth strength
theory calculation and tooth root bending fatigue theory calculation to calculate the tooth root equivalent stress of
a pair of gear pairs and made a comparison.

To sum up, at present, domestic and foreign scholars mainly carry out structural design and fault analysis
for the turning gear, while there are few reports on the mechanical analysis of key components of the turning gear,
which is exactly the key to improve the safety and operational stability of the turning gear structure. This paper
carries out structural design for the shuffling device of shale gas compressor, provides an automatic shuffling
device, uses numerical simulation method to carry out mechanical analysis of the transmission gear of the
shuffling device, and carries out modal analysis around the shuffling device, so as to provide guarantee for the
safe, efficient and stable operation of the compressor unit.

1. Structure design of turning gear and safety analysis of transmission gear

In the process of starting and stopping of the compressor unit or during equipment maintenance, the
turning gear needs to rotate forward and backward and change the speed to ensure the safe operation of the
compressor unit. Under this working condition, the driving gear of the turning gear unit is under complex working
condition and variable load, which can bear the instantaneous meshing force of the gear teeth for a long time.
After the structural design of the turning gear unit, the safety analysis of its driving gear is conducted. The
theoretical fatigue calculation of the transmission gear of the turning gear is carried out to provide a theoretical
basis for the dynamic analysis of the key components of the turning gear.

2.1 Analysis of structure composition and working principle of turning device

The compressor turning device adopts horizontal arrangement, which can realize manual and automatic turning
modes. It is mainly composed of reducer motor, transmission gear, worm gear reducer, box, bracket, roof, turning
gear and spindle, and its overall structure is shown in Figure 1.
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Fig.1 Overall structure diagram of shale gas compressor turning device

Compressor turning is divided into automatic and manual turning modes. In the automatic turning mode,
the motor of the reducer is started, and the power is transmitted to the transmission gear. The outer meshing of the
transmission gear transmits the power to the worm gear reducer. The worm wheel and the drive shaft rotate coaxial
and then transmit the power to the turning gear, and drive the compressor flywheel to realize the turning gear in
the form of meshing, so as to achieve the speed required by the turning gear. In the manual turning mode, the
manual turning wheel transfers the power directly to the turning gear through the main shaft, and then drives the
compressor flywheel to rotate and realize the manual turning. In the process of turning, the turning gear and the
motor are directly connected to transmit large torque and high power, and frequently turn forward and backward,
and the driving system of the turning gear device bears complex and changeable loads for a long time.

2.2 Check analysis of fatigue and stress of transmission gear of turning gear

2.2.1 Failure mode analysis of transmission gear of turning gear

The transmission gear is directly connected to the motor shaft, subject to the transient impact of the motor and the
alternating load in the power transmission, the failure risk of the gear teeth is large, and the common failure forms
of the turning gear mainly include fatigue pitting and tooth root breaking. In the long-term use of gear teeth, due
to excessive wear, beyond the cyclic stress that the gear can withstand, in the process of power transmission, the
gear teeth produce repeated bending stress, resulting in fatigue cracks on the rounded surface of the root of the
tooth, and expand on the rounded surface of the root of the tooth, this repeated cyclic load causes the gear teeth
to suffer bending fatigue damage. Pitting corrosion is a surface fatigue failure phenomenon of gear tooth surface
cracks, because the tooth surface is subjected to alternating stress, and the contact stress exceeds the limit that the
tooth surface can withstand. By optimizing the geometry of the gear, the load can be reduced and the contact stress
can be reduced, thereby reducing the risk of fatigue failure.

Fig.2 Gear failure form

2.2.2 Theoretical analysis of bending fatigue of transmission gear

In order to improve the fatigue failure of transmission gears, a fatigue calculation model was established for safety
analysis based on the bending fatigue theory of gears. The meshing diagram of transmission gears is shown in
Figure 3, and the external meshing of two gears drives parallel motor torque. The selection of materials and related
parameters is shown in Table 1.
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Transmission gear meshing diagram Drive gear check position

Fig.3 Transmission gear meshing position diagram

Table 1 Related parameters of transmission gear

Materia Root Number of Modul Pressure Tooth
| radius/(mm) teeth e Angle/(°) width/(mm)
20Cr 0.2 25 2 20 20

The allowable fatigue stress is obtained by taking the bending fatigue limit [ozz] as 850mpa, and the safety
factor S as 1.25.

