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Abstract 

Injection-molded plastic gears are often used by adding 
some reinforcing materials, due to improvement in heat 
resistance, because the bulk temperature is easy to come 
close to the glass transition temperature of plastic 
materials. On the other hand, natural materials are 
utilized to focus on the ecological recycling. The rice hull 
is a residual product of rice and it contains natural silica 
about 20wt.%. Therefore, a carbonized rice hull; Rice-
Hull-Silica-Carbon (RHSC) is focused as effective 
utilization of discarded rice hull. The RHSC is high 
strength and low frictional of porous carbon material. 
The authors have used the RHSC as a reinforcing 
material in plastic gear. In this study, some composite 
materials of a polyacetal and the RHSC-particle were 
prepared for the strengthen-injection-molded plastic gear. 
Test gears are the spur gear pair, helical gear pair and the 
crossed helical gears. Then, the fatigue test was carried 
out measuring the bulk temperature. Especially, the 
effects of RHSC were discussed to improve the fatigue 
strength of the injection-molded plastic gear. 
Keywords: plastic gear, spur gear, helical gear, crossed 
helical gears, polyacetal, rice hull, porous carbon, silica, 
composite material 
 

1 Introduction 
Recently, plastic gears used in wide ranges of 

industrial products. Demands for plastic gears have 
increased for the purpose of weight saving, low cost, low 
noise, and clean environment. In Japan, Almost of all 
plastic gear have been produced by injection molding. 
The polyacetal (POM) is used as a gear material about 
80% of them. Compared to other general-purpose 
engineering plastics, POM has a very good balance of 
price and performance. 

The load-carrying capacity, wear and fatigue life of 
gears are affected by many factors [1to3]. In the case of 
injection-molded plastic gear, the plastic materials and 
the bulk temperature are the most important factors [1], 
[2]. The bulk temperature is easy to come close to the 
glass transition temperature of the plastic materials. 

Therefore, the plastic gears are added with reinforcing 
materials for keeping strength in high bulk temperature. 

On the other hand, new utilizations of agricultural 
waste are focused on the ecological recycling, and the 
biomass has the characteristics of carbon offset. The rice 
is eaten all over the world. Especially, the consumption 
of rice becomes large in Asia. The rice hull is a residual 
product of rice, about 0.9 million tons of rice hulls are 
refused every year. Since the rice hull contains natural 
silica about 20wt.%, It has the potential for good 
frictional properties and high strength. Therefore, 
composite materials of biomass and plastic are reported 
[4to6]. Based on these backgrounds, the authors used 
carbon particles made from rice hull: Rice Hull Silica 
Carbon (RHSC) as a reinforcing material in plastic gear 
[7][8]. The RHSC is a porous carbon material. The 
effects of the median grain diameter and dopant ratio of 
RHSC-particle were discussed [7]. Then, the effect of 
RHSC particles on the frictional property and the fatigue 
mechanism were clarified [8]. 

In this study, test gears made from some composite 
material of POM and RHSC-particle. Test gears are spur 
gear pair, helical gear pair and crossed helical gears. The 
fatigue lives of these test gears were investigated. Based 
on results, the effects of RHSC particle were discussed to 
improve the fatigue strength of the injection molded 
plastic gear. 
 

2 Experiments 
2.1 Test gear 

All test gears are injection molded gears, and 
geometrical dimensions are in same values. Therefore, 
the driving and driven gears were in same dimensions.  

Table 1 shows materials for test gears. The polyacetal 
copolymer (POM) and the composite materials of POM 
and RHSC-particle were prepared for test gears. The 
dopant ratio of RHSC-particle is 7wt.%. The median 
grain diameters of RHSC-particle are 5μm and 60μm. 
Test gears are called POM, RHSC5 and RHSC60, 
respectively. Then, the both of RHSC5 and RHSC60 are 
called the RHSC-gear. 

