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Abstract 
Bevel gear set as an important part to connect the brushless motor and planetary 
reducer, the working characteristics of the main performance of continuous high-speed 
rotation, the working condition of the bevel gear set affects the failure rate of the single 
cylinder nail fixer. In this study, we firstly used solidworks to accurately build the model 
of the commutator bevel gear of the fastener, then used ANSYS to analyze the transient 
dynamics of the bevel gear set, analyze the location of the maximum stress-strain and 
extract its stress spectrum information, and finally combined the FEA results with the 
fatigue analysis software Ncode to realize the fatigue life prediction of the commutator 
bevel gear of the fastener. 
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1. Introduction 

Traditional air nail guns need to carry a large volume of air compressor, the use of the process will 
bring a series of safety issues such as heat, vibration.[1]After years of development, with the 
continuous expansion of the downstream demand market for pneumatic tools, the scale of application 
of pneumatic tools in manufacturing and various construction industries has been rising.[2]Pneumatic 
nail fixer is popular with many advantages such as high efficiency, environmental protection and 
strong fastening force. 

Chen et al[3]addressed the problem of calculating the meshing stiffness of straight bevel gears by 
dividing the variable-section tooth profile into a number of equal-section micro-segment tooth 
segments from the micro-element idea, establishing a micro-segment tooth segment meshing stiffness 
calculation model based on energy equivalence, and using the integration method to obtain the single 
tooth meshing. stiffness. Safarov et al[4]This paper presents a method to find the main setting 
parameters of a gear broaching machine based on the measurement data of straight bevel gears. Using 
the measurement system can improve the setting accuracy of gear broaching machines and improve 
the manufacturing quality of straight bevel gears. Liu et al[5]proposed a static mean load analysis 
method based on the meshing characteristics. By establishing the multi-body gear tooth contact 
analysis (MTCA) method for single-stage branch system considering the installation error of the 
central wheel, the initial contact clearance of each gear pair was obtained to establish the static 
equilibrium equation considering its support deformation and the mutual coupling of torsional 
deformation of each gear to obtain the average load coefficient of each branch, and the effects of load, 
installation error and support stiffness on the average load coefficient of the system were analyzed. 
Wang et al[6]used the nominal stress method and Miner's linear damage theory to analyze the fatigue 
life of gears and racks for the fatigue life of the rack and pinion mechanism. An accurate model of 
the rack and pinion mechanism is drawn, and transient dynamics analysis is performed on the model; 
by calculating the fatigue life of the mechanism, the stress cloud, damage cloud and fatigue life cloud 
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of the gear and rack are obtained. Ren et al[7]first calculated the tilting moment of the converter at 
different angles using SolidWorks software, and selected the maximum value as the initial condition 
of the load for transient dynamics analysis before and after braking, and then studied the different 
loads on the gear shaft at the moment of braking with the finite element software Workbench. 

This paper is mainly composed of 3D modeling, finite element analysis and fatigue simulation. Firstly, 
accurate modeling of the commutation bevel gear in the single cylinder retainer is performed. Then, 
the transient dynamics of the commutation bevel gear is analyzed by ANSYS, and finally, the stress 
spectrum information obtained from the transient dynamics is imported into Ncode for fatigue life 
simulation. The data on cycle time and service life are obtained, and the post-processing information 
can be used to deduce the service life of the reversing bevel gear and the areas prone to fatigue failure. 
The results of this analysis can be used for inspection during operation of the reversing bevel gear 
and for effective maintenance of the reversing bevel gear. 

2. Transient Dynamics Analysis 

2.1 Working Principle Analysis 

Single cylinder nailer drive system structure sketch as Figure 1. 
 

Insurance
Planetary 
Reducer

Buffering 
device

High pressure 
cylinder

Brushless 
motor

Bevel gear 
set  

Figure 1. Single cylinder pneumatic nailer structure schematic diagram 
 

Single-cylinder electric nailer accumulator dynamic as: Figure 1, the motor output shaft and bevel 
gear set input gear solid connection, power through the bevel gear set output gear will power 
transmission to the planetary gear set 2, after the planetary gear set 2 deceleration torque, drive half 
gear and rack piston engagement, rack piston x positive movement, to reach the preset position trigger 
to achieve firing. 

