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[32] Sin curved tooth profile gear design system 
 
 
 
 
 
 
 
 
 

Fig. 32.1 Sin curved tooth profile gear design system  
 
32.1 Abstract 
 Gears that use a sine-tooth profile as a reference rack “Sine-gear” have 
a smaller sliding ratio than involute gears, so their power loss is smaller. 
Therefore, it can be considered that the amount of frictional heat 
generation at the time of engagement decreases and the temperature rise 
of the teeth can be suppressed. From this, it can be expected that the 
decrease in allowable bending stress of plastic material with temperature 
rise also decreases and the load capacity of plastic gears also increases.  
  In addition, the meshing of the sinusoidal gear has a smaller relative 
curvature at the meshing point and a larger tooth thickness at the 
dangerous cross section than involute gear. Therefore, it is expected that 
this will bring about a decrease in the contact stress on the tooth surface 
and the bending stress on the base, which will be advantageous for 
increasing the load capacity. 
 
32.2 Gear type and tooth profile 

(1) Gear type: External gear pair, internal gear pair 
(2) Tooth profile: Sine-tooth profile (Basic rack) 

 
32.3 Basic rack 
 The "Sine-Gear" reference rack is shown in Figure 32.2, and the
 gear pair selection and reference rack gear setting are shown in F
igure 32.3. "Sine-Gear" is easy to HOB and form grinding. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 32.3 Selection of gear pair and Basic rack 

32.4 Gear specification 
 Figure 32.4 shows the input screen of gear specifications. In addition, 
the sum of the tooth shift coefficients of the Sine-gear must always be 
zero. 
 
 
 
 
 
 
 
 

Fig. 32.4 Gear specification 
 
32.5 Gear dimensions 

Calculation results of gear dimensions, contact ratio, and sliding ratio 
are shown in Fig. 32.5. Non-involute gears like "Sine-gear" mesh 
correctly only at the theoretical center distance, but with this software 
you can intentionally change the center distance to check the tooth 
meshing. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 32.5 Gear dimensions  
 
32.6 Tooth profile 
 The mesh of "Sine-gear" is shown in Fig. 32.6. In the case of involute 
gears, the contact line is a straight line, but the working line of 
"Sine-gear" is an S-shaped line. Therefore, the meshing range is from the 
meshing start point "p" to the meshing end point "q". 
 
 
 
 
 
 
 
 
 
 

  Fig. 32.6 Tooth profile and contact line 
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In the case of involute gears, the meshing ratio increases as the number 
of teeth on the other gear increases, but the meshing ratio of "Sine-gear" 
does not increase significantly. A contact line (not straight line) can be 
seen at the center of the tooth surface in the tooth profile rendering in 
Figure 32.7. The tooth thickness of this gear can be measured with the 
over ball size as shown in Fig. 32.8. 
 
 
 
 
 
 
 
 

Fig. 32.7 Teeth rendering  
 
 
 
 
 
 
 
 

(a) Measurement (3D)        (b) Measurement (2D) 
Fig. 32.8 Over-ball measurement (example of pinion) 

 
32.7 Sliding ratio 
 Fig. 32.9 shows the sliding ratio of "Sine-gear", and Fig. 32.10 shows 
the sliding ratio of the involute gear superimposed on the sliding ratio of 
"Sine-gear"．However, the specifications of involute gear are the same as 
"Sine-gear". 
  The graph in Fig. 32.10 shows that the sliding area of "Sine-gear 
(pinion)" is 1 / 3.5 smaller than that of involute, and that of "Sine-gear  
(gear)" is 1 / 1.90.  
 
 
 
 
 
 
 

Fig. 32.9 Sliding ratio of     Fig. 3.10Sliding speed of involute 
"Sine-gear" Fig. 32.10       gear and "Sine-gear" 

 
Table 32.1 Maximum sliding ratio and sliding area  

            Maximum sliding ratio  Sliding area (mm2) 
  Sine-gear (P)        -0.791        10.3 
  Sine-gear (G)         0.438        11.3 
  involute gear (P)       -2.89        21.2 
  involute gear (G)        0.743        17.9 

32.8 Change in contact ratio 
When changing the number of gear teeth to 18, 25, 30, 50, 100 by 

fixing the number of teeth of the pinion to 18 with the involute gear and 
"Sine-gear" both set to mn=1, β=0° As a result, involute gears have an 
increase in contact ratio as the number of gear teeth increases, but 
"Sine-gear" hardly changes. 
 
 
 
 
 
 
 
 
 
 

  Fig. 32.11 Change in contact ratio  
 

Table 32.2 Combination of teeth numbers and contact ratio 
   z1   z2    a     
   18  18  18.000    1.5298     1.2422 
   18  25  21.500    1.5707     1.2473 
   18  30  24.000    1.5916     1.2487 
   18  50  34.000    1.6422     1.2498 
   18   100  59.000    1.6911     1.2498 
 
32.9 Transmission error 
 The transmission error analysis setup is shown in Fig. 32.12 and the 
transmission error analysis and the analysis result of wow and flutter are 
shown in Fig. 32.13 and Fig. 32.14.  
 
 
 
 
 
 

Fig. 32.12 Transmission error setting 
 
 
 
 
 
 
 

Fig. 32.13 TE=0.04μm      Fig. 2.14 W&F=0.0319% 
 
32.10 Gear strength calculation 
 Set the torque and material in Figure 32.15 to calculate the bending 
strength and pitting strength of the gear. 
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Fig. 32.15 Gear strength calculation specifications 
 

Fig. 32.16 shows the material selection screen set in Fig. 32.15. You 
can select the materials σFlim and σHlim from the material, heat treatment, 
and hardness. You can also enter arbitrary σFlim and σHlim in Figure 32.15. 
The strength of the gear is displayed as the ratio of the allowable stress of 
the material to the generated stress as shown in Fig. 32.17. 
 
 
 
 
 
 
 
 

Fig. 32.16 Material selection  
 
 
 
 
 
 
 

Fig. 32.17 Gear strength calculation result 
 
32.11 Tooth profile output 
 The generated tooth profile can be output as a CAD file using the 
tooth profile output function shown in Figure 34.18. An example of CAD 
drawing is shown in Figure 34.19. 
 
 
 
 
 
 
 
 
 
 
 

Fig. 32.18 Tooth profile output 

 
 
 
 
 
 
      (a) 2D-DXF          (b) 3D-IGES 

Fig. 32.19 CAD drawing example (pinion) 
 
32.12 Internal gear pair (optional) 
 Figures 32.20 to 32.24 show examples of calculation of internal gear 
pairs. 
 
 
 
 
 
 
 
 
 
 

Fig. 32.20 Gear specifications (internal gear)  
 
 
 
 
 
 

Fig. 32.21 Tooth profile   Fig. 32.22 Teeth rendering 
 
 
 
 
 
 
 

Fig. 32.23 Sliding ratio of   Fig. 32.24 Sliding speed of involute 
"Sine-gear" Fig. 32.10       gear and "Sine-gear" 

 
32.13 Postscript 
 The contact ratio of "Sine-gear" is smaller than that of involute gear, 
but the sliding ratio is smaller than that of involute gear, so it can be 
expected to reduce heat generation and improve efficiency. The 
efficiency of the plastic gear (m=1, z1=z2=48) experiment is improved 
compared to the involute gear of the same specifications. See Appendix 
[E] for details. 
 
 


