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Fig. 2.1 involuteΣ Bevel Gear Design System 
 

2.1 Introduction 
The involuteΣ Bevel Gear Design System is a complete design system 

for bevel gears. It offers Gear Dimension, Strength Calculation (Metal or 
Resin), Tooth Profile Rendering, Assembly Drawing, Bearing Load 
Calculation, Sliding Ratio Graph, Hertzian Stress Graph, Profile Tooth 
Stress Analysis, Tooth Contact Area Display, Measurement Data Output, 
and many other features. 
 
2.2. Software Features 

Table 2.1 shows the available software features offered. 
 

Table 2.1. Software Features 
Item Page Straight Spiral

<1> Gear Dimension 8 ○ 
<2> Gear Meshing Drawing 8 ○ 
<3> Gear Assembly Drawing 8 ○ 
<4> Tooth Profile DXF File Output 8 ○ 
<5> Strength Calculation (Metal) 9 ○ 
<6> Strength Calculation (Resin) --- ○ 
<7> Gear Accuracy 9 ○ 
<8> Design Data Control --- ○ 
<9> Tooth Profile Rendering 10 ○ 
<10> Sliding Ratio Graph 11 ◎ 
<11> Hertzian Stress Graph 11 ◎ 
<12> Crossed Axes Angle (Acute) 11 ◎ 
<13> 3D Tooth Profile Coordinate Output 10 ◎ 
<14> Tooth Profile IGES File Output1) 11 ◎ 
<15> Tooth Profile IGES File Output for FEM 
   Analysis1)

11 ◎ 

<16> Assembly Error Simulation 11 ◎ 
<17> Over-Ball Diameter Measurement1) 10 ◎ × 
<18> 2D-FEM Tooth Profile Stress Analysis1) 10 ◎ × 
<19> Tooth Profile Measurement1) 11 ◎ 
<20> Tooth Contact Area1) 11 ◎ 
<21> STL File Output1)  11 ◎ 
<22> Crossed Axes Angle (Acute) --- ◎ 
<23> Chamfer Shape 9 ◎ 
<24> Kick Out Graph 10 ◎ 
<25> Minimum of 9 Teeth --- ◎ 
○ (Supported as standard)    ◎ (Optional) 
1) "<13> 3D Tooth Profile Coordinate" software is required. 
 

2.3 Icon Buttons 
The toolbar contains 13 icon buttons including [Dimension], 

[Assembly], [Profile], and [Rendering]. 
 

  
 

2.4 Supported Gear Types 
The System supports 14 types of bevel gears: six spur bevel gears and 

eight spiral bevel gears. Fig. 2.2 shows the supported bevel gear types. 
 

 

 

 

 

 

 
 
 

 

Fig. 2.2 Supported Bevel Gear Types 

2.5 Gear Dimensions 
Selecting a bevel gear type in Fig. 2.2 displays the Gear dimension input 

screen as shown in Fig. 2.3. After specifying the module and number of 
teeth of the pinion/gear, pressing the TAB key sets the default values for the 
remaining items (editable). The System not only supports shaft angles of 
other than 90 degrees, but also calculates the inclined and constant height 
teeth. 

The Modified gear dimension input screen shown in Fig. 2.4 allows the 
user to specify the tip modification and crowning data and change the tip 
and root angles of the bevel gear as desired. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.3 Gear Dimension Input Screen 

 

 

 

 

 

 

 

 

 

 

 Fig. 2.4 Modified Gear Dimension Input Screen 
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2.6 Gear Dimensions Calculation 
The calculated dimensions of the bevel gear are displayed in the Gear 

dimension calculation result screen shown in Fig. 2.5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.5 Calculated Gear Dimensions 
 

2.7 Gear Assembly Drawing 
As shown in Fig. 2.6, assembly drawings can be produced by specifying 

the length and boss diameter information on the pinion and gear pair. Fig. 
2.6a is an example of chamfering the outer diameter and boss ends of the 
pinion for the forging process. In addition, Fig. 2.7 and Fig. 2.8 are drawing 
examples for setting the shaft angle to 70 degrees and 120 degrees, 
respectively. Assembly drawings can be output in the DXF file format. 

 

 

 

 

 

 

 

Fig. 2.6 Gear Assembly Drawing and Settings 

 

 

 

 

 

 

Fig. 2.6a Gear Assembly Drawing and Settings (Chamfering) 

 

 

 

 

 

 

 

Fig. 2.7 Assembly Drawing Fig. 2.8 Assembly Drawing 

(Shaft Angle = 70 ﾟ) (Shaft Angle = 120 ﾟ) 

 

2.8 Gear Profile Drawing 
Gear profile drawings showing how the gear is meshed with the pinion at 

the outer end, center, or inner end can be drawn. Fig. 2.9 is a gear profile 
meshing drawing for the outer end. 

