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Fig..1.1 Calculation Result Screen 
 
1.1 Introduction 
 involute Σ (Spur & Helical) adopted many customer requests 
from those who used conventional software, and the software 
was revised in May, 2000. In addition, 3D tooth form stress 
analysis software and 3D error analysis software was added in 
May, 2001. The latest involu e Σ can output tooth form in 3D 
data, and it can observe the meshing line of contact of gear 
rotation continuously by tooth form rendering (see Fig. 1.1). 
Other new functions to obtain gear strength standards and infer 
optimum addendum modification coefficient were added. Please 
review the following content. 
 
1.2 Software Composition  
  Software is classified into 3 types of [ST], [PL], [SP]. Please see 
Table 1.1. 

Table 1.1 Software Composition 
Items Page ST PL SP 

1. Setting Basic Rack 1 ○ ○ ○ 
2. Gear Dimension 1 ○ ○ ○ 
3. Reasoning -1 2 ○ ○ ○ 
4. Reasoning -2 2 ○ ○ ○ 
5. Tooth Profile Generating Figure 2 ○ ○ ○ 
6. Gear Meshing Figure 2 ○ ○ ○ 
7. Meshing Continuation Rotation 2 ○ ○ ○ 
8. Tooth Form DXF File Output 3 ○ ○ ○ 
9. Tooth Form Rendering Figure 3 ○ ○ ○ 
10. Gear Accuracy 3 ○ ○ ○ 
11. Design Data Management -- ○ ○ ○ 
12. Steel Gear Strength 5 ○ × ○ 
13. Plastic Gear Strength 5 × ○ ○ 
14. Steel and Plastic Gear Strength  -- × × ○ 
15. Sliding Ratio Graph 4 ○ ○ ○ 
16. Hertz Stress Graph 4 ○ ○ ○ 
17. Bearing Load 5 ○ ○ ○ 
18. FEM Tooth Form Stress Analysis 6 ◎ ◎ ◎ 
19. Transmission Error Analysis 6 ◎ ◎ ◎ 
20. Fourier Analysis 7 ◎ ◎ ◎ 
21.Tooth Form IGES File Output 3 ◎ ◎ ◎ 
22.Flash Temperature 5 ◎ ◎ ◎ 

Legend 
 ST: Steel Edition           PL : Plastic Edition  
 SP: Steel & Plastic Edition 
 ○ : Included          ◎::Optional  
 △ : Conditionally Included     ×: Not Included 
 

1.3 Software Content 
1.3.1 Icon Button 
 There are 12 icon buttons: [Dimension], [Tooth Form], 
[Accuracy], [Strength], [Sliding Graph], [Hertz Stress Graph], 
[FEM], [Transmission Error], [Fourier Analysis], [Tooth Form 
Rendering], [Load Bearing], and [Flash Temp.]. There is also a 
[Tool] button that sets initial values of basic rack, etc.  
 
 
 
1.3.2 Gear Types.   
 ･ Involute Spur Gear, Helical Gear 
 ･ External Gear and Internal Gear 
1.3.3 Setting of Basic Rack, etc., 
 Basic rack settings screen is shown in Fig. 1.2.  
 Combination of Gears: External Gear／External Gear, 
            External Gear／Internal Gear 
 Basic Rack:      Full Depth Tooth, Stub Gear Tooth,  
            Special 
1.3.4 Gear Dimensions 
 Dimension of each part of gear is used to calculate contact ratio, 
sliding ratio, tooth thickness, etc. The contact rate of the gear 
with the undercut is calculated on the basis of the TIF diameter. 
And, the contact ratio is calculated by containing R in the tip  
(TIF: True Involute Form). 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.2 Properties (Dimensions) 
 
(1) Relation between addendum modification coefficient and 
center distance is the following 3 types. 

<1>The addendum modification coefficient of each gear 
decides center distance. 

<2>The decision of center distance gives the addendum 
modification coefficients for pinion and gear.    

<3>The center distance disregards addendum modification 
coefficient, and it is optionally decided.    

(2) Setting system of addendum modification coefficient are the 
following 4 types. 