[ I_ 1
lor1] = [oF2] = _0;-"51 = —a:EZ = 680Mpa(l)
F F

When the traditional method is used to calculate the bending strength of the gear, considering the installation and
processing errors, it is assumed that it is safer for the gear with general accuracy requirements to assume that all
the load acts on a pair of gear teeth. In the calculation, the gear teeth are simplified into a diagonal line with a 30°
Angle from the symmetrical center line of the gear teeth and a tangent to the rounded corner of the tooth root, as
shown in Figure. 4. It is considered that the line between the two tangent points is the position of the dangerous
section, and the tooth thickness of the dangerous section is sz. The Angle between the normal force F, and the
vertical line of the center line of the gear tooth is aj, the normal force F, can be decomposed into F; and F,,
the bending stress of the tooth root is generated by F;, and the component force F, downward of the vertical
gear tooth can be ignored. Therefore, the bending stress o of the dangerous section of the tooth root is:

O]

In the formula: K is the load coefficient; /iF is the bending lever.

By introducing the tooth shape coefficient Yz, and stress correction coefficient Ys,, the bending stress o can
be simplified as:

V3
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Fig. 4 Dangerous section of tooth root

Select a 5.5Kw turning motor with a speed of 960r/min to determine the motor torque:
T, = 2% = 54710N - mm @)

ni
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For the torque on the worm shaft, it is driven by two gears of the same size, thatis, T, = T; = 54710N - mm,
which can be obtained or = 341.87Mpa < [0r] = 680Mpa according to formula (3). The calculated results
show that the bending fatigue strength of the tooth root meets the requirements, providing a theoretical basis for
comparison with the equivalent stress calculated by subsequent simulation analysis.

1. Mechanical response analysis of transmission gear of turning gear
In order to reveal the dynamics law of turning gear during meshing, numerical simulation method was used to
analyze the dynamic characteristics of turning gear, orthogonal experiment method was used to analyze and
optimize the transmission gear structure considering the influence law of different root fillet radius and different
materials on the maximum stress of gear, and the best design scheme was selected.
3.1 Transmission gear dynamics analysis
3.1.1 Boundary conditions and material property Settings
The material of the transmission gear is preliminarily selected as 20Cr, and the specific properties of the material
are shown in Table 2.

Table 2 Specific properties of materials

Density/ Young's Poisson's ratio Bulk Shear
(kg/m®) modulus/(Pa) modulus/(Pa) modulus/(Pa)
7850 2E+11 0.3 1.6667+E11 7.6923+E10

The transmission gear is set with 1/4 symmetry, and the characteristics of gear keyway, wheel hub and chamfering
are ignored, and the applied torque becomes 13678N - mm. The grid division process is shown in Figure 5. The
total number of grid units is 230143 and the total number of grid nodes is 332342. A rotating pair to the ground is
set for the transmission gear, and the named selection surface is set as a contact pair. A frictional contact with
friction coefficient of 0.15 is set, the active rotation is 3°, and 13678N - mm hindrance torque is applied to the
driven wheel. The rotation direction is the same as the direction of torque application.

3.1.2 Stress response law analysis

The stress distribution and stress peak response law of the transmission gear of the existing turning gear are
analyzed. The stress distribution is shown in Figure 6, and the maximum equivalent stress changes with time are
shown in Figure 7.