 

 

 

 

 

 

 

 

Fig. 2.9 Gear Meshing Drawing 

2.9 Assembly Error Simulation 
Improperly assembled gear pair would cause the variation of the point of 

contact when the pinion and gear are in mesh. By setting the Assembly 
Error Simulation, the user can observe this variation using the Tooth Profile 
Rendering and Tooth Contact Variation features to evaluate the impact of 
horizontal, vertical, angular, and offset errors in the gear assembly. 

 

 

 

 

 

Fig. 2.10 Assembly Error Simulation Settings 

 

2.10 Tooth Profile Rendering 
3D tooth profiles of the pinion and gear in mesh can be generated as 

shown in Fig. 2.11. The generated tooth profiles will be based on spherical 
involutes and theoretical leads. The viewing angle of the image can be 
changed using the control form shown in Fig. 2.11. Setting the meshing step 
angle to "1" causes the pinion to rotate in increments of 1 degree; entering 
"0" produces a still image. The generated profile images are scalable.  

Fig. 2.12 and Fig. 2.13 show the 3D rendering images that represent the 
tooth profiles of spiral bevel and Zerol gears, respectively. 

 

 

 

 

 

 

 

 

Fig. 2.11 Tooth Profile Rendering Image and Settings 

 

 

 

 

 

 

 

    Fig. 2.12 Spiral Bevel Gears     Fig. 2.13 Zerol Gears 
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2.11 Tooth Contact Variation 
Fig. 2.14 shows the point of contact on the pinion tooth flank when 

crowning is specified on the Modified gear dimension input screen in Fig. 
2.4. The pinion will be completely in contact with the gear at the flank area 
shown in red but, in blue area, there is a clearance of 50-μm from the tooth 
flank of the mating gear. The user can change the pinion rotation angle in 
the control form to see how the contact area moves. Fig. 2.14a and Fig. 
2.14b show contact area of spiral bevel and zerol pinions, respectively. 

 

 

 

 

 

 

Fig. 2.14 Tooth Contact Area (Straight Bevel) 

 

 

 

 

 

 

  Fig. 2.14a Tooth Contact Area Fig. 2.14b Tooth Contact Area  

  (Spiral) (Zerol) 

 

2.12 Kick Out Graph 
The Kick Out feature simulates the circumferential play ("kick out") in 

the gear from the start to the end of meshing with the pinion. As shown in 
Fig. 2.15, the kick out value is only "0.0007" degree when the gearshaft 
mounting error is 0. However, changing both the horizontal and vertical 
errors in gear shaft mounting to 5μm in Fig. 2.10 will increase the kick out 
value to "0.0093" degree as shown in Fig. 2.16, significantly changing the 
kick-out curve. 

 

 

 

 

 

 

 

   Fig. 2.15 Kick Out Graph 1    Fig. 2.16 Kick Out Graph 2 

 

2.13 Tooth Profile Data Output 
As shown in Fig. 2.17, the user can choose to output the assembly 

drawing, 3D tooth profile, or 3D meshing tooth profile image into a data 
file. Fig. 2.18 is an example of a 3D pinion tooth profile output file 
displayed in a CAD system. Fig. 2.19 is an example of 3D meshing tooth 
profile image output for FEM analysis, where the tooth profile data will be 
output into separate files for the left/right flank and tip portions. 

 

 

 

 

 

 

Fig. 2.17 Tooth Profile Data File Output 

 

 

 

 

 

 

         

 Fig. 2.18 3D Pinion Tooth Profile   Fig. 2.19 3D Meshing Tooth  
         (IGES)         Profile (IGES) 

 

2.14 Gear Strength Calculation 

(1) Torque Unit Setting (N･m, N･cm, kgf･m, kgf･cm, gf･cm) 
Fig. 2.20 shows the Torque unit tab of the Initial strength calculation 

settings screen. 

 

 

 

 

 

 

 

Fig. 2.20 Initial Strength Calculation Settings Screen (Torque Unit Tab) 

 

(2) Bevel Gear Strength Calculation 
The System calculates the strength of metal gears based on the JGMA 

403-01 and 404-01 standards. For resin gears, the calculation of the 
bending strength is based on the Lewis formula and the strength of the 
tooth flank on the Hertzian stress. 

(3) Materials 
Fig. 2.21 shows the Metal material tab of the Initial Strength Calculation 

Settings screen. The stress values shown in the Resin material tab are 
experimental values taking into account the temperature and life cycle of 
the resin material. 