<1>The addendum modification coefficient is directly input.  
<2>The addendum modification coefficient is decided by the 

input of base tangent length.   
<3>The addendum modification coefficient is decided by the 

input of over ball distance.  
<4>The input of amount of addendum modification.   

  The dimensions setting screen and selection screen in the 
addendum modification coefficient input are shown in Fig.1.3. 
The dimension result screen is shown in Fig. 1.4.  
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Fig. 1.3 Dimensions Setting Screen 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 

Fig. 1.4 Dimension Result Screen 
 

1.3.5 Reasoning-1 
  Reasoning-1 decides module and face width with respect to 
bending strength. Here, inferential module and face width are 
indicated, then, it is possible to advance to the next design. There 
are various combinations of module, face width, and material 
that can satisfy strength requirements. So, this function is very 
effective in summarizing the gear on the basis of the reasoning 
result. The reasoning-1 screen is shown in Fig. 1.5. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.5 Reasoning-1 Screen 

1.3.6 Reasoning-2 
  The function of reasoning-2 decides the optimum addendum 
modification coefficient on the basis of specific sliding and 
meshing ratio. Fig. 1.6 graphs largest sliding ratio of pinion in 
red line, largest sliding ratio of gear in blue line, transverse 
contact ratio in green line. This case, an addendum modification 
coefficient of 0.2 of pinion is optimum tooth form, when it is 
judged from sliding ratio and contact ratio.  
  The decision reason of general addendum modification 
coefficients is undercut prevention, changes of center distance, 
adjustment of operating pressure angle, etc.  
  But, this reasoning function can decide the addendum 
modification coefficient based on the relationship between sliding 
ratio and contact ratio.    
 
 
 
 
 
 
 
 
 

 
 
 

Fig.1.6 Reasoning-2 Screen 
1.3.7 Tooth Profile 
(1) The type of the tooth profile figure.   

 ･ Tooth form generating 
 ･ Contact tooth profile 
 ･ 3D tooth profile 
 ･ Rotation tooth profile 

(2) CAD file 
  ･ DXF file (2D, 3D) 
  ･ IGES file(3D) 
  The pinion tooth form generating profile is shown in Fig. 
1.7,and the contact profile is shown in Fig. 1.8. Internal gear 
checks 3 kinds of interference (involute interference, trochoid 
interference, trimming). The 3D tooth form figure is shown in 
Fig. 1.9 and Fig. 1.10.   
 
 
 
 
 
 
 
 

Fig. 1.7 Tooth Form Generating  Fig.1.8 Tooth Form Meshing 
 Figure (P)  

 
 
 
 
 
 
 
    Fig. 1.9 3D Tooth Form (P)    Fig. 1.10 3D Tooth Form (G) 



1.3.8 DXF and IGES File Output of Tooth Profile 
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  It is possible to output the gear tooth profile by 2D, 3D-DXF 
and 3D-IGES files.   
(1) The tooth profile output gives module shrinkage percentage 
and pressure angle correction factor for metal molds.  
(2) The output tooth numbers can be set manually .  
(3) The coordinate value is output to 8 decimal places.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.11 Output File Setting Screen 
 
 
 
 
 
 
 
 
Fig. 1.11-a Drawing Sample (DXF)     Fig. 1.11-b Drawing Sample  
                     (IGS) 
 
1.3.9 Tooth Profile Rendering 
  3D tooth profile meshing can be drawn as in Fig. 1.12. The 
pinion rotates in 1 degree increments if the gear meshing step 
angle is 1; the pinion stands still if the gear meshing step angle is 
0. The tooth profile direction can be freely changed, extended and 
reduced. Fig. 1.12 displays figure and setting screen from the 
gear side, and Fig. 1.13 displays figure from the pinion side. In 
meshing part of Fig. 1.12, line of contact can be observed.     
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.12 Tooth Form Rendering Figure and Setting 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

    Fig. 1.13 Tooth Profile Rendering 
 
1.3.10 Gear Accuracy 
  The error tolerance (JIS B 1702-1 and JIS B 1702-2) of the new 
JIS is displayed in Fig. 1.14 and Fig. 1.15. The new JIS or old JIS 
may be chosen.   
 