2.2 Build Simulation Ideas 

Model Construction

Ncode

Transient dynamics

Data Interface

Fatigue life analysis

Stress Strain

Different working conditions

 
Figure 2. Simulation idea construction 
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Firstly, we build the analysis model in solidworks, import the simplified model into ANSYS, build 
the transient dynamics module, set up the solution environment, and then import the transient 
dynamics stress-strain results into Ncode for fatigue life simulation[8]. 

3. Analytical Model Building 

3.1 Model Construction 

Assemble the model in solidworks, simplify the features not related to simulation, output the standard 
x_t format, and import the model into ANSYS through the ANSYS external data interface. The sketch 
of the transmission mechanism bevel gear set is shown in Figure 3. 

 

Output large tapered 
teeth

Input small taper

 
Figure 3. sketch of bevel gear set 

3.2 Main Parameters of Transmission System Reducer 

The transmission system includes input small bevel gear bevel and output large bevel gear, the main 
parameters are shown in Table 1, where the gear pressure angle are 20°. Table 2 shows the calibration 
results of bevel gear assembly root breakage, tooth wear and glue safety, and the calculation results 
show that the bevel gear design satisfies the use conditions under this working condition. 

 

Table 1. Main parameters of bevel gear assembly 

Gear Name Teeth Modulus Tooth width 
Displacement factor 

contour Thick 

Bevel gear set 
Input 20 0.77 6.5 0.2243 0.0180 

Output 28 0.77 6.5 0.2243 0.0180 

 

Table 2. Strength calibration results of bevel gear assembly 

Gear Name 
Bevel gear set 

Input Output 

Tooth root safety factor 1.42 1.37 

Tooth surface safety factor 1.12 1.15 

Overlap 1.648 

Gluing safety factor 4.016 
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3.3 Material Definition 

The gear material is 16MnCr5 which has been tempered with Young's modulus of 2.06E11pa, 
Poisson's ratio of 0.3 and friction coefficient of 0.15. The specific material parameters are shown in 
Table 3[9]. 

 

Table 3. Specific material parameters of 16MnCr5 

Materials Processing Type 
Contact strength 

(MPa) 

Bending strength 

(MPa) 
Surface hardness 

16MnCr5 Surface hardening 1500 430 59HRC 

3.4 Model Pre-processing 

Finite element software generally constructs the equations of each tiny discrete unit, then uses the 
mechanical properties of each unit to construct the overall equations, then transforms the set boundary 
conditions into the boundary properties of the unit, and then, by using the principle of minimum 
potential energy, enumerates the solution format of the overall equations, solves to obtain the 
displacement approximation of the unit, and finally combines the geometric equations and the 
intrinsic equations to obtain the stresses. In the case of error-free settings, the finite element 
calculation displacement results are more accurate, while the accuracy of stress calculation is closely 
related to the mesh quality. In order to get a better finite element model of the commutation bevel 
gear set, therefore, Hypermesh is used for meshing in this section.[10]. 

The overall idea of mesh partitioning is to slice the individual bevel gears, then perform 2D mesh 
partitioning of the gear teeth, realize the common nodes at the joints, optimize the mesh quality of 
the 2D mesh of the large and small bevel gears, and finally stretch the 2D mesh to generate the 3D 
mesh.[11]The bevel gear meshing studied in this section is shown in Figure 4. Finally, the mesh 
model of the commutation bevel gear set is obtained,with a total of 193,916 nodes and 177,692 
meshes.The quality of the mesh model cells is checked with reference to the relevant guidelines,and 
the overall cell quality is 0.71244 with a minimum of 0.34479. 

 

Output large tapered 
teeth

Input small taper

 
Figure 4. Bevel gear set hypermesh meshing 
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After the completion of Hypermesh meshing, export the inp file format, import the external model 
into workbench through the External Model module, select the Transient Structural module in the 
analysis system, link with the external model, and realize the model data transfer, so as to complete 
the transient dynamics analysis system of the commutation bevel gear. 