[Rost on the conpres:

Fig.6 Stress distribution diagram of transmission gear
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Fig.7 Maximum equivalent stress time-varying diagram of transmission gear

(1) Analysis of the overall stress distribution

The stress distribution of the transmission gear is mainly concentrated on the tooth surface and the rounded corner
of the tooth root. Gear tooth surface is the main part of load transfer, and the contact stress is concentrated in the
transmission gear tooth surface. The contact stress is caused by the pressure between gear tooth surfaces, and the
size depends on the torque, gear geometry, gear material and other factors. When the transmission gear transmits
the output torque of the motor, the root of the gear will be subjected to bending stress, resulting in a large stress
concentration at the transition corner of the root of the gear, in addition, the root of the gear will also be affected
by sliding shear stress between the tooth surfaces. In this paper, the stress influence law is analyzed by considering
the transmission gear material and the tooth root transition fillet radius.

(2) Analysis of stress peak response law

When the turning device starts to work, the contact stress of the transmission gear surface reaches a peak value of
575.86Mpa at 0.22719 seconds after the gear teeth enter the mesh, and the maximum equivalent stress is
606.54MPa at 1 second when the gear teeth come out. This contact belongs to line contact and a large stress
concentration appears.

The maximum equivalent stress at the root of the driving wheel is 390.27Mpa and appears at 1 second. The
maximum equivalent stress value appears at the transition rounded corner of the pressure side of the driving wheel,
the maximum equivalent stress on the tension side of the tooth root is 354.25Mpa, and the maximum equivalent
stress at the root of the driving wheel is 337.33Mpa and appears at the transition rounded corner of the pressure
side of the driving wheel. At this time, the instantaneous impact of the gear just entering meshing is large, and the
maximum equivalent stress on the tensile side of the tooth root is 312.8Mpa.

The tooth surface contact fatigue stress is significantly higher than the bending fatigue stress at the root of the
drive gear, the bending fatigue stress at the root of the drive gear is greater than that of the driven gear, and the
compression side of the tooth root is significantly greater than the tension side of the tooth root, and the maximum
bending stress at the rounded radius of the tooth root of the drive gear is 390.27Mpa less than the allowable stress
of 680Mpa, slightly exceeding the theoretical value of 341.87Mpa.

The transmission gear of the turning gear basically meets the design requirements of the gear, but the safety factor
is only 0.59 at the radius of the tooth root on the pressure side of the driving wheel, which is low, and there is still
the risk of tooth root bending fatigue.

3.2 Transmission gear optimization scheme design

In order to reveal the influence of two factors on the safety performance of the gear structure, orthogonal
experiments were carried out for two different materials, 20Cr and aluminum alloy, and the rounded radius of the
tooth root was 0.2mm, 0.4mm and 0.6mm, respectively. The design of the test conditions was shown in Table 3.

Table 3 Simulation design of test conditions

Working condition Root transition fillet Gear material
radius/(mm)

1 (Master model) 0.2 20Cr
2 0.4 20Cr
3 0.6 20Cr
4 0.2 2024 aluminum alloy
5 0.4 2024 aluminum alloy
6 0.6 2024 aluminum alloy
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(1) Comparative analysis of tooth root bending fatigue stress

As shown in Figure 8, the maximum bending stress of tooth root in all six working conditions occurs at the tooth
root on the compression side of the driving wheel, and material change has little influence on the bending stress
of tooth root. With the increase of tooth root rounded radius, the bending fatigue stress of tooth root decreases and
the bending fatigue strength of tooth root increases. The maximum stress is 269Mpa, which is 31% lower than the
original model's 390Mpa, which is far less than the allowable stress of tooth root bending fatigue 680Mpa, and
the optimization of tooth root bending fatigue is more reasonable.

g T T T T
£ 00 0.2 0.4 0.6 0.8 (]
time/s

Fig.8 Influence of different root rounded radius on bending fatigue strength of tooth root

(2) Comparative analysis of tooth surface contact fatigue stress

The influence of different materials on tooth contact fatigue strength is shown in Fig. 9, when the material is
structural steel, as shown in Figure. 9 (a), the original model of the tooth contact stress value is the largest, when
the gear teeth into the mesh after 0.22719 seconds to reach a peak value of 659.39Mpa, when the gear material
selected for the aluminum alloy, as shown in Figure. 9 (b), the maximum tooth contact stress occurs in the working
condition five, when the gear teeth into the mesh after 0.32712 seconds to reach the peak value of 418.68Mpa,
36.6% lower than the original model, less than the aluminum alloy permissible contact fatigue stress, the
optimization of the wheel gear performance significantly improved.