 
 
 
 
 
 
 
 
 

 
  Fig. 1.14 Gear Accuracy (JIS B 1702-1) 

 
 
 
 
 

 
  Fig. 1.15 Gear Accuracy (JIS B 1702-2) 

 
1.3.11 Noise Reduction (Specific Sliding and Hertz Stress Graph) 
  On the operating pitch circle, as a feature of the involute tooth 
form, contacting involute teeth make a rolling motion, while 
teeth of other kinds make a sliding motion.  
  The graph change of specific sliding and hertz stress of an 
example gear is displayed in Fig. 1.16 and Fig. 1.17 (standard 
spur gear of mn=2, Z1=15, Z2=24,α=20°). And, rapid hertz stress 
modification in the first engagement is shown, because the 
dedendum specific sliding of the pinion is large. In this case, the 
problem is not solved, even if the accuracy is improved. Therefore, 
not only contact ratio but also considering design changes of 
specific sliding and Hertzian stress are necessary. There is a case 
in which a solution is reached by adjusting the transposition, in 
order to smooth the Hertzian stress. Plastic gear must be 
designed with highest attention as the heat caused by sliding 
motion considerably affects the gear. When the addendum 
modification coefficients are Xn1=0.24 and Xn2=-0.24 and the 
center distance is not changed, the curves of specific sliding ratio 
and Hertzian stress are shown in Fig. 1.18 and Fig. 1.19, 
respectively. When a profile modification is applied to the gear 
whose Hertzian stress is shown in Fig.1.19, the curve of Hertzian 
stress of the modified gear becomes smoother as shown in Fig. 
1.20. 
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 Fig.1.16 Sliding Ratio Graph-1     Fig. 1.17 Hertz Stress-1 
 
 
 
 
 
 
 
 
 Fig.1.18 Sliding Ratio Graph-2     Fig. 1.19 Hertz Stress-2 
 
 
 
 
 
 
 
 
                  Fig. 1.20 Hertz Stress-3 
1.3.12  Zero Class Gear 
  The involute plane of the gear tooth type is important, but the 
dedendum shape is important as well.  The graph of Fig. 1.21 is 
a test result (both tooth surface meshing) of a tooth form that 
connected the root of tooth curve in optional R; Fig. 1.22 shows 
the test result of theoretical trochoid curve tooth form. 
  In the case of a basic generating motion, the tooth root shape is 
a semi-trochoid curve decided by ① pressure angle, ② basic 
rack dedendum, ③ dedendum R, ④ addendum modification, 
⑤ teeth number.  involute Σ outputs the theoretical tooth 
form curve. 
 
 
 
 
 
 
 

Fig. 1.21 Gear Test (optional dedendum R) 
 
 
 
 
 
 
 

Fig. 1.22 Gear Test (theoretical tooth form) 
 
1.3.13 Gear Strength Calculation (Steel) 
  The gear strength calculation is based on JGMA401-01, 402-02. 
SI unit system or MKS unit system can be chosen for designs. 
The strength setting screen is shown in Fig. 1.23. The material 
selection displays the material selection form adapted to "heat 

treatment," as shown in Fig. 1.24. The strength calculation result 
is shown in Fig. 1.25.   
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.23 Gear Strength Input Screen 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.24 Material Selection 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.25 Strength Calculation Result 
 
1.3.14 Gear Strength Calculation (Plastic) 
  The basis of the strength calculation of the plastic gear is an 
equation of Lewis, and the material allowable stress value 
adopts experimental values considering temperature and life. As 
a material combination, the strength calculation of [plastic×
plastic] and [steel×plastic] is possible.  
  SI unit system or MKS unit system can be chosen for designs. 
Input screen of the plastic gear strength calculation is shown in 
Fig. 1.26. The tooth profile factor decides the tooth profile of gear 
dimension given in Fig. 1.3. The strength calculation result is 
shown in Fig. 1.27. The plastic material is polyacetal (M90, KT20, 
GH25) and polyamide (Nylon).  
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Fig. 1.26 Input Screen of Gear Strength 
 
 
 
 
 
 
 
 
 
 

Fig. 1.27 Strength Calculation Result 
 
1.3.15 Bearing Load   
  The load that affects the gear and the load that affects bearing 
are calculated. Twenty kinds of load affecting each bearing, such 
as contact force and normal force, are calculated. The calculation 
result is shown in Fig. 1.28. 
 