(1) Spur gear 
   Table 2 shows the dimensions of test spur gears.  
(2) Helical gear 

Table 3 shows the dimensions of test helical gears. 
The helix angle is 20 degree. In the case of crossed helical 
gears, the angle between shafts of crossed helical gears is 
40 degrees, because the gears of same helix direction are 
used. 
2.2 Experimental apparatus 

The schematic representations of experimental 
apparatus are shown in Fig. 1 and Fig. 2. The 
experimental apparatus used in this study is the power 
absorbing type. The synchronous speed of motor is 1500 
rpm/50Hz. A transistor inverter is used to change the 
frequency of the electrical power source. The 
synchronous speed of the motor can be set at random 
within the range from 300 to 1800 rpm. The rotational 
speed of test gear is monitored by a tachometer. To set up 
the testing torque, a torque meter and a powder brake 
were added to this equipment. During the experiment, the 
bulk temperature of test gear was measured by a radiation 
thermometer. 
(1) Spur gear pair and Helical gear pair 

The experimental apparatus for spur gear pair and 
helical gear pair is shown in Fig. 1. The center distance 
between gear shafts can be set arbitrarily.  
 

Table 1  Materials for test gears 
Material POM RHSC5 RHSC60 
Matrix Polyacetal 
Filler － RHSC particle 

Median grain 
diameter [μm] － 5 60 

Dopant ratio wt.% － 7 
 

Table 2  Dimensions of test spur gear 
 Spur gear 

Module m [mm] 1.0 
Pressure angle αc [deg.] 20 
Number of teeth z 48 
Addendum  
Modification coefficient x 0 

Face width b [mm] 8.0 

Gear accuracy JIS B 1702-3 
Class P7 

 
Table 3  Dimensions of test helical gear 

 Helical gear 
Module m [mm] 1.0 
Pressure angle αc [deg.] 20 
Number of teeth z 48 
Addendum  
Modification coefficient x 0 

Face width b [mm] 8.0 
Helix angle β [deg.] 20 

Gear accuracy JIS B 1702-3 
Class P6 

(2) Crossed helical gears 
The experimental apparatus for crossed helical gears is 

shown in Fig. 2. The angle between gear shafts can be set 
arbitrarily.  
2.3 Fatigue test 

Test gear was operated at a constant rotational speed 
and transmitting torque, until the gear was broken. At this 
point the total number of rotation was counted as the 
fatigue life of test gear. In this study, lubricant was not 
used. In addition, the fatigue limit is defined as 107 
revolutions, the total number of rotation. 

The room temperature was kept at 23°C ± 2°C. To 
survey the conditions of test gear, the bulk temperature in 
the middle of tooth width was measured using a radiation 
thermometer during operation. 
(1) Spur gear pair 

The transmitting torque set up from 1.5 to 5.0Nm by a 
0.5Nm unit. Test gear was operated at a constant 
rotational speed at 1000rpm. The backlash was set to 0.1 
mm 
(2) Helical gear pair 

The transmitting torque set up from 1.5 to 3.5Nm by a 
0.5Nm unit. Test gear was operated at a constant 
rotational speed at 1000rpm. The backlash was set to 0.1 
mm 
(3) Crossed helical gears 

The transmitting torque set up from 0.2 to 0.6Nm by a 
0.1Nm unit. The rotational speed of test gear was fixed at 
500rpm and 1000rpm. The backlash was set to be 0.2mm. 
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Abstract 

Injection-molded plastic gears are often used by adding 
some reinforcing materials, due to improvement in heat 
resistance, because the bulk temperature is easy to come 
close to the glass transition temperature of plastic 
materials. On the other hand, natural materials are 
utilized to focus on the ecological recycling. The rice hull 
is a residual product of rice and it contains natural silica 
about 20wt.%. Therefore, a carbonized rice hull; Rice-
Hull-Silica-Carbon (RHSC) is focused as effective 
utilization of discarded rice hull. The RHSC is high 
strength and low frictional of porous carbon material. 
The authors have used the RHSC as a reinforcing 
material in plastic gear. In this study, some composite 
materials of a polyacetal and the RHSC-particle were 
prepared for the strengthen-injection-molded plastic gear. 
Test gears are the spur gear pair, helical gear pair and the 
crossed helical gears. Then, the fatigue test was carried 
out measuring the bulk temperature. Especially, the 
effects of RHSC were discussed to improve the fatigue 
strength of the injection-molded plastic gear. 
Keywords: plastic gear, spur gear, helical gear, crossed 
helical gears, polyacetal, rice hull, porous carbon, silica, 
composite material 
 

1 Introduction 
Recently, plastic gears used in wide ranges of 

industrial products. Demands for plastic gears have 
increased for the purpose of weight saving, low cost, low 
noise, and clean environment. In Japan, Almost of all 
plastic gear have been produced by injection molding. 
The polyacetal (POM) is used as a gear material about 
80% of them. Compared to other general-purpose 
engineering plastics, POM has a very good balance of 
price and performance. 