According to the transmission principle of the commutation bevel gear set, the input small bevel gear 
rotates around its axis to transmit the power to the output large bevel gear end, and the output large 
bevel gear also does rotational motion around its axis, so it is necessary to establish the rotation sub 
between the input small bevel gear and the earth and the output large bevel gear and the ground 
respectively, and the rotation sub uses MPC184 unit, it should be noted that the input small bevel 
gear and the output large bevel gear have different rotation axes, which should correspond to the 
model The information releases the rotational degrees of freedom in different directions.[12]At the 
same time, the contact between the input pinion and the output big bevel tooth is established. There 
are five contact types in the workbench, as shown in Table 4.[13] The gear contact is mainly the tooth 
contact between the input active wheel and the output driven wheel teeth, so Frictional friction contact 
is selected, and the contact friction coefficient is set to 0.15. Since there is a certain distance between 
the two contact surfaces on the geometric model, in order to eliminate the initial gap, the contact 
pinball value radius is adjusted in workbench according to the initial state of contact, and the initial 
setting is 0.002 mm. According to the principle of contact surface target surface selection, when the 
two objects in mutual contact are gear meshes, the pinion is selected as the contact surface and the 
large gear is the contact surface, so the input pinion is defined as the contact surface, using Contact174 
unit, and the output pinion is defined as the target surface, using Targe170 unit, as shown in Figure 
5.6. 

 

Table 4. workbench contact types 

Contact type Normal distance Tangential Slip 

Bond No Gap No sliding 

No Separation No Gap No sliding 

Frictionless Gap allowed Slip allowed 

Frictional Gap allowed Slip allowed 

Rough Gap allowed No sliding 

 

Solid185

Trage170

Contact174
MPC184

MPC184

 
Figure 5. Finite element model of bevel gear set 
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3.5 Boundary Condition Definition 

Take the 4th speed at 0.8 MPa preset pressure as an example, i.e., the first load step is the uniform 
acceleration motion phase, in which the input pinion rotation speed is increased from 0r/min to 
5040r/min in 0-0.02s, and the load torque of 20255N.mm is applied at the output bevel gear; the 
second load step is the uniform motion phase, i.e., in 0.02-0.3s, the input min bevel gear rotation 
speed is kept at 5040r/min and the load torque at the output bevel gear is kept at 20255N.mm. 

3.6 Transient Dynamics Calculation Results 

Figure 6 shows the maximum equivalent force cloud diagram of the reversing bevel gear in 4th gear 
operating mode at 0.3s. Analysis of Figure 6 shows that the maximum stress of the reversing bevel 
gear set at 0.3s is located at the position where the sun wheel and the planetary wheel are meshed, 
with the maximum stress value of 436.71 MPa, and the minimum stress is located in the unmeshed 
area of the bevel gear. The stress at the root of the gear mesh line and gear teeth is large, which is in 
line with the stress distribution characteristics in gear mesh transmission. 

Figure 7 shows the change curve of the maximum equivalent force in 0-0.3s in the 4-speed operation 
mode of the commutation bevel gear. In the time period of 0-0.02s, the shift bevel gear set is in the 
uniform acceleration stage, and the maximum equivalent force shows an overall trend of growth. The 
maximum equivalent force during the 0-0.3s change is 436.71 MPa, and the overall maintains 
between 255-437 MPa. 

 

 
Figure 6. Equivalent force cloud of commutation bevel gear 
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Figure 7. Maximum equivalent force change curve in 0-0.3s in 4-gear mode 
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Figures 8 and 11 show the strain response of the commutator bevel gear in four operating modes. 
Analyzing the strain diagrams at different moments, we can see that Figure 8 shows the strain diagram 
at the completion of the acceleration phase with a strain of 1.6378E-4mm; Figures 9 and 10 show the 
strain diagrams at the moment of uniform motion with strains of 1.7293E-4mm and 1.6425E-4mm 
respectively; Figure 11 shows the strain diagram at the end of the 0.3s motion with a strain of 
2.1697E-4mm at that moment. 