 
 
 
 
 
 
 
 

Fig. 1.28 Bearing Load 
 
1.3.16 Flash Temperature 
  The flash temperature which arises on a tooth surface is 
calculated.  The setting screen is shown in Fig. 1.29. Then, the 
flash temperature graph of the non-modified tooth profile is 
shown in Fig. 1.30.   
 
 
 
 
 
 

Fig. 1.29 Input Screen of Flash Temperature 
 
 
 
 
 
 
 
 
 

Fig. 1.30 Flash Temperature 

[2] 2D Tooth Form Stress Analysis Software 
  2D tooth form stress analysis is optional involuteΣ (Spur and 
Helical Gear Design) software. Please observe software 
composition (Table 1.1).  
 
2.1 Operation 
  Stress analysis is simply accomplished by clicking the [FEM] 
icon after the strength calculation ends. Setting screen of FEM 
analysis is shown in Fig. 2.1. It is possible to change load and 
number of partitions and Poisson ratio and Young modulus.   
 
 
 
 
 
 
 
 
 
 

  Fig. 2.1 FEM Analysis Setting Screen 
 
2.2 Stress is Analyzed by Load that Affects the Tooth 
  This software calculates 5 kinds of stress (σx,σy, shearing 
stressτ, main stressσ1,σ2). Gear reliability can be enhanced by 
evaluating the actual stress that affects tooth and by calculating 
the gear strength. The maximum main stressσ1 is shown in Fig. 
2.2, the equality line of stress figure of the smallest main stress 
σ2  is shown in Fig. 2.3. 
 
2.3  Tooth Form Modification Quantity is Calculated by 

Displacement Quantity of Tooth Form 
  The tooth form modification is a useful method for improving 
gear running performance. Normal pitch difference arises by 
deflection of the tooth in the driving gear and tooth of driven gear, 
even if it is an accurate gear.  
  The improper contact of mating teeth caused by the difference 
in this normal pitch becomes a cause of vibration and noise. The 
tooth form modification is one method for solving this. The tooth 
form displacement figure is shown in Fig. 2.4, the graph of tooth 
form modification is shown in Fig. 2.5.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig.2.2 Maximum Principal   Fig.2.3 Smallest Principal 
 Stressσ1             Stressσ2 
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     Fig.2.4 Tooth Form     Fig. 2.5 Profile Modification 
     Displacement         Graph 
 

[3] 3D Tooth Form Stress Analysis Software 
  3D tooth form stress analysis is optional involu Σ (Spur and 
Helical Gear Design) software. In the case of a helical gear, the 
number of partitions of the face width direction are decided 
according to the tooth form pitch number of partitions of initial 
stage setting screen Fig. 3.1. The division of the tooth depth 
direction is divided on basis of contact line. The smallest main 
stress, maximum principal stress and tooth form displacement 
figure are shown in Fig. 3.2 to Fig. 3.7.  
 
 
 
 
 
 
 
 
 

Fig.3.1 Initial Stage Setting Screen 
 
 
 
 
 
 
 
 
 
 

Fig.3.2 Smallest Principal    Fig 3.3 Maximum Principal 
Stressσ2  (Helical Gear)    Stressσ1  (Helical Gear)

 
 
 
 
 
 
 
 
 
 
 

    Fig.3.4 Tooth Form      Fig.3.5 Smallest Principal 
Displacement (Helical Gear)    Stressσ2  (Spur Gear) 

 
 
 
 
 
 
 
 
 
 
  Fig 3.6 Maximum Principal     Fig 3.7 Tooth Form 
  Stressσ1  (Spur Gear)     Displacement (Spur Gear) 
 