The load-carrying capacity, wear and fatigue life of 
gears are affected by many factors [1to3]. In the case of 
injection-molded plastic gear, the plastic materials and 
the bulk temperature are the most important factors [1], 
[2]. The bulk temperature is easy to come close to the 
glass transition temperature of the plastic materials. 

Therefore, the plastic gears are added with reinforcing 
materials for keeping strength in high bulk temperature. 

On the other hand, new utilizations of agricultural 
waste are focused on the ecological recycling, and the 
biomass has the characteristics of carbon offset. The rice 
is eaten all over the world. Especially, the consumption 
of rice becomes large in Asia. The rice hull is a residual 
product of rice, about 0.9 million tons of rice hulls are 
refused every year. Since the rice hull contains natural 
silica about 20wt.%, It has the potential for good 
frictional properties and high strength. Therefore, 
composite materials of biomass and plastic are reported 
[4to6]. Based on these backgrounds, the authors used 
carbon particles made from rice hull: Rice Hull Silica 
Carbon (RHSC) as a reinforcing material in plastic gear 
[7][8]. The RHSC is a porous carbon material. The 
effects of the median grain diameter and dopant ratio of 
RHSC-particle were discussed [7]. Then, the effect of 
RHSC particles on the frictional property and the fatigue 
mechanism were clarified [8]. 

In this study, test gears made from some composite 
material of POM and RHSC-particle. Test gears are spur 
gear pair, helical gear pair and crossed helical gears. The 
fatigue lives of these test gears were investigated. Based 
on results, the effects of RHSC particle were discussed to 
improve the fatigue strength of the injection molded 
plastic gear. 
 

2 Experiments 
2.1 Test gear 

All test gears are injection molded gears, and 
geometrical dimensions are in same values. Therefore, 
the driving and driven gears were in same dimensions.  

Table 1 shows materials for test gears. The polyacetal 
copolymer (POM) and the composite materials of POM 
and RHSC-particle were prepared for test gears. The 
dopant ratio of RHSC-particle is 7wt.%. The median 
grain diameters of RHSC-particle are 5μm and 60μm. 
Test gears are called POM, RHSC5 and RHSC60, 
respectively. Then, the both of RHSC5 and RHSC60 are 
called the RHSC-gear. 

(1) Spur gear 
   Table 2 shows the dimensions of test spur gears.  
(2) Helical gear 

Table 3 shows the dimensions of test helical gears. 
The helix angle is 20 degree. In the case of crossed helical 
gears, the angle between shafts of crossed helical gears is 
40 degrees, because the gears of same helix direction are 
used. 
2.2 Experimental apparatus 

The schematic representations of experimental 
apparatus are shown in Fig. 1 and Fig. 2. The 
experimental apparatus used in this study is the power 
absorbing type. The synchronous speed of motor is 1500 
rpm/50Hz. A transistor inverter is used to change the 
frequency of the electrical power source. The 
synchronous speed of the motor can be set at random 
within the range from 300 to 1800 rpm. The rotational 
speed of test gear is monitored by a tachometer. To set up 
the testing torque, a torque meter and a powder brake 
were added to this equipment. During the experiment, the 
bulk temperature of test gear was measured by a radiation 
thermometer. 
(1) Spur gear pair and Helical gear pair 

The experimental apparatus for spur gear pair and 
helical gear pair is shown in Fig. 1. The center distance 
between gear shafts can be set arbitrarily.  
 

Table 1  Materials for test gears 
Material POM RHSC5 RHSC60 
Matrix Polyacetal 
Filler － RHSC particle 

Median grain 
diameter [μm] － 5 60 

Dopant ratio wt.% － 7 
 

Table 2  Dimensions of test spur gear 
 Spur gear 

Module m [mm] 1.0 
Pressure angle αc [deg.] 20 
Number of teeth z 48 
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Modification coefficient x 0 
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(2) Crossed helical gears 
The experimental apparatus for crossed helical gears is 

shown in Fig. 2. The angle between gear shafts can be set 
arbitrarily.  
2.3 Fatigue test 

Test gear was operated at a constant rotational speed 
and transmitting torque, until the gear was broken. At this 
point the total number of rotation was counted as the 
fatigue life of test gear. In this study, lubricant was not 
used. In addition, the fatigue limit is defined as 107 
revolutions, the total number of rotation. 