T -

{a) by

Fig.9 Influence of different materials on tooth surface contact fatigue strength

(3) Comprehensive comparative analysis of two factors

The maximum equivalent stress under six working conditions is shown in Figure 10. According to the analysis of
Figure. 10, the maximum equivalent stress of working condition 6 is 353.85Mpa, which is 41.66% lower than the
maximum equivalent stress of 606.54Mpa of the original model, and the bending fatigue strength of the tooth root
and the contact fatigue strength of the tooth surface in working condition 6 meet the requirements. When the
material is the same, the maximum equivalent stress decreases with the increase of the radius of the tooth root
transition. When the radius of tooth root transition is equal, the maximum equivalent stress decreases with the
increase of elastic modulus.
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Fig.10 Results of orthogonal analysis

After optimizing the radius of tooth root and improving the selection of materials, the optimized maximum
equivalent stress of the gear is reduced by 41.66%, the stress concentration of the gear is reduced, the fatigue
damage of the gear is reduced, and the fracture risk of the gear teeth is reduced.

Iv. Modal analysis of the box of the turning device
When the turning device is working continuously, the transmission gear is stimulated by the motor and inevitably
vibrates, and is driven to the box through the shaft, which is easy to cause the box vibration, and then induce the
vibration of the compressor unit, which has an adverse effect on the operation of the compressor unit. Based on
the modal analysis theory, the modal analysis of the box is carried out to master its natural frequency, modal
vibration and deformation, predict the vibration trend of the box, and determine whether the box resonates, so as
to ensure the safety of the operation of the turning device.

4.1 Box vibration excitation analysis

The working principle diagram of the reducer box of the turning device is shown in Figure 11. The reducer motor
drives an externally engaged transmission gear to transfer torque to the worm, and finally the power is staggered
to the worm gear. Through analysis, the vibration source may come from the instability of the base, loose bolts,
motor vibration, improper operation, etc., but the vibration excitation of the box mainly comes from the external
meshing of the transmission gear driven by the motor, such vibration excitation is caused by the instantaneous
impact and generally inevitable, the motor uses 0.55kw reducer motor. Its speed n1=1390r/min is the maximum
input speed, and the known number of gear 1 teeth z1=25, then the transmission gear meshing frequency is:

f=00_12% _ 579y, (5)

60 60

Worm gear

Drive gear —
5 - Worm

Fig.11 Working principle of the box of the turning device

4.2 Theoretical basis of modal analysis
In the calculation of the reducer box of the turning device, the natural frequency and mode mode of the box are
its inherent characteristics, related to the mass distribution and stiffness distribution of the structure, the analysis
of the relationship between the natural frequency and mode mode of the box is helpful to improve the box structure,
so that the differential equation of the vibration of the reducer box can be established to describe its dynamic
behavior.

[K1{x} + [BI{x} + [M]{x} = {F} (6)
In the formula: [K], [B] and [M] are stiffness matrix, damping matrix and mass matrix; {x}, {x}, {} and {F} are
displacement vector, velocity vector, acceleration vector and external exciting force vector.
The modal analysis of the box is essentially to analyze the vibration characteristics of the structure itself, so the
influence of the box damping and external excitation is not considered here, that is, the external excitation force
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vector and damping are zero vectors, and it is simplified into an undamped vibration system. The vibration
differential equation is as follows:

[K]{x} + [M]{x} =0 (@)
Suppose that the structure vibrates at a certain order natural frequency, and the form of the solution is:
{x} = {p}sin(wt + ¢) ®)

In the formula: w is natural frequency of the free mode of the box; ¢ is stands for the modal mode vector
corresponding to the natural frequency.
Substituting equation (8) into equation (7), we get:
{p}(K] - w?*[M]) =0 9)
In a physical sense, there is no point where {(p} is zero, for modal analysis, each node of the box can not remain

stationary, so the equation required to solve must meet:

det([K] — w?[M]) =0 (10)
Solving the natural frequency and corresponding mode of the box has been converted into solving the eigenvalue
problem of the structure, but for the complex differential equation (10), it is difficult to directly obtain the
analytical solution, and it needs to be solved by numerical method, among which the finite element method is a
commonly used numerical calculation method.