 

 
Figure 8. 0.02s strain diagram 

 

 
Figure 9. 0.11s strain diagram 

 

 
Figure 10. 0.21s strain diagram 
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Figure 11. 0.03s strain diagram 

4. Ncode Fatigue Life Assessment 

4.1 Fatigue Simulation Pre-processing 

To perform a fatigue analysis of a nailer reversing bevel gear, the fatigue properties of the material 
used for the gear pair must be known. The fatigue analysis tool used in this section is the commercial 
fatigue analysis software Ncode Design Life, which can perform many types of fatigue analysis, such 
as stress life prediction, strain life prediction, spot welding fatigue and vibration fatigue, etc. Its user-
friendly graphical interactive cross-section and framework analysis process make the complex fatigue 
analysis process intuitive. In addition, Ncode has a rich library of materials, most of which can be 
called directly from the S-N curve in the library. In addition, Ncode has a rich material library, and 
most of the materials can be directly called from the S-N curve in the material library.[14]The material 
parameters are not found in the material library of Ncode, and the S-N curve is shown in Figure 12 
by manually entering the material strength limit and elastic modulus. 
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Figure 12. Material S-N curve 

 

Combining the results of transient dynamics analysis of the commutation bevel gear performed in 
Section 2, Transient Structural (transient dynamics analysis) and Ncode Dedign Life are associated 
in workbench, and the FEA results are automatically transferred to Ncode. The framework of the 
fatigue simulation analysis is shown in Figure 13. 
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Figure 13. Fatigue simulation analysis framework 

 

Considering the transmission characteristics of the commutation bevel gear, its elastic deformation is 
the dominant factor in the fatigue damage process, and the level of cyclic stress is low, which belongs 
to high circumferential fatigue, so the nominal stress method is used in fatigue analysis, and the main 
steps include: calculating the stress spectrum through ANSYS software; establishing the material 
fatigue curve; selecting the load spectrum; solving the settings; and post-processing to obtain the 
conclusions of life, damage, etc. 

The analysis flow is set up in the Ncode software as shown in Figure 14. 

 

 
Figure 14. Fatigue simulation flow of commutation bevel gear 

 

During the fatigue analysis of the commutation bevel gear, the model and stress spectrum of the 
fatigue analysis are obtained by mapping the transient dynamics solution file. The solution settings 
mainly include: combining with the material S-N curve, the multi-stress ratio stress curve calculation 
method is selected; the stress combination method is adopted to define the stress maximum value as 
the main stress; the Goodman theory is used to correct the average stress. 
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4.2 Fatigue Simulation Results 

After completing the fatigue analysis solution setting, the model was solved in four-gear operation 
mode, for example, to obtain the life cloud of the commutation bevel gear, as in Figure 15, and the 
damage cloud, as in Figure 16. 

 

 
Figure 15. Fatigue life cloud of commutation bevel gear 

 

 
Figure 16. Commutation bevel gear damage cloud 

 

According to Figure 15 commutation bevel gear fatigue life cloud, the blue area is the location of the 
longer life, the red area location is the location of the shorter life. As can be seen from the figure, the 
most likely to occur fatigue damage location in the tooth root part and gear mesh contact, this area 
transient dynamic analysis stress results in larger areas are basically the same, the minimum fatigue 
life occurs at node 230240, the node minimum fatigue life of 1.029E10. due to fatigue damage is the 
largest location prone to cumulative damage, and then produce cracks and damage. As shown in 
Figure 16 the damage cloud of the reversing bevel gear, the fatigue damage at node 96875 is 9.718E-
11. 

5. Conclusion 

(1) The fatigue life simulation of straight bevel gears made of 16MnCr5 material was carried out by 
Ncode software, and the fatigue ultimate life and fatigue damage condition of the measured gears 
were quickly derived from the analyzed data. The areas prone to fatigue failure are located to provide 
a basis for the optimization of the wheel system revision. 
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(2) The method in this paper can provide useful reference for the fatigue life evaluation and design 
of straight bevel gears. It is of great engineering significance to shorten the fatigue life test time and 
reduce the test cost of gears. 
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