[4] Transmission Error Analysis Software 
  Transmission error analysis software is optional for involuteΣ
(Spur & Helical). The transmission error analysis software 
requires FEM tooth form stress analysis software. 
4.1 Rotation Transmission Error Analysis of Gear 
  The software uses the following five items as elements to 
analyze transmission error: 
 ①Tooth profile error  
 ②Pitch variation  
 ③Deflection of tooth  
 ④Runout of shaft  
 ⑤Sliding speed 
  Gear rotation transmission error can be predicted at the gear 
design stage, verification by actual product test and 
measurement is not necessary 
  The object gear can be analyzed as a spur gear in case of 2D 
tooth form stress analysis. However, when 3D tooth form stress 
analysis is used, the transmission error analysis of spur gear and 
helical gear is possible. Setting screen of transmission error is 
shown in Fig. 4.1 and Fig. 4.2. 
 
 
 
 
 
 
 
 
 
 
 
  Fig.4.1 Transmission Error     Fig.4.2 Transmission Error  
  Setting Screen (P)               Setting Screen (G) 
 
4.2 Evaluation of Transmission Error (1) 
  The rotation transmission error graph is shown in Fig. 4.3, the 
wow and flutter graph is shown in Fig. 4.4. And, it can be 
confirmed by the noise frequency. 
 
 
 
 
 
 
  Fig.4.3 Transmission Error    Fig. 4.4 Wow and Flutter 



4.3 Evaluation of Transmission Error (2) 
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  Transmission error analytical result and wow and flutter graph 

of a helical gear are shown in Fig. 4.5 and Fig. 4.6, respectively. 

The three-dimensional transmission error analysis also 

considers meshing plane and back interference.  

 

 
 
 
 

 
 
  Fig.4.5 Transmission Error      Fig 4.6 Wow and Flutter  
 

[5] Fourier Analysis Software 
Transmission error analysis of the spur gear (mn=2, 

Z1=Z2=40) is carried out, and the frequency analysis results are 
as follows.   
  The pinion tooth profile error is set to 10 µm, and shaft runout 
is set to 3µm. However, there is no pitch error of the pinion and 
tooth profile error of the gear and shaft runout of the gear. The 
setting screen is shown in Fig. 5.1.  The transmission error 
graph for a pinion made to rotate at 1200 rpm is shown in Fig. 
5.2.   
  The result of the frequency analysis is shown in Fig. 5.3. The 
frequency of 800 Hz (1200 min-1 × 40 Hz/60 sec) of the first 
frequency and the secondary 1600 Hz, third, fourth appeared 
clearly in the analytical result.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.5.1 Transmission Error Setting Screen (P) 
 
 
 
 
 
 
 
 
 

Fig 5.2 Transmission Error Analysis 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Fig 5.3 Frequency Analysis 
 

[6] Transmission Error Analysis of Plastic Gears 
The transmission error was measured by single tooth surface 

contact testing equipment, while the load was given by the drive 
of molding plastic helical gear (POM). The gear dimensions are 
shown in Table1.  
 

Table 6.1 
            Unit   Pinion   Gear 
  Module       mm        1 
  Number of teeth   ---     37      37 
  Pressure angle     deg        20 
  Helix angle     deg        20 
  Face width     mm        10 
  Center distance   mm         39.47 
  torque       Nm         9.8 
  Rotational speed    min-1         6 
 
  A measurement result is shown in Fig. 6.1 and a frequency 
analysis is shown in Fig. 6.2. Analysis shows a similar 
corrugation figure and maximum value of the transmission error 
of 30µm are observed on both results of the actual measurement 
and the simulation.. And, the 3.7Hz frequency and the 7.4Hz 
have remarkably appeared, as shown in Fig.6.4.   
 

 

 

 

 

 

 Fig.6.1 Transmission Error    Fig.6.2 Frequency Analysis 
 Experimental 

 
 
 
 
 
 
 
     Fig.6.3 Transmission Error   Fig.6.4 Frequency Analysis 
     by Simulation          by Simulation 
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