The room temperature was kept at 23°C ± 2°C. To 
survey the conditions of test gear, the bulk temperature in 
the middle of tooth width was measured using a radiation 
thermometer during operation. 
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0.5Nm unit. Test gear was operated at a constant 
rotational speed at 1000rpm. The backlash was set to 0.1 
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The transmitting torque set up from 1.5 to 3.5Nm by a 
0.5Nm unit. Test gear was operated at a constant 
rotational speed at 1000rpm. The backlash was set to 0.1 
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The transmitting torque set up from 0.2 to 0.6Nm by a 
0.1Nm unit. The rotational speed of test gear was fixed at 
500rpm and 1000rpm. The backlash was set to be 0.2mm. 
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3 Experimental results and discussions 
3.1 Bulk temperature 

Figures 3, 4 and 5 plot the bulk temperature vs the 
number of rotation.  

In the case of spur gear pair shown in Fig. 3, the bulk 
temperature of RHSC gear increases over time and 
reaches equilibrium. However, the bulk temperature of 
POM rapidly increases after the start of rotation, peaks, 
and then decreases gradually, reaches equilibrium.  

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Transition of bulk temperature with number of 

rotation (Spur gear pair, Torque 3.0Nm) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 Transition of bulk temperature with number of 

rotation (Helical gear pair, Torque 3.5Nm) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 Transition of bulk temperature with number of 

rotation (Crossed helical gears, Torque 0.5Nm) 

Figure 4 shows the case of helical gear pair. The 
transition of bulk temperature of RHSC gear is similar to 
the spur gear pair. However, the case of POM, the bulk 
temperature of helical gear pair is lower than the RHSC 
gear. 

In the case of crossed helical gears shown in Fig. 5, the 
bulk temperature gradually increases over time and 
reaches equilibrium soon, and keeps on equilibrium for a 
long time. From these results, it was found that the 
relationship between the bulk temperature and the 
rotation time differs according to the gear type. Because 
it is believed that the bulk temperature is approximately 
equal to the amount of tooth wear, it is believed that the 
tooth wear of crossed helical gears occur a constant 
volume per every rotation.  
3.2 Fatigue life 

Since plastic gears are affected by heat, the average 
value of the gear bulk temperature during operation 
(average bulk temperature) was used as an index to 
evaluate the fatigue life. The average bulk temperature 
represents the amount of fatigue work to the test gears 
during operation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6 Relationship between averaged bulk 

temperature and fatigue life ( Spur gear 
pair and helical gear pair ) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7 Relationship between averaged bulk 

temperature and fatigue life ( Crossed 
helical gears ) 
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(1) Spur gear pair 
The fatigue life of spur gear pair is shown in Fig.6. The 

fatigue life differs according to the median grain 
diameters of RHSC-particle. At the low temperature 
region, RHSC5 becomes a long life compared to POM 
and RHSC60. Therefore, the smaller median diameter of 
RHSC-particle is better for a reinforcing material in 
polyacetal. Furthermore, compared with other gear pair, 
the fatigue limit of RHSC5 is higher about 8°C. In other 
words, by the addition of RHSC-particle, a heat 
resistance of plastic gear is improved.  
(2) Helical gear pair 

The fatigue life of helical gear pair is represented in 
Fig. 6, along with the case of the spur gear pair. The 
fatigue life slightly differs according to the median grain 
diameters of RHSC-particle. However the fatigue life of 
helical gear pair is approximately equal to the case of 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

spur gear pair. 
(3) Crossed helical gears 

The fatigue life of crossed helical gears is shown in 
Fig.7. The variation in fatigue life is greater at higher 
temperatures also any gears. However, the variation in 
fatigue life is small at lower temperature. In the low 
temperature region, RHSC-gear becomes a long life 
compared to POM. Since the theoretical mesh is a point 
contact, the low frictional property of RHSC-particle 
affects the fatigue life. 
3.3 Damage form 