4.3 Establishment of finite element model of box

The box model material is selected gray cast iron HT200 with relatively low price, good wear resistance and good
thermal conductivity. The material properties of gray cast iron are as follows: Poisson ratio is 0.27, Young's
modulus is 130Mpa, density is 7200. The mesh element size is set to 5mm, and 252261 nodes and 160212 units
are obtained. The finite element model of the partited box is shown in Figure 12. The bottom surface of the box
is connected to the ground bolts through the bolt holes around the box, and the bottom surface is approximately
fixed constraint to realize the complete positioning of the box.

}Fixcd support

Fig.12 Boundary conditions and finite element mesh division model

The vibration mode corresponding to the low order natural frequency involves a wide range of vibration of the
structure. This paper mainly analyzes the first six order natural frequency and mode mode of the box. The first six
natural frequencies are shown in Table 4, and the modal shapes corresponding to the natural frequencies are shown
in Figure 13.

Table 4 Description of the first six natural frequencies and vibration modes of the box

Maximum Natural .
Rank displacement/(mm) frequency/(Hz) Mode description
Rank 1 16.601 743,51 The front end of the bo_x vibrates
along the X axis
Rank 2 19.693 1201.8 The rear end of the box wbrates
torsional along the Y axis
Rank 3 14.331 1435.9 The fr(_)nt and rear ends of t_he box
vibrate along the Z axis
Rank 4 93482 1536.3 The middle end of the bpx vibrates
along the Y axis
Rank 5 17975 18535 The front an_d rear ends of the b(_)x
vibrate torsional along the Y axis
Rank 6 29.949 9992 3 The middle end of the box vibrates

along the Y axis
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Fig.13 First six vibration modes of the box

The comparison of modal natural frequency and gear meshing frequency of the reducer box is shown in Figure
14. The natural frequency of each order of the box structure is less than the exciting frequency, which will not
cause the resonance phenomenon of the reducer box.

Excitation frequency 579Hz

Natural frequency order
Fig. 14 Comparison between the natural frequency of the box and the meshing exciting frequency of the
gear

Through the analysis of the dynamic characteristics of the transmission gear, it is shown that the
transmission gear of the turning gear basically meets the safety requirements, and the meshing frequency of the
transmission gear is far less than the first-order natural frequency of the box, and the box will not resonate, so the
overall structure of the turning gear is safe and the turning work can be smoothly carried out.

V. Conclusion
(1) The turning gear designed in this paper is composed of the motor of the reducer, the transmission gear, the
worm gear reducer, the box, the support, the roof, the turning gear and the main shaft, and has two working modes:
manual and automatic. The results show that the maximum equivalent stress at the tooth surface is 606.54MPa,
which is close to the allowable contact stress of the material 680MPa, and the safety factor is low, so the optimal
design direction of the structure is determined.
(2) The orthogonal experimental design method was used to carry out the optimization analysis under the
combination of two factors of gear material and gear transition fillet. The results showed that the optimal scheme
was to determine that the tooth root transition fillet radius was 0.6mm and the material was aluminum alloy. Under
this scheme, the failure resistance was good and the strength was reliable, and the maximum bending fatigue stress
of the tooth root was 269Mpa. Compared with the original model 390Mpa, the peak contact fatigue stress of tooth
surface is 418.68Mpa, which is 36.6% lower than the original model 659.39Mpa.
(3) The vibration characteristics of the turning gear box are analyzed, and the first six natural frequencies and
modal shapes of the box are analyzed. The results show that the natural frequency increases with the increase of
the order. The first natural frequency is 743.51Hz, which is much higher than the meshing frequency of the
transmission gear 579Hz, and the resonance phenomenon does not occur.
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