The applicable materials are M90, KT20, and GH25. The characteristics 
of other material can be calculated based on M90. 
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Fig. 2.21 Initial Strength Calculation Settings Screen 
(Metal material Tab)
l Selection 

he [Reference] button in Fig. 2.21 displays the material 

creen as shown in Fig. 2.22. On this screen, the user can 

the allowable stress value for the material based on the 

alues shown in the list. The material symbol and the allowable 

, óHlim) and hardness values can be specified directly on the 

rial tab.  



 

 

 

 

 

 

 

 

 

 

(5) Strength Setting (Dynamic) 
Fig. 2.23 shows the metal strength setting screen, on which the user can 

specify the input torque, speed, and other data. 

 

 
 
 

 

 

 

Fig. 2.23 Dynamic Strength Setting 

(6) Strength Calculation Result 

Fig. 2.24 shows the Metal gear strength calculation result screen.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.24 Metal Gear Strength Calculation Result Screen 

 

2.15 Gear Accuracy 
Fig. 2.25 shows the error tolerance for bevel gears as per the JIS B 1704 

standard. 

 
 
 
 
 

  Fig. 2.25 Gear Accuracy 

2.16 Sliding Ratio and Hertzian Stress Graphs 
Fig. 2.26 and Fig. 2.27 show the sliding ratio and Hertzian stress 

graphs for a bevel gear pair, respectively. 

 
 
 
 
 
 
 
Fig. 2.26 Slipping Ratio Graph  Fig. 2.27 Hertzian Stress Graph Fig. 2.22 Material Selection (Reference Screen) 

2.17 FEM Tooth Profile Stress Analysis 
Stress analysis can be easily performed by simply clicking the [FEM] 

button after the strength calculation. Fig. 2.28 shows the FEM analysis 
setting screen. The user may change the Young modulus, Poisson ratio, 
number of partitions, and load values. 

This System supports five types of stresses (óx, óy, shear stress ô，and 
principal stresses ó1, ó2). The reliability of a gear pair can be improved by 
calculating the gear strength and then evaluating the actual stress on the 
tooth flanks. Fig. 2.29 and Fig. 2.30 show the equivalent stress curves for 
the maximum (ó1) and minimum (ó2) principal stresses, respectively. 

 
 
 
 
 
 
 

 Fig. 2.28 FEM Analysis Settings 
 
 
 
 
 
 
 
 
 
 

Fig. 2.29 Maximum Principle Fig. 2.30 Minimum Principle  
Stress (ó1) Stress (ó2) 

 
2.18 Bearing Load Calculation 

The System calculates the loads exerted on both the gear and bearings. 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.31 Loads on Gear Tooth   Fig. 2.32 Loads on Bearings 
Flanks 
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2.19 Tooth Profile Measurement 
The System produces measurement data that can be used on either Zeiss 

3D measuring systems or Osaka Seimitsu Kikai's measuring machines. 
Specify whichever you prefer when ordering the System. 
(1) Outline of Measurement Data for Zeiss 3D Measuring Systems 

Fig. 2.33 shows the setting screen for Zeiss 3D measuring systems. 
Specifying the number of partitions along with the relief amount and 
standard distance values for measurement causes the System to output the 
measurement point coordinates and vectors as shown in Fig. 2.34 into a data 
file. 

 
 
 
 
 
 
 
 

  Fig. 2.33 Measurement Data     Fig. 2.34 Generated Tooth Profile 
  Settings  

 
(2) Outline of Measurement Data for Osaka Seimitsu Kikai Measuring 
Machines 

Specifying the measuring data as shown in Fig. 2.35 causes the 
software to output the nominal measurement data into a data file. The 
manufacturer's catalog says that the measuring machines (HyB-35 and 
HyB-65) perform "linear" measurement, rather than "point-to-point" 
measurement, for precision measurement. Unlike the grid-point based 
measurement used in the 3D measuring systems, these machines linearly 
measure up to the edge of each tooth to detect subtle profile errors for  
improved gear accuracy. 

 
 
 
 
 
 
 
 
 
 
 
 
 

2.20 Ball Height Measurement 
Ball height measurement is a technique to control the tooth thickness of 

a gear, in which the measurement is made with respect to the ball placed 
around the center of the gear face width. This technique is suitable for 
controlling the gear tooth thickness in the manufacturing phase. Fig. 2.36 
shows how the ball height of a bevel gear is measured. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.36 Ball Height Measurement 

 
2.21 Manufacturing Examples 

Fig. 2.37 is an example of a gear set machined using an NC ball-end 
milling machine with tooth profile data generated by this System. (The 
tooth profile data was imported into a CAD/CAM system before loading 
into the NC machine). Fig. 2.38 is a photograph of a photofabricated gear 
model. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 2.37 Example of Machined Gear Pair 
 
 
 
 

 

 

 

 

Fig. 2.38 Photo fabricated Gear Model (m1, NT28, α20°, β35°) 

 

 

 

 

 

Fig.2.35 Measurement Data Settings 
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