The example of damage forms are shown in Fig. 8 and 
Fig.9. In the case of spur gear pair, POM was melted for 
the frictional heat. However, RHSC-gear was breakage. 
The damage forms differ in existence of the RHSC 
particle. Also, the damage forms of helical gear pair are 
approximately equal to the case of spur gear pair. 
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Fig. 10  Wear on tooth surface ( Spur gear pair, Torque 3.5Nm ) 
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Fig. 8  Damage forms of spur gear ( Torque 3.0Nm ) 
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Fig. 9  Damage forms of crossed helical gears ( Torque 0.5Nm, Rotational speed 500rpm ) 
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3 Experimental results and discussions 
3.1 Bulk temperature 

Figures 3, 4 and 5 plot the bulk temperature vs the 
number of rotation.  

In the case of spur gear pair shown in Fig. 3, the bulk 
temperature of RHSC gear increases over time and 
reaches equilibrium. However, the bulk temperature of 
POM rapidly increases after the start of rotation, peaks, 
and then decreases gradually, reaches equilibrium.  
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Fig. 5 Transition of bulk temperature with number of 

rotation (Crossed helical gears, Torque 0.5Nm) 

Figure 4 shows the case of helical gear pair. The 
transition of bulk temperature of RHSC gear is similar to 
the spur gear pair. However, the case of POM, the bulk 
temperature of helical gear pair is lower than the RHSC 
gear. 

In the case of crossed helical gears shown in Fig. 5, the 
bulk temperature gradually increases over time and 
reaches equilibrium soon, and keeps on equilibrium for a 
long time. From these results, it was found that the 
relationship between the bulk temperature and the 
rotation time differs according to the gear type. Because 
it is believed that the bulk temperature is approximately 
equal to the amount of tooth wear, it is believed that the 
tooth wear of crossed helical gears occur a constant 
volume per every rotation.  
3.2 Fatigue life 

Since plastic gears are affected by heat, the average 
value of the gear bulk temperature during operation 
(average bulk temperature) was used as an index to 
evaluate the fatigue life. The average bulk temperature 
represents the amount of fatigue work to the test gears 
during operation.  
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(1) Spur gear pair 
The fatigue life of spur gear pair is shown in Fig.6. The 

fatigue life differs according to the median grain 
diameters of RHSC-particle. At the low temperature 
region, RHSC5 becomes a long life compared to POM 
and RHSC60. Therefore, the smaller median diameter of 
RHSC-particle is better for a reinforcing material in 
polyacetal. Furthermore, compared with other gear pair, 
the fatigue limit of RHSC5 is higher about 8°C. In other 
words, by the addition of RHSC-particle, a heat 
resistance of plastic gear is improved.  
(2) Helical gear pair 

The fatigue life of helical gear pair is represented in 
Fig. 6, along with the case of the spur gear pair. The 
fatigue life slightly differs according to the median grain 
diameters of RHSC-particle. However the fatigue life of 
helical gear pair is approximately equal to the case of 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

spur gear pair. 
(3) Crossed helical gears 

The fatigue life of crossed helical gears is shown in 
Fig.7. The variation in fatigue life is greater at higher 
temperatures also any gears. However, the variation in 
fatigue life is small at lower temperature. In the low 
temperature region, RHSC-gear becomes a long life 
compared to POM. Since the theoretical mesh is a point 
contact, the low frictional property of RHSC-particle 
affects the fatigue life. 
3.3 Damage form 

The example of damage forms are shown in Fig. 8 and 
Fig.9. In the case of spur gear pair, POM was melted for 
the frictional heat. However, RHSC-gear was breakage. 
The damage forms differ in existence of the RHSC 
particle. Also, the damage forms of helical gear pair are 
approximately equal to the case of spur gear pair. 
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(a) RHSC5, Initial wear ( 3.0×104 rev. )          (b) RHSC60, Initial wear ( 3.0×104 rev. ) 

Fig. 10  Wear on tooth surface ( Spur gear pair, Torque 3.5Nm ) 

5mm 5mm 

( a ) POM (3.77×106rev. )                              ( b ) RHSC60 ( 2.56×106rev. ) 
Fig. 8  Damage forms of spur gear ( Torque 3.0Nm ) 

5mm 

( a ) POM (1.24×106rev. )                              ( b ) RHSC5 ( 2.73×106rev. ) 
Fig. 9  Damage forms of crossed helical gears ( Torque 0.5Nm, Rotational speed 500rpm ) 
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In the case of crossed helical gears, the damage forms 
were tooth wear for all test gears. However, occurrence 
of wear particle is minimal in the RHSC gear. These 
results, adding the RHSC-particle to POM, it shows a 
possibility of improving the heat resistance or low heat 
generation due to decrease in friction. The long fatigue 
life of plastic gear is expected. 
3.4 Tooth surface 

The tooth surface of spur gear is shown in Fig. 10. The 
tooth surface of RHSC gear was worn, and the tooth 
became thin with increasing the operating time. The 
RHSC-particle scrapes against the tooth face. Then, the 
size of sheeted line is affected by the median grain 
diameter of RHSC-particle. When RHSC particles on the 
tooth surface shave the other tooth face, the projected 
area of RHSC particles is small, it become small 
frictional coefficient. In the case of RHSC60, since the 
RHSC-particle is large, damage to the tooth face is large. 
As the increase of rotational time, damage to the tooth 
surface becomes worse in any gear. 
 

4 Conclusions 
Based on the experimental results and discussions as 

given above, the following conclusions have been 
reached: 
(1) The RHSC-particle existed on the tooth face shaves 

other tooth face, these trace depends on the size of 
RHSC-particle.  

(2) In the case of RHSC-gear, the projected area of RHSC 
particles is small, it become small frictional 
coefficient. Therefore, the smaller median diameter 
of RHSC-particle is better for a reinforcing material 
in polyacetal gear. 

(3) In the case of helical gear pair, the properties such as 
the bulk temperature and the fatigue life are 
approximately equal to the case of spur gear pair. 

(4) In the case of crossed helical gears, since the 
theoretical mesh is a point contact, become to a high 
contact pressure. Therefore, the low frictional 
property of RHSC-particle affects the fatigue life. 

 
Acknowledgement 

Part of this work was supported by Grant in Aid for 
JST No. 04-095, and JSPS KAKENHI Grant Number 
24560173. Before concluding, we wish to thank Mr. 
Takeshi Takahashi (Sanwa-Yushi Co.,Ltd., Higashine, 

Japan) for providing the experimental materials (RHSC-
particle). 

 
References 

[1] Shoji, A. Sibata, H. and Takahashi, M., “Study on the 
Tooth Surface Abrasion of the Molded plastic Gear 
and Durability”, Proceedings of MPT2001-Fukuoka 
The JSME International Conference on Motion and 
Power Transmissions (2001), pp.565-570. 

[2] Takahashi, M. Takahashi, H. and Kobayashi, Y., “A 
Study on Load Carrying Characteristics of Plastic 
Crossed Helical Gear.”, Proceedings of MPT2009-
Sendai the JSME International Conference on Motion 
and Power Transmissions (2009), pp.439-443. 

[3] Nemot, R. Tamura, E. Tomita, H. Tanaka, E. 
Takahashi H., “Improvement of load-carrying 
capacity by adopting the low pressure angle(In the 
case of Crossed Helical gears)“, International 
Conference on Gears 2013. (Munich), VDI-Berichte 
2199.2, (2013), pp.1267-1278. 

[4] Iizuka, H., “Mechanical Properties of New Porous 
Carbon Materials made from Rice Bran and Wood”, 
Research Signpost Recent Research Developments in 
Materials Science, (2002), Vol.3, pp.69-81. 

[5] Iizuka, H. Noguchi, T. Shikano, S., “A New Porous 
Carbon Material made from Rice Bran”, International 
Jornal of the Society of Materials Engineering for 
Resources, (2003), Vol.11, No.1, pp.10-15. 

[6] Takahashi, H. Iizuka, H. Nemoto, R., “Strength and 
Noise of the Injection Molded Plastic Gear -Case of 
Plastic Mixed Rice Bran Ceramics-“, International 
Conference on Gears 2005. (Munich), VDI-Berichte 
1904.1, (2005), pp.89-106. 

[7] Itagaki, T. Takahashi, H. Iizuka, H., “Strength and 
Noise of Injection-Molded-Plastic-Gear Filled with 
Rice-Hull-Silica-Carbon - Effect of the Median Grain 
Diameter and Fill Ration - “, Proceedings of the 2nd 
International Conference on Design Engineering and 
Science ICDES2010 (Tokyo), (2010), pp.288-293. 

[8] Itagaki, T. Takahashi, H. Iizuka, H., “Research and 
Development of Injection-Molded-Plastic-Gear filled 
with Carbon Powder made from Rice Hull “, 
International Conference on Gears 2013. (Munich), 
VDI-Berichte 2199.2, (2013), pp.1165-1175. 

 
Received on October 31, 2013 
Accepted on January 28, 2014. 

 
 

The 3rd International Conference on Design Engineering and Science, ICDES 2014 
Pilsen, Czech Republic, September 1-3, 2014 

Copyright © 2014, The Organizing Committee of the ICDES 2014 

 
Design and Manufacture of New Circular-Arc Tooth-Trace Gears 

(Design of Rack and Pinion based on Transverse System) 
 

  Keiji SONODA*1, Kazuki TAKENOUCHI*2 and Shinji HASHIMURA*3 
*1   Department of Mechanical Engineering, Sojo University 

4-22-1 Ikeda, Nishi-ku, KUMAMOTO 860-0082, JAPAN 
k2sonoda@mec.sojo-u.ac.jp 

*2  Faculty of Design, Kyushu University 
4-9-1 Shiobaru, Minami-ku, Fukuoka 815-8540, JAPAN 

  ktake@design.kyushu-u.ac.jp 
            *3  Department of Engineering Science and Mechanics, Shibaura Institute of Technology 
            3-7-5 Toyosu, Koto-ku, Tokyo 135-8548, JAPAN 
            hasimura@shibaura-it.ac.jp 

 
Abstract 

In general, the circular-arc tooth-trace (CATT) gears are 
considered as a special type of spiral bevel gears whose 
shaft-angle is zero. The CATT gears were manufactured 
using the conventional circular face-mill cutters. In this 
paper, the new CATT gears have been developed using 
3D-CAD/CAM; the tooth profile of pinion gears has the 
same involute curve at the any section through the 
face-width. Similarly the tooth profile of the CATT's 
rack is a straight line at the both sides of the face-width. 
Keywords: design, manufacture, gear, rack & pinion, 
3D-CAD/CAM, CNC machine tool 
 

1 Introduction 
Figure 1 shows the circular-arc tooth-trace (CATT) 

gear, a face-mill cutter and a cup-shaped grinding wheel 
to manufacture the gear. The circular-arc tooth-trace 
gear features have excellent characteristics such as 
being free from axis thrust, hard to get in contact with 
one side (end tooth bearing) by means of the action of 
self-centering, capable of machining in exceedingly 
high accuracy provided that cutting and grinding are 
made by a single machining tool [1], [2]. However these 
gears have not been spread because a special machine 
and a special tool are needed to manufacture the gears 
[3]~[6].  

In this study, the new CATT gears were 
manufactured in such a manner as follows instead of 
using the special machine with the circular face-mill 
cutter. At first, a solid model of the new CATT gear was 
made by means of 3D-CAD using the calculation of 
standard coordinates of involute tooth profile or 
tooth-trace. And then the new CATT gear was 
manufactured by a CNC milling machine and a ball 
end-mill. The new CATT gear has a standard involute 
curve at any cross section of the tooth face-width. 
Hence the new CATT gear differs from the conventional 
CATT’s tooth curve. The new CATT gears have a 
possibility to be spread in many fields because the new 
CATT rack has a linear tooth curve at any cross section. 

The features, the design method and the way 
manufacturing the new CATT gear will be explained in 
the paper. 

 
 
 
 
 
 
 
 
 

(a) Pinion with circular-arc tooth-trace 
 
 
 
 
 
 
 
 
 
 

(b) Circular face-mill cutter 
 
 
 
 
 
 
 
 
 

(c) Cup-shaped grinding wheel  
Fig. 1  Circular-arc tooth-trace gear and typical tool 
 

2 Features of the CATT’s Gears 
In general, arising from its circular-arc tooth-trace, 

the preferable features in the use of and manufacturing 
of the gears are pointed out below: 
[GP-1] Crowning (convexity) can very easily be 

attached. When concave and convex surfaces 
are shaped by separate curvature radius, the 
convexity equivalent to the difference of the 
radii can be attached